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ABSTRACT

The present study on lucerne cv., "Wairau" was carried
out in two separate trials, - a herbage and seed production
trial and a seed development trial., The purpose of the first
part was to investigate the effect of cutting and spacing on
herbage production and subsequently on seed yield. In the
second part, changes in seed weight, moisture content, and
viability during various stages of seed development were studied.

Results from the herbage study suggested that fresh and
dry herbage yield were both affected more by plant spacing than
by the height of cutting and the stage of plant development at
the time of cutting. Close plant spacings resulted in higher
yields of both dry matter per unit area and dry matter
percentage than wide spacings. The study showed that lucerne
plants in first year crops should be grown at a plant density
higher than 44 plants per sq. metre and up to 100 plants per sq.
metre to reach maximal herbage yield per unit area. @pmarly cutting
and high cutting gave a significantly lower herbage yield than
when plants were cut late and cut at a low stubble height.

Cutting and spacing treatments had a profound influence
on seed yield per unit area., Seed production in lucerne, unlike
herbage production, depended mainly on seed yield per plant rather
than on the number of plants per unit area. Both cutting and
spacing treatments affected seed yield per plant by altering the
number of reproductive shoots, number of flowers per plant and
the percentage of seed set. Plants grown at wide spacings
produced more branches and flowers per plant and also exhibited
a higher percentage seed set, thereby producing high numbers of
seeds per plant. To obtain high seed yield in this variety of

lucerne, plants should be grown at a plant density of approximately
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11-25 plants per sgq. metre, Cutting lucerne plants prior to
allowing them to seed resulted in a weakening of the plants,
severely depressed reproductive potential, delayed flowering
time and subsequently affected flower production and percentage
seed set, Lucerne plants should therefore not be cut at all in
the year of plant establishment if high seed yields are expected.

Seed development followed three distinct phases. The
growth stage involved the period up to 22 days after pollination.
At the end of the stage, 3% of seeds were germinable. The food
reserve accumulation stage occupied the period from 23-40 days
after pollination. Maximum seed dry weight was attained after
LO days at a seed moisture content of 58%. The ripening stage
occupied the period from 41-75 days after pollination. At the
end of this stage seed moisture content was approximately 144
and subsequently 6% of hard seed were found when seeds were
tested immediately after harvest. GStorage results in this trial
indicated that immature seed tended to lose germination capacity
more rapidly than mature seed. To ensure high seed quality in

lucerne it was essential that seed be harvested after maturity.
F



(ix)

ACKNONLEDGEMENTS

The author gratefully acknowledges the assistance of the
following persons.

Dr. M,J. Hill for his genercus guidance, valuable advice,
constructive criticism of the manuscript and encouragement
throughout the course of this study.

Mrs. M.E.H. Johnston for her helpful guidance and
encouragement,

Mr. A.C,P. Chu for his guidance with statistical analysis.

Mrs. Maureen Lavent for technical help in statistical
analysis.

Dr. B.J. Donovan for supplying the leaf-cutter bee cells
used in this experiment.

Sincere thanks are also due to:

Mr. M.C. Thompson, Mr. R.A. Johnston, Mrs. Karen Faulkner,
trainees in the Seed Technology certificate course 1976-1977, FPost-
graduate students majoring in Seed Technology 1977-1978 and other
friends for their useful help in technical and field work.

The New Zealand Government for the opportunity to
undertake this course of study under the Colombo Plan.

Mrs. Christina Holdaway for her careful and marvellous
job in typing this thesis,

Finally, but not least, I would like to thank my families
in Thailand for their encouragement and my husband, Thaworn for
his patience and valuable encouragement during my 33 years of

study in New Zealand.



1. INTRODUCTION

Lucerne (Medicago sativa L.) is an important forage crop

in many farming systems. As suggested by Ellison (1958) lucerne
has a number of general merits in agriculture such as building
and restoring soil fertility and as a high guality material for
animal feeding. OCther satisfactory aspects of lucerne, include
its capability of producing higher (20-100%) dry matter yield
than other pasture crops particularly under drought conditions;
providing high quality hay at a critical time of the year
(Janson 1974) and also richness of protein which is well
recognized (Woodman et al 1933). This species is also known

to outlast pasture and is economical irrespective of sowing
costs (Janson 1974), 1t has also been reported by a numbser of
workers (Keoghan 1967, Langer 1972) that good recovery after
being cut or grazed is one of the outstanding characteristics

of lucerne. all these characteristics render it suitable to fit
well into the complete agricultural system where cutting or
grazing 15 involved. One of the main problems facing lucerre
grewers is the continual supply of sufficient high qu&li£y seed
for scwing. Seed production in this crop has always been thought
of as relatively low and unreliable, varying from place to place
and from season to season, Doull (1967) stated that while in
many countries lucerne seed production yields in the range from
112-168 kg/ha. are common, exceptions occur in some areas with
seed yields being as high as 2L22 kg/ha. A great variation in
lucerne seed yield may occur in different years as reported by
Zaleski (1963). He quoted an example in Great Britain where
seed yield of lucerne grown on the same site was recorded at

101 kg/ha. in one year, whereas it was 482 kg/ha. in the

fellowing year. These figures suggest that seed production in




lucerne varies greatly depending on environmental conditions.
A lack of sufficient information about crop management could be
another factor governing the success of growing lucerne for

seed. lnitial research into ways of inc

b

"gasing the seed yield
of lucerne began as =arly as 1935, but there is still a great
need for more study.

Flant spacing plays an important role in seed crop
production since yield per unit area is a function of seed
yield per plant and number of plants in 2 certain area. It is
possible that different plant spacings could be one of the
factors governing both lucerne herbapge and seed yield. ais
knowledge of sowirg patterns with lucerre is5 somewhat
inconsistent and little pguidarnce was obtained from previous
work, it was decided to invesbtigate the sf{fect of sauare
planting lucerne at different spacings to determine the effrct
of snuch treatments on seed yield.

since lucermne is a perenwial forase erop, plants can

e
b
(4]

grovn either for forage or seed producstion. In normal practice
it is common for farmers to cut lucerne for hay and then huarvest
for seed later in the same season. «5 the affect of previous
cutting on the plant ard on seed production is not clearly
documented it was decided to investigate the effects of cutting
on subsequent seed yield in the seeding year.

This study is presented in two sections; a herbage and
seed production trial and a seed development trial. The
purpose of the herbage and seed production trial was to
investigate the effect of cutting lucerne plants at the young
stage of plant development (bud stage, 12 weeks after sowing)

and at a more mature stage (full flowering stage, 16 weeks after

sowing) on herbage yield and seed production. In addition the



effect of height of cutting on herbage regrowth at different
stages of plant development was also investigated. The effect
of cutting on subsequent seed production was also studied using
plants grown at h different plant densitvy spacings. Various
comporents which might be expected Lo have a beiaring on seed
production and yield were also examined.

In any seed crop production prosramme the quality of
seed needs to be considered alonp with tie amount of seed
harvested., I'v assess this aspect a seed development trial was
carried ont to monitor changes in physiolojical comporents and
seed jquality in relstion to seed age. The onset of hard seed
formation and the eiffact of hirvesting time ard storage

traeatment on hard seed percentage was ulsoc studied.



2e ATSRIALS AND METHODS

A, HIRBAGE AND SI4D PRODUCTION

1. GHxperimental Site and lLand Urepairation

Lucerre cv J4airau was used in this study. The seed was
inoculated with certified lucerne rhizobium sirain supplied by
wrightson NMa Ltd. immediately prior to sowing in order to
ensure effective nodulation.

‘he 1000 sq. metres trial site was located at

agssey

Uriversity on Tokomaru silt loam. Ifhe previous crop grown in

ot

his area was fodder radish. The land was ploughed and rotary

hoed in sugust 1976, Fertiliser (20. [ottassic Superryhospnate)

)

#as broadcast at a rate of 251 kg/ha. before sowing.

2o bxperimental desisn

ie laycut of the experiment wis a sysiematic desisgr
o e I - - g o= ' ¥ - i
Hith 4 spacingsy 5 cutiting treatments and Y replicates. It is
necessury to explair why the systematic arrangement was used

-

ir this trial. as shown in Figure 7, the plot was parallel to
tiie mill sdide and it hecame obvicus that one side of the area
was drier than the other. To minimize the moisture gradient
effect, the spacing treatment was arranzed across the {ield.

pmachh replicate of each spacing was divided into 5
subplots for cutting treatments. These cutting treatments
involved an uncut control, two cutting times (bud stage and full
bloom) and two cutting heights (7.5 cm. and 1.0 em.). Again the
systematic arrangement seemed to be most practical.

The size of the plots varied with different plant
spacings, the object being to obtain similar total plants in

each plot. Having each spacing in one block was therefore of

great practical value.
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EXPERIMENTAL LAY-OUT

FIGURE 1
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In addition to this, the use of 4 replicates assisted
in reducing environmental differences among subplots. Apart
from the moisture effect, the trial area seemed to show
uniformity when observing the growth of the previous crop in
this area. Therefore the use of a systematic arrangement in
this experiment was considered to be satisfactory especially in

connection with the convenience of crop management.

5+ Sowing Procedure

Square plantings 10x10 cm., 15x15 cm., 20x20 cm. and

30x%0 cm. were employed in this study. These

in approximately 100, 44, 25 and 11 plants per sq. metre

respectively. OStrings marked at the required spacing intervals

<

were prepared as a sowing guide for different spacings. Seeds

L

were sown by hand on September, 28, 1976, approximately 5 seeds

per hold being sown at a depth of about 1 cm. Sowing was

completed within 1 day by 7 planters. A thermohydrograph was

(o)

used to record changes in temperature and relative humidity in

=)

the field during the growing season. (FPlates 1 and 2). |

PLATE 1. |

SOWING THE SEED
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L, Seedling Emergence

Most seedlings emerged 8 days after sowing. The soil
temperature recorded during seedling emergence ranged from

K°¢ - 19%.,

5. Thinning

In the study of population density effects the number
of plants grown in a certain area is considered to be important.
The lucerne seedlings emerged in each position were thinned to
a single plant using a pair of sharp scissors to cut below the
growing point of the stem. In the case of missing plants,
these were replaced by transplanting seedlings of the same age
from a small seedling nursery area vearby. Thinning and
transplanting were completed within & weeks of sowing. During
dry weather the area was irrigated for 3 hours prior to
transplanting. In the 10x10 cm. plant spacing it was impossible
to work within the plot without damaging the plants, and causing
severe soil compaction. To overcome this preblem a wooden
board with short end supports was used for sitting on when

doing the weeding, thinning and transplanting. (Plate 3).

6. Weeding
The predominant weeds present in the trial were:

Hawkbit (Leontodon taraxacoides), Sowthistle (Sonchus oleraceus),

White clover (Trifolium repens), Daisy (Bellis perennis),

Toadrush (Juncus bufonius), and Californianthistle (Cirsium

arvense).
Weeding was done twice, the first before thinning and

the second after the first cut. There were two methods of weed



PLATE 3.

T

A WOODEN BOAR®RD WITH SHORT END SUPPORTS USED FO
m

HINNING IN TTHE 15X15 CM. AND 10X10 CM. SPACIN
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control employed - hand hoeing and herbicide. The post
emergence herbicide (24DB) was sprayed at a rate of 2.1
litres/ha. Unfortunately this herbicide while it did not affect
the lucerne was found to be effective only for some of the weed

species present. The rest were removed by hand hoeing.

Vo Cutting

There were five cutting treatments involving a time of
cutting and cutting height combination. Time of cutting
occurred 12 weeks after sowing (first cut) or 16 weeks after
sowing (second cut). The time of cutting was considered in
relation to the stage of plant development, the first cut being
timed to coincide with the appearance of green flowering buds
and the second cut being delayed until the full bloom stage.

At each time cuts were carried out at two different heights,
i.e. ground level (low cut) and 7.5 cm. above the ground (high
cut). (Plate 4). Therefore the five cutting treatments were:
(1) uncut (control), (2) first high cut (FHC), (3) first low

cut (FLC), (4) second high cut (SHC) and (5) second low cut (SLC

A hand sickle was used to cut the plants from an area of
3.24 sq. metres, L4.84 sq. metres, 5.76 sq. metres and 9.99
sq. metres in the 10x10 cm., 15x15 cm., 20x20 cm, and 30x30 cm.
spacings respectively. This allowed equal numbers of plants to
be cut in each treatment. Two rows of plants were left at the
edge of each subplot as guard rows. After cutting, plants in

all subplots were allowed to run to seed.

8. 1Insecticide

Lorsban 40 EC1 at a rate of 2.1 litres per hectare in

LO gallons of water was applied to control aphids and other

1 Lorsban 40 EC - 400 gm./litre chlorpyritos formulated as an

emulisfiable concentrate.
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harmful insects at the bud stage. At the flowering stage,

Aldrex2 was used at the same rate.

9. Beehive

Leaf cutter bees (Megachile 52.) were introduced to the
trial site for use as pollinating agents. A shelter for the
hive was made and placed at one central end of the field at the

onset of blooming of the crop. (Plate 5).

110 Harvesting

Plants from each plot were hand harvested when most of
the pods became black. The seed was at this stage at least 70
days after pollination. A hand sickle was used to cut five
marked plants in each treatment at ground level. The cut
portion from each plant was kept separately in a paper bag.
After the five marked plants had been removed, the rest of the

plants were bulk harvested for each subplot.

11. Laboratory Testing

a. Herbage yield. The green material from each cut of every

treatment was weighed and then oven dried at 1OSOC for 24 hours.

Fresh weight and dry weight were determined.

b. Seed yield components. The number of total shoots,

reproductive shoots, clusters per plant, pods per cluster, seeds
per pod and seeds per plant were determined from five marked single
plants in each treatment. The seeds from each plant were threshed
with a hand operated rubber thresher and then cleaned. Pure seeds
were weighed, and used for the estimation of moisture content and
germination at each harvesting time. Therefore the'yield per

plant was obtained from the average of seeds from five plants in

each treatment.

2 Aldrex - 20% w/r (2 lbs/gallon) of aldrin.
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c. Seed yield per area. Clusters from bulk harvested plants

were removed by hand and air dried in a glasshouse at a
temperature of about 300-3500 for 1 week. 5eeds were then hand
threshed, cleaned, weighed and yield per hectare calculated.
Seed moisture content and 1000 seed weight were also determined.
The value of yield per unit area and seed weight from different
moisture levels were converted for comparative purposes to a
common value of moisture content (8%). Jeeds from each
treatment were stored separately in paper bags in the laboratory
for a period of 3 months. The moisture content of esach seed lot

2 i . ; i 3 @ & i
was determined bty the air oven method at 103 C for 2% hours.

d. Germination test. Jeeds from each treatment were tested for

germination at of 0, 6 and 12 weeks after harvest.

-
o]
oF
o
3
<
)
]
9]

Germination te

(6]
cr
6]

were carried out after different periods of
storage because it was found that the germination perc=ntage of
freshly harvested seed was very low owing to the presence of

hard seed. It was expected that the percentage of hard sece

foN

would decrease with increased storage period. Seeds obtained
from each of the 5 cutting treatments were tzsted in the sam
way for the germination. Four replicates of 50 seeds were

germinated on top of paper at a temperature of 20°C. seeds were
prechilled at BOC for 3 days before the actual germination test
to eliminate post harvest dormancy. The first count was made at

i days and the final count at the end of the 10 day test period.

12. Statistical Analysis

Three way analysis was used for analysing the data. The
least significant difference method was used to identify
statistical differences among the results from different

treatments and replicates,
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B. SZED DEVELOPMENT EXPERIMENT

1. Experimental Site

The same seed line of lucerne was used in this
experiment. The procedure of land preparation, sowing, weeding,
thinning and transplanting was exactly the same for the hzrbage
and seed production trial. (Section A). Plants were grown in
four plots each of 6x5 sq. metres. A plant spacing of 30x30 cm.

was used for this trial.

2. Pollination Cage Preparation

Four large nylon mesh nets each with dimensions of 5.35 x
2.75 x 0.65 m., were prepared to cover the plants before flowering.
(Plate 6). Each net was designed to cover an area of 150 plants.
Iron frames were used to support each net. Flower buds were
tayrged before putting the net over the plants. During this
period it was necessary to check for the presence of bees in
each cage as this was a critical period for excluding the bees.
If any bees were found, all tagged flower heads were discarded

from the trial, and a fresh crop of flower buds were tagged.

2. Pollination

Two different methods were employed for obtaining
insect pollination. The first method tried involved putting
about 60 honey bees into each cage and allowing them to
pollinate the crop from 1030 hours until 1900 hours. As a
result of this method only a very small number of flowers were
pollinated since the bees became agitated at being confined in
the cages and tended to attempt to escape rather than pollinate
lucerne flowers. The other method, which was more successful
for lucerne pollination was to remove the cage from 0930 hours

until 2000 hours on a fine sunny day and when there were plenty
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of blooming flowers and allow normal insect activity to occur.
The cage was then replaced on the plots.
Since there was insufficient seed set as a result of
bee activity on any one day, the latter pollination procedure
was repeated in each plot in order to obtain sufficient quantities
of seed. The date of each day on which bees were allowed access

to caged plants was recorded.

4., Harvesting

In the seed development study, seeds were hand harvested
at various stages of maturity ranging from 10 days up to 75 days
after pollination. Previous attempts had been made to harvest
seed at 2 day intervals starting from 70 days after pollination
through until seed ripeness. Unfortunately the seeds were not
found to be mature until "C days after pollination. At this
stage, there were insufficient seeds left for sampling.
Therefore the time interval was altered as follows: 10, 13, 16,
19

. 22, &5 20, 31, 34, 37, 46, 49, 5% and 75 days after

polliration.

5. Laboratory Testing

At each harvest, pods were divided into two portions.
Cne portion was immediately used for the estimation of fresh
weight, dry weight, moisture content, total viability and seed
germination while the other portion was stored in the laboratory
for 7 months and then used to estimate the latter parameter.
Seeds were removed from each portion of pods by hand to avoid
any mechanical damage.

Two hundred seeds were used for the determination of
fresh weight and dry weight. The air oven method (10300 for

24 hours) was employed to obtain the value of moisture content
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of seeds at each harvest.
Four lots of fifty seeds were germinated on top of
o . : (o 39
paper at 20 C. Seeds from each harvest vere prechilled at 5 C
for 3 days before the actual germination test. This was thought
desirable to overcome post harvest dormancy. Seedlings were

removed at intervals (%4, 7, 1k, 21 and 30 days) during the

germination test period.

The tetrazolium test technique was employed to evaluate
the total viability of 100 seeds of each seed age.

After storage in the laboratory for 3 months, seeds
were removed from the pods by hand. FPure seeds were used to
determine germinability by the same procedures previously used

for freshly harvested seed.
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3. HERBAGE YIZLD AND SEED CRCP FRODUCTION

INTRCDUCTION

The lucerne plant has long been used for both herbage
and seed production. Willard (1951) stated that it is common
farming practice for the lucerne plant to be cut at least
once up to several times for hay and then for seed production

in the same year. Apart from cutting for hay, the lucerne

.plant can also be used for grazing. «#ith grazing, the height
of the stubble varies greatly with the type of animal. ‘hen

using machines for cutting, the stubble heipht is determined by

s i * (=7

< . . . / . A
the construction and action of the mowing machine (Zidgman 1960).

plant after each cut if a high seed yield ic reuired later in

the season. It is often said that lucerne is one of the t
in terms of good recovery afisr cutting.

However, in spme cases il was also beer reporled that the

lucerne ,lant can be damaged by a severe cut. MNost workers
agree that any cutting system affzcts the subsejguent regrowth
of the lucerne plant by affecting the production of shoots from
the crown, since the storage of food material in the root is
depleted by removing the tops. Abu-Shakra et al (1977) noted
that the number of stems per plant was greatly reduced when

%-L forage harvests were practiced before starting the seed

crop. This reduction was much less severe when only 1-2 forage

crops were harvested. However, the findings by Willard et a

.

(1934) as quoted by Willard (1951) oppose this view by saying
that the height of cutting is not important in affecting
recovery after cutting as the new growth of the lucerne plant

originates from the crown buds at or below ground level.
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Most plant species have the ability to change their size
and form in response to changing environmental conditions such
as changes in plant density. 3nch plant density ?ifferunces
can also influence both herbage and seed yield., There uare a
number of researchers attempting to investisute the optimum plant
derisity necessary to give optimum herbsgze and seed yields Ffor
certain species or cultivars.

rincipally, the amount and guality of herbage and seed
removed under different cutting treatments and at different plant
densities should be considered along with the subsequent recovery
potential of the plant. The following chiapter involves 2 review
of literature, results and discussion on the effects of time of
cutting, height of cutting and plant density on herbage production

{(s5zction A) and on sulsegquent seer yield and s-ed yield componsents

o ~ = - ..\
{Section B).
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« RNuture of ¥lant Growth and the Zffect of Cutting on Herb:

o
'
(4]

To manage the lucerne crop successfully, it is
necessary that its growth pattern be well understood. Janson
(1974) suggests that the growing point of the lucerne fplant,
which is responsible for the growth of new stems and shoots,
is normally found at the shoot apex which develops from the crown
region., 4dccording to Leach (1968) the word "crown" includes the
extreme bases (less than 0.5 cm. in length) of the discrete
stems, and "stubble'" refers to the basal 5 cm. of the discrete
stems. He also suggests that the rate of growing point growth

declines as the plant starts flowering. As a compensation for
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this new crown buds occur. He stresses that the growing point
needs to be physiologically mature before the development of
basal shoots can take plice. 30 lucerne plants will produce no
top growth during the dormant stage. Cowett and 3prague (1962)
shoued that the development of new buds and shoots at the crown

of the lucerne plant depends on both environmental and plant

manazement factors such as; soil moisture, light intensity,

air temperature, mineral nutrient, cutting heignt, plant

maturity and stand density. Furtaermore it is sug.oested by

.

Aillard (1951) that favourable conditions #hich result in high

levels of carbohydrate or high root ressrves arg responsible

o

for crown bud initiation and developmant. Investigation by
Singh aad Jinch (737%) also contributes to this aspect. [hey

studied the morpholoyical development of tlhe regrowtlh in luccrne

prants and dndicetzd that the regrosts patterus of uncuyt nmd cut
lucerne »are differe L. he stens of “aidut lucerne arise from
the base of the stem { t formed Lhe Ifirst grostao. In the

cut plunt the regroxsth stems are produced from

ct
(5]
—
<
ey

the most recently harvested stems. In addition to this,

ith and Soberalske (1975) examined tne regrowth of lucerne

(o

ey .
5.2 of the new shoots

after cutting and reported that about 2
were produced from the region of 5-12 cm. stubble stems.

It is widely accepted 2mongst workers that both leaf
quantity and gquality contribute to a large extent to growth
rate and subsequent crop yields. The understanding of leaf
efficiency could be used as a guide to maximise crop yield.
Theoretically any cutlof sufficient height to retain an
appropriate LAI would result in higher growth rate. i clear

statement is given by Brown et al (1966) that in forage

production, particularly where grazing or cutting is involved,
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the stubble achieving optimum light interception should be
considered along with the beneficial or parasitic value of

the remaining leaves. Therefore leaf nsge and efficiency are

of prime importance in increasing forage yield. In relation

to this Leach (1968) showed that differences in herbage yield
at different cutting intensities involving retaining or
removingzg the stubble was due to differences in leaf area.

Thus the maintenance of a reasonable top zrowth necessary to
keep the lucerne plant in good condition is the primary fact to
be considered in farm practice.

A variation of stubble height ranging from ground level
up to 30 cm., is normally found in many cutting experiments.
Cowett and 3prague (1962) found that a stubble heizght
of 7.5 em. gave a significantly higher
material than catting at 2.5 cm. They further explained tual
ubbhle hedight contributed greatly to the increased
production of buds and stems of the second crop.

Ridgman (1960) claimed that cutting at ground level or

leaving 2 stubble too hiszh were disadvantageous to herbag

4]

yield., s a result of cutting too low, soms plants were even
killed, znd others were affected by greally reduced yield
capacity. \‘hen leaving the stubble too hish, low yield was
persumably due to less material being removed from the plant
(at the time of cutting). In addition, work by Hildebrand and
Harrison (1939) indicated that there was a reduction in yield
when leaving a stubble height of 30 cm. due to plant maturity
and slow growth of the tops below the cutting level. These
results suggest there might be an optimum height of stubble to

give a maximum yield depending on the regrowth period between

cuts. For instance Ridgman (1960) showed that when lucerne
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plants were left for regrowth after cutting for 7 months,
cutting at 5 cm., and 10 cm. and the uncut control, gave a

higher yield than cutting at ground level. But in the situation
where lucerne plants were cut more often, leaving a sufficient
stubble height favoured herbage productior. THildebrand and
roth of lucerne after cutting

at heights of 2.5 cm., 7.5 ecm., 15 cm. 2nd 22.5 cm., each treat-
ment being cut weekly, biweekly, or monthly. Their resulls
indicated that cuts at the 2.9 cm. level gave significantly
lover yisld than the other treatments and zlso sug
the optimum heisht for good recovery of the plant under this
situation was 15 cm.

It is of interest that cutting heig

ht may or may not

influence herbage yield, depending on the height of the plant

x
iy

1]

«xt the time of cuttingz. Birch et

= 5 found that a cutting
evel gave 3 similar hzrbage
vield as a cut at 2' cm., height. Cn Lhe otherhand, herbage
yield was increased when the stubble heisht was cut at 12 em,
This might be due to the fact that recovery of the young plant
(12 em.) is poorer than that of older plants (2. cm.) when
cutting =t a very low level., [However, in reviewing the effect
of cutting height on herbage yield of lucerne Keoghan (1967),
reached the conclusion that height of cutting seemed to be
unimportant from a practical point of view except when frequent
cutting was involved.

Herbage yield is a result of the accumulation of growth
material on the plant. Conseguently, the yield of dry matter
depends largely on the stage of plant development (Willard 1951).

A number of workers have conducted experiments by cutting lucerne

at different stages of plant maturity namely; vegetative stage,
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bud stage, early flowering, full flowering and past bloom
stames, Unfortunately. the results obtained by various
workers are inconsistent. Cowett and Jprague (1962) and Lezch
(1943) have agreed that cutting more muture plonts (late
flowering and past bloom stage) results in a higher dry

weizght and higher numbers of stems than cutting at the early
bud stage or ezrly bloom stage. Ihis misht be due to the fact

that mature plants contain a higher storase level of nufritive

tissue which is availahle for successive growtn. Jork by
letrovski (1974) is supporting evidence. e reported that un
average herbage vield of lucerne of 11.3% ton/ha. was achieved
when cutting was carrisd out at the garly f{lowxering stage
shereas the lowest yield of 8.27 ton/hia. wsus obtuainzé alien

cutting ot the bud formation stage. Yag finging of Birch st al

]

)
"

v |

(12706 ) zgrees with this result, In contrast to this Grigoryan

:t al (1977) found that the highest yield of hay was obtained

— —

(1]

shen cutting occcurred before bud formstion. lowever, Ccokol jic

et al (1977) did not find any difference irn herbage yield when
cutting wss carried out at the vegetative and bud stages.

Since the maximum herbage yield of lucerne grown in different
regions (determined by different workers) is obtained by
cutting plants at varying stages of maturity it is reasonable
to assume that ervironmental conditions lead to different rates
of growth.

As the digestibility of the lucerne plants plays an
important role in feeding quality, it is necessary when cutting
lucerne for hay that the guality should be considered
simultanously with the guantity gained from each cut. Most
workers (Woodman et al (1933), Crowder et al (1960), Weir et al

— —

(1960), Birch et al (1976) and Grigoryan et al (1977) ) agree
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that the percentage of crude protein decreases while the crude
fibre and dry matter increases as the plant progresses to
d that CI' contents of

maturity. Grigoryan et al (1977) report

\O
(0]

nYal

20.75%, 18.3% and 16,3, rere obtained when lucerne plants were
cut before the bud stage, during the bud stage and at the early
flowering stage reso:ctively{ Also interesting in this respect
is work by leir et al (1860) who considered the average annual
yield of lucerne to
digestible nutrients. They found that the highest yield of
total digestible nutrients was obtaired by cutting at the 1/10
bloom stage and that the highest yield of digestible protein
was obtaired in cuts made at the bloom stage. Nevertheless,
#inch et al (1970) indicated that the highest dry matter ir

cor junction with kigh levels of in witro DX digestibility and

crude protein were obtained when lucerne was cut at the ium
bud stage of development compared to cuttin t the early

bloom stage. These results suggest that cutiing lucerne plants
for hay during the bud stage aad early bloom staze should be

ideal for farm practice

2. Lffect of FPlant Density on Herbage Yield

The terms '"'crop yield'" or '"herbage yield'" are used to
refer to either yield per plant or yield per unit area. From
an agronomic stand point, it is pgeferable to achieve maximum
crop yield per unit area rather than yield per plant.
Generally, yield per unit area depends largely on plant
population which is determined by the number of plants in
that area and the average yield of each plant. Consequently,
a decrease in either the number of plants or yield per plant
will be reflected in a lower crop yield. Cowett and Sprague

(1962) pointed out that changes in stand density alter the
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microenvironment in terms of moisture, light temperature and
nutrient availability resulting in different yields. Likewise
low stand density contributed to less yield per unit area but
a greater number of stems per plant.

In the investigation of vegetative growth of plants
there is agreement in work by Donald (1951) on subterranean
clover, Aspinall and Milthorpe (1959) on barley and white
persicaria and Holliday (1960) on fodder beet and kale that
the dry matter of these crops increases with increasing
populations but remains constant at an extremely high population
density. In other words there is no reduction in dry matter per
unit area even when the plant density is extremely high. As a
result of this an asymptotic curve is proposed for vegetative
growth by Holliday (1960).

In previocus studies carried cut by various workers it has
been suggested that a dense population is favourable for maximum
herbage yield. The early work by Garner and Sanders (19LQ)
showed that dry matter herbage yield of lucerne was 202 kg/ha.
higher when sown in narrow rows (9-18 em,) than in wide rows
(24-35 cm.). A similar conclusion has been reached by Cowett
and Sprague (1962) who found that in lucerne a plant density of
80 plants per sq. metre gave a significantly higher yield (6400
kg/ha.) than herbage from 10 plants per sq. metre (2600 kg/ha.).
However, when plant densities were in a range of L6-240 plants per
sq. metre Palmer (1971) did not note any significant difference
in lucerne herbage yield. A careful study of the effect of
lucerne growth on crop yield at different plant densities by
Jarvis (1962) contributes to this aspect. He grew lucerne plants
under a square planting system with 8 different spacings. He

found that herbage yield was increased with increasing plant
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population up to a level of 75 plants pecr sq. metre. He also
noted that there was only a small increase in yield when plant
population was increased beyond this point. Illowever, his
results did not suggest there was an optimum plant density for
maximum herbage yield in lucerne.

An understanding of plant behaviour is important when
studying the effects of plant density on crop yield. 1In
relation to this Donald (1951) states thit competition betwesen
plants of a single species or between different species normally
oceurs in a plant community. wsspinall ard Nilthorpe (1929)
defined the word "competition" as restriction of plant gsrowth
arising from association with other plants. Competition
occurs when one individual is sufficiently close te another

modify its environment {either soil or atmospheric) and Tinally

i

decreases the rate of growth. In addition Donald (1951,
classified competition into two groups, inter-plant competition
and intra-plant competition. Inter-plant competition occurs

be tween plants, mormally at hisher population densities. Intra-
plant competition always exists among the plunt parts of
individuxls when grown as widely spiced plants or as single
Flznts.

“hen plant population is expressed in terms of seed
sowing rate, differences in herbase yield were not detected
when lucerne was sown at various rates from 1.1 to 40 kg/ha.
and harvested at the seedling stage or at the 104 flowering
stage (Sims (1975), Palmer (1971) and Ballatore et al (1977) ).
These results imply that maximum herbage yield of lucerne can
be obtained under a wide range of population densities. A
possible explanation may lie in the fact that, firstly the

varieties used might be different as all were unknown except




for the '¥airau' variety used by Palmer (1971). A second
explanation might be that competition amongst plants resulted
in high plant mortality. Irrespective of this effect Palmer
(1971) observed that the death rate of plants was higher in a
dense populutior than in a1 sparse popul:iti-n. It is likely
that despite iritial plunt density differences, the numbar of

plants present at harvesl ternds to have been adjusterd by

-

cympetition to reach a similar plant populatien density.
Particular interest should be paid to the relationship
between plant ace and stand densily in rezg=rd to herba-e
i X 4

vield. Falmer (1971) indicated that wihen lucerne plants were

rates (1.12, 2.2 and 4.h8 kg/ha.) in the first year. Houcver
in the second year herbusge yield from 1) seeding rates was

siwilars This was possibly duse te either incrsased plant size

in the widest spacing or to poor plant devolopment ard even
B i I

&

plant mortality occurrinz in close £racing populations.

]

REAULTS
Mean results of plant spacing and cutting effects on
fresh weight (FVW) and dry weight (DY) of herbage are shown in

Figure 2 (individual treatments in Ap. erdices 1 and 2)

1. Fresh Weight (F&)

Statistical analysis indicates that both spacing
treatments and cutting treatments had a significant effect on
the fresh weight of herbage yield. It is likely that there wa
a higher fresh weight variation due to spacing treatments than
due to cutting treatments. Consequently, yields of fresh

weight in the range of 1562-5437 kg/ha. and 1714-4084 kg/ha.

27.

5
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FIGURE 2 EFFECT OF CUTTING AND SPAQING TREATMENTS

ON FRESH WEIGHT AND DRY WEIGHT OF
HERBAGE YI!ELD

[l FRESH WEIGHT

6000
B DORrRY WEIGHT
* D.M. % %*22:4
5000
22.7
[
% 21.8
4000+ ™ 5.7
s jLsD
21.7
3000+ {LS.D
2000+
21.7
1000
o L.S5:D
1.S.D
o b ¢ d a9 h
CUTTING SPACING
a- first high cut e- 30X30CM = 100 PL/m?
b- first low cut f- 20X20CM = 44 pL/m2
c- second high cut g- 15x15cm = 25 pL/m?2

2
d- second low cut h- 10X10 CM = 11 pL/m
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were recorded for spacing and cutting treatments respectively.
In cutting treatments, low cnutting or late cutting
gave a significantly higher F& of herbage than early or high
cutting treatments. The highest F. of herbage yield of h084
kg/ha. was obtained from the second lo* cut {cut at full
flowering staze and at 1 cm. above the ground) while the

lorest herbage yield of 171% kg/ha, was obtained from the first

e

hiph cut {(cut at flowering bud stige and at 7.5 cm. ahove the

=}

Irrespective of the spacing treatment, the gragphs in
Figure 2 illustrate that maximuwn fresi wed ot yield (5437 kz/ha.)
wag reached when plants were grown at a1 spueing of 10x10 cm.
(100 plants per s;. metre). Conversaly lowsst herbage yield

(1551 ko/ha.) was oblained from the widest sgpacing of 30x30 cm,
(11glants per sa, metre). It was observed that when plants
spacing was decreased from 3Cx20 em. to 1%21Y om., fresh herbuge

yiel: of lucerne w»as wore than doutlel.

. s - T A
2w Yy fJeisht (Da)

The relationship between cutting and 5 acing effects

[

and dry weight

% s egsentially similar to thit obtained with

fresh weight resultls (Figure 2). The resunlts indicate that

Plant spacing plays a more important role in affecting herbage

dry weight than cutting height and the stage of ulant development.
With regard to cutting treatments, the highest yield of

910 kg/ha. (means of ! spacings) was obtained when lucerne was

cut at the flowerin; staie and at the ground level (second low

cut). The mean lowest yield (383 kg/ha.) was obtained when

plants were cut at the bud stage and at a height of 7.5 cm.

(first nhigh cut). The other interesting point to emerge from

these results is that irrespective of the stage of plant
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development at the time of cuttins, cutting to gronnd level
cave a significantly higher dry matter yield than when plants
were. cut at 7.5 ém. height at a comparable stage of plant
development.

In relation to spacing effect, the dry matter herbage
yiel: ohtained from each spacing was significantly different.
Results ranged from a dry matter yicld of only 325 kg/ha. at
the widest spacing (3Cx3C cm,) up to 1215 kg/ha. at 10x1C cm.
spacing. DOry matter herbage yield was therefore inversely

proporticnal to plant spacing.

3. Dry Matter Percentage

Flant spacing had a significaent effect on the percentage
of dry matter in the herbage whereas the effect of cutting
treatments were not significantly different. [Ihe resvlts =now

that plants grown at a close spacing produced herbaze corntairing

a significantly higher DM percentage than those grown at a wide

(%]

espiacing. Conseguertly, dry matter percertajges of 22.%7 and 22.7
were recorded at the 10x10 cm. and the 15x15 em. spacings
respectively compzred with values of 2C,8. and 21.15 from plant

P

spacings of 30x30 cm., and 2020 cm. resypsctively.
DISCU3SION

1. Effect of Cutting Treatments on Herbase Yield

In terms of herbage yield and time and height of
cuttirg, results show a similar trend for both Fi and DY,
Cutting 2t the bud stage (12 weeks after sowing) gave a
significantly lower herbage yield (both of F# and DW) than when
cutting was delayed until plants had reached the full flowering
st;ge (16 weeks after sowing). These results agree with those

of Cowett and Sprague (1962), Leach (1968), Petrovski (1974)

—t
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and Birch et al (1976) who found that cutting lucerne at a more
mature stage (early flowering to past bloom stage) resulted in

3
4

141

o
4

rher dry matter herbage yield than cutting at a younger =stage
(vegetative and bud stage). These differcrces may be dus to
variation in plant size and the number of shnots and Lrunches

which had developed before cuitting. 1n the present study,

observations indicated thzt ths size and nunmber of shoots and

branches increased as plants approachoed maturdity. The zize of
plants at 16 weeks was muell greater th Lt 12 weeks. Lhe size
and number of shools and brarvches greatly influehce herbuge
yield per unit ars (Cowett and Sprague (1962) snd Leach
(196257,

The: number of years that a lucaras stand Bss bheen

At be positively correlates with nlint develppment
3 3 i E

lowering stage in the seeding ysnr »z2re =mot illy srosn even
though there wxas 2 bhig increase ir plarl size during the

ir this experiment.
Hany workers have reported that more miture plunts
contain a higher p=ercentage of fibre than younger plants

(Woodman et al (1933), Crowder et al (196C), .Jeir et al (1960),

o

[

Birch et (1976) and Grigoryan et al (1977). although a

higher herbage yield (dry weight) was observed when lucerne in
the present study was cut at the full flowering stage, the dry
matter percentage results did not show any significant increase
or difference between herbage of different ages. However, it

is also important to bear in mind that high feeding quality in

connection with high levels of digestibile protein is more
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likely to be obtained when plants are cut early (at bud stage)
as reported by Woodman et al (1933), Crowder et al (1960),

deir et al (1960), Birch et al (1976) and Grigoryan et al (1977).

2. iEffect of i'lant Density on Herbage Yield

Close spacing favours hign herbage yield (both ¥u and
D4) whereas lower herbage yield occurs as plant population
per unit area is reduced. This result supports the work of
Cowcttlahﬁ Sprague (1962) who reported thst herbage yield of
lucerre obtained from a plant density of JC plunts per sq.

metre was significantly higher than that obtained from a plant

density of 10 plants p

1]

r sq. metre., It also sugports work by
FPalmer (1971) that in the first year, a gseeding rate of .28
ki/ha. gave a sigpificantly lowver herbass yield than hisher

seeding rates (1.12 = 4,48 kg/ha.). & »oscible explanition

for low herbape visli at low plant density purticularly

Firel year stands mzy lis in the fact that thers 12ve Leen
ffizient time Far an incresse in individuszl plsat size ta

compengite for a decre4se In plant number p=r Wait area.,

Iherefore, under such gituvations, herbage yield por urit ares

is more likely to be determined by the nuwher of plants per unit

area rather than by yield per plant. Lt is interesting also to
rote that in studies of plant density effects on herbage yield,
ralmer (1971) found the significant difference of herbage
yield obtained from different plant densities in a seeding
year. However, he did not find any difference in herbage yield
in a second year harvest taken from the same area. Therefore,
in studying the effect of plant density on herbage yield the
plant age effect may need to be taken into account.

The results of this experiment show there was an

increase in herbage yield with an increase of plant density
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which reached a maximum at a plant population of 100 plants

per sg. metre (10x10 cm, spacing)., It is of particular interest
that the increase of herbage yield was more gradual when plant
density was increazsed from hh ts 100 plants per sj. metre

(15%15 cm. and 10%x10 cm. spacings) than when the plant dernsity
was incressed from 25 to Uk plunts per s3. metre (20x20 cm. and
15%15 cm, spacings). 1t is possible however that maximum
herbage yield of lucerne per unit =srea might be reached at a
population density of less than 100 plunts per sy. metre. If

this is so, the asymptotic curve of vegelative growth rreviously

.-Iz-. -

proposed by Holliday (1950) and =lso found by Jonald (1951) and
Aspinall and [ilthorpe (1959) could be sprlied to the vegetative
growth cvrve of lucerne in the seeding veur of this study.

Differerces in thz dry matter gercentage of herbajge

(%1}
L |
o

i
M
T

found at different plant spacings
differences in the gpopulstion of plant pirts present. although
the partition of leaves and stems was not deternined separkately,
ohservations indicaved tnut plints growssa utbt the clossst spacing
(10%x1C cm.) tended to produce more stalks with few side bronches
and fewer and smaller leaves. Individual plunts grown at the
wider spacings (20x20 cm. and %0x30 cm,) developed more
extensive and expansive branches and leaves. 3Such observations
Sstress the influence of spacing on plunt development, and may
help to explain differences in the percentage dry matter of

Plants from different population densities recorded in the

present study.

CONCLUSION
In a first year lucerre crop early cutting (bud stage)
results in less herbage yield than when cutting is delayed

until the crop has reached the flowering stage.
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Severe late cutting, although it results in high herbage
yield should be avoided since it causes the removal of the
terminal portions of developing basal shoots. 1f late cutting
is carried out a high residual stutble sho=ld be left. Such a
cutting regime still allows high herbage yields but at the same
time avoids damage to the crown shoots.

Flant spacing has a more pronournced effect on herbage

vield than the height of cutting and the stage of plant
development at the time of cutting. Close spacing favours
increases in both fresh weight and dry weiht yields per unit
area as well as dry matter percentapge. Herhage yield per unit
area seems to depend more on the number of plants per unit area
than on yield per plant. To obtain muximum herbage yield per
unit ures in a first year lucerne crop glunts should be grown
at a poprlation density higker than ' planls per s3. meire und

up to 100 plants per sy. metre.
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B. SEED CROP PRODUCTION

LITERATURE REVIEW

1. The Effect of Cutting on Seed Yield and Yield Components

The seeding year of lucerne is commonly known as the
year of plant establishment (development of both root and top
growth)., Hadfield (1952) considered that this was a critical
period of lucerne growth especially during the first summer and
winter and cutting should be strictly avoided except where
weeds were predominant. The suitable time for cutting lucerne
plants for both herbage and seed yield varies from place to
place and from year to year since seed production depends largely
on environmental conditions or geographic area and is favoured
under more sunny days irrespective of bee activity (Abu-Shakra
et al 1977). According to Hadfield (1952) New Zealand farmers,
after the seeding year cut lucerne in November for herbage and
then leave the regrowth to produce a seed crop. He stressed
that a lucerne crop should not be cut at all during the winter
if it is required for a subsequent seed crop. However, in
relation to the suitable cutting time for seed production, some
farmers in the Blenheim district have observed that in some
years the highest seed yield of lucerne is obtained when plants
are cut in December, but in other years it is achieved following
cutting of plants for hay in January.

Unfortunately there has been a limited amount of work
carried out on this aspect previously. Nevertheless, work by
Abu-Shakra et al (1977) in Lebanon on the effects of cutting
lucerne for forage purposes on subsequent seed yield, tends to
contribute a great deal in this aspect. Their results showed
that seed yield was greatly reduced when 3 or 4 forage harvests

were taken before the crop was allowed to seed compared to the
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situation when plants were allowed to run to seed following

only 1 or 2 forage harvests. Seed crop taken following 1 or 2
forage harvests resulted in 4 times more seed per unit area

than the yield from crop taken following 3 or 4 forage harvests.
Similarly Melton (1973) reported that the highest seed yield of
lucerne was obtained from a plot in which one harvest for

fodder was taken before harvesting for seed. It is unfortunate
that in these experiments the researchers did not appear to

have an uncut control to compare the seed yield of cut and

uncut treatments. However, their results still show the
deleterious effect of cutting on subsequent seed yield
particularly where a high number of cuts are practiced before
the seed crop is taken. Abu-Shakra et gl (1977) also explain
that the seed yield reduction, where 3 or %4 forage crops were
taken before setting seed, could possibly be due to the
depletion of root reserves resulting in low plant vigour. They
further suggested that the number of cuttings for forage taken
before seeding markedly reduced the number of pods per raceme,
They did not record any significant difference in the number of
seeds per pod due to forage harvesting in first year crops but
there was a significant effect in the second seed crop. Therefore
the number of seeds per pod is unlikely to be a sensitive
component of seed yield except when plant vigour has been reduced
in second year crops following extensive cutting for forage. In
addition, Rincker et al (1977) investigated the effect of
clipping 3 red clover cultivars on seed production. They
indicated that removing a hay crop in all cultivars resulted in
a subsequent seed yield reduction. Clipping also reduced 1000
seed weight of two cultivars and decreased the number of seeds

per head in one cultivar.
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2. Effect of Spacing on Seed Yield and Yield Components

Generally, the relationship between reproductive yield
and plant density is a parabolic curve in most of the species
studied. In the investigations by Donald (1954), it has been
shown that subterranean clover and wimmera grass both showed
the same response irrespective of seed productiorn. ZEventually
high seed production is gained at moderate plant densities and
declines thereafter. Grimes and Musick (1960) stated that in
a reasonably dense stand of sorghum, the individual plant may
increase in size to make use of growth materials. Sparse
plants are unable to expand sufficiently to fill the gaps
between plants and cannot fully utilize growth factors, resulting
in a lower overall yield.

Some confusion appears in the literature about whether
wide spacings favour high seed production per unit area in
lucerne. Beran (1966) found that highest seed yield of lucerne
was achieved when planis were grown in double rows (12.5 cm.
between rows) 45 cm. apart compared to plants grown at closer
spacings in single rows 12.5 cm. apart. Similarly, work by
Mozhaev and Luzko (1975) in the U.5.S.R. has shown that the
average 4 year lucerne seed production was 620 kg/ha. when
plants were grown in rows 60 cm, apart compared with only 420
kg/ha. when plants were grown in rows 15 cm. apart. Conversely
however, when lucerne plants were grown at wide spacings, it
has been reported by some workers that seed yield reduction
occurs. For instance, Antoniani (1971), grew lucerne for seed
with 30, 45, 60 and 100 cm. between rows, and densities of 10,
6.2 and 4.8 plants per sq. metre. Seed yield was increased with
increased distance between the rows from 30-60 ¢m. but decreased

with both increases in plant density and when the distance
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between rows was greater than 60 cm. The same trend was
observed by Ibraimov (1973). 1In addition, Abu-Shakra et al
(1969) suggested that a square planting of 50x50 cm. gave a
higher seed yield than other spacings (50x25 cm. and 50x75 cm.).
From the work available it is 1likely that the optimum row
spacing, to give maximum seed yield in lucerne is approximately
560 cm. depending on the variety and the environmental
conditions occurring where the plants are grown.,

It is commonly found by researchers that different
species or varieties have a different growth habit.
Consequently it might be expected that there are varietal
differences in seed yield components irrespective of plant
density. This statement has been applied to some varieties
of soybeans (Lehman and Lambert (1960), Vicia faba (Hodgson
and Blackman (1956) and lucerne (Zambrana (1973). In this
connection Hinson and Hanson (1962) sugpested that late
varieties of soybean are more successful at wide spacings,
increases in height, pods per plant and branches per plant
enabling them to utilize available growth materials more
efficiently than early varieties. In addition, it was suggested
by Roberts and Kenney (1912) as cited by wWidstrom (1969), that
a thick planting was more beneficial for small varieties while
a thin planting was preferable for large varieties. 1In the
case of lucerne, Zambrana (1973) reported that to achieve
maximum seed yield the variety Galilee needs to be grown at a
spacing of 60x60 cm., while the Gilboa variety requires to be
grown at 30x30 cm. Hodgson and Blackman (1956) found that the
optimum density to give maximum seed yield was 35-45 plants per
sq. metre for the spring type of Vicia faba. Apart from the

varietal effect, it was also found that optimum plant densities
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varied from season to season due to climatic conditions.

It is assumed that a high degree of competition exists
when plant density is too high. As a result of this, a high
rate of plant mortality is found (Palmer (1971) and Wynn-Williams
and Palmer (1974), Besides plant mortality, stalk barreness also
occurs. It was reported by Donsald (1954 ) that at a very high
population density of wimmera grass (22783 plants per sq. metre)
the percentage of sterile tillers increased to 66%, while at the
low and moderate densities (12-195 plants per sq. metre) all
the tillers produced heads. Similar results were found in
corn by Center and Camper (1970). Giesbrech {(1969) reported
that the effect of plant density on the percentage of barren
plants in corn became more pronounced when the growth material
was limited. Robinson et al (1964) suggested that other
disadvantages of a very high population density are the cost
of extra seeds required and an increase in lodging percentage.

Plant population should be defined not only in terms of
the number of plants per unit area but also by the arrangement
of these plants on the ground (spatial or plant rectangularity)
(Willey and Heath 1969). The arrangement of plants and
planting patterns in the field may influence the degree of
competition between adjacent plants. Hoff and Mederski (1960)
suggest that an equidistant planting may reduce competition
between the roots of adjacent plants for water and nutrients
and therefore should increase crop yield. Egquidistance may
also provide a vegetative canopy which results in good
conservation of soil moisture and high efficiency in the
utilization of solar energy. Work by Robinson et al (1964) with

corn and Koldaev and Abduvalier (1974) with lucerne indicates the
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important role of plant arrangement on seed crop yields even
though it is unfortunate that only a small amount of research
work is currently available on this aspect.

Rossister (1959) showed that competition of subterranean
clover plants for water grown as single plants or in swards was
the major factor responsible for seed yield reduction. He noted
that when there was a soil moisture stress during the flowering
period of single plants then flowering was delayed by 1 month
compared with situations where plants were grown in swards.
Zambrana (1973) reported that the flowering time of lucerne
plants was delayed when they were grown at a high plant
density of 15x15 cm. Hodgson and Blackman (1956) suggested
that flower production in Vicia faba was less sensitive to
charge in plant density than pod production. In other words,
the intra-plant competition amongst flowers during seed setting
is more critical than in the period of flower initiation. ®Since
this species is self-pollinating, variation in percentage of
seed set should be mainly due to internal factors. In an
extremely dense stand the competition at the time of floral
primodial formation is so intense that, there is a reduction
in the number of inflorescences per plant and the florets per
inflorescence is reduced in the case of wimmera ryegrass
(Donald 1954).

It is often found by researchers that at wide spacings,
individual plants have the greatest number of flowers, pods and
seeds. This statement holds true for Lolium and Trifolium species
(Donald 1963), Lupin (Withers et al 1974 and Withers 1975),
Vicia faba (Hodgson and Blackman 1956), beans (Bennett et al
1977) and lucerne (Beran 1966)., The data of Bennett et al (1977)

on dry bean (Phaseolus vulgaris L.) gives a very clear picture
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of this aspect. Their results revealed that the number of pods/
plant was reduced from 17.7 to 6.6 when plant densities increased
from 17 plants to 63 plants per sq. metre. Similarly, Stickler
and Wearden (1965) found in sorghum that the number of heads per
plant varied from 0.87 to 4.50 at plant densities ranging from
25.8 to 3.3 plants per sg. metre.

Apart from the three yield components already mentioned
there are other yield components which influence seed yield.
Beran (1966) found in lucerne plants that at the widest spacing
of "9 cm. between rows, plants produced more branches and had a
greater number of pods and seeds per branch, than plants grown
at a close spacing. This suggests that plants compensate for
low density of plants by increased development. A similar
finding was reported with soybean plants by Lehman and Lambert
(1960).

Whether or not seed weight is altered by plant density
depends on the plant species. It has been reported by Reiss
and Sherwood (1965) that seed weight of soypbean was affected by
plant density. They found that the heaviest seed was obtained
at widest spacings of 100 cm. and 80 cm. row widths or at a
seeding rate of 53.5 kg/ha. while lightest seed was obtained
from plants grown in 20 and 40 cm. row widths. However,
according to their results seed weight did not seem to have a
ma jor effect on overall seed yield since the row width of 100
cm. produced the heaviest seed but did not give the highest seed
yield per unit area. Similar effects with soybean have been
shown by Lehman and Lambert (1960). However, Stickler and
Wearden (1965) noted only a minor increase in seed weight of
sorghum as stand density decreased. 1In contrast to this,

Donald (1963) stated that seeds of Lolium and Trifolium species
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were smaller when grown at wide spacings. This was possibly due

to high intra-plant competition during seed development as there
were a great number of inflorescences per plant. Nevertheless,
changes in seed size of Vicia faba were not noted when plants

were grown under different spacings (Hodgson and Blackman (1956) ).

Number of seeds per pod appears to be an unimportant
yield component in many species and/or varieties at different
plant densities. Unfortunately, the current literature on this
aspect of lucerne was not found. However, Hodgson and Blackman
(1656) reported that there was no change in the number of seeds
per pod in Vicia faba when plants were grown at different
spacings.

When considering all seed yield components on grain
yield of sorghum per unit area there seems to be a compensation
between components such as number of fertile inflorescences per
unit area and number of seeds per head. This compensation
results in a constancy of seed yield despite changes in plant

densities (Stickler and Wearden 1965).

3., FPollination

It has been reported by Umaerus and Akerberg (1959) in
Sweden, Pedersen (1962), Gladstone (1970) and Johnston (1970)
in U.S.A. and Palmer-Jones (1966) in New Zealand that lucerne
seed production is generally relatively low and uncertain,
failure of seed production being often attributed to problems
of ineffective pollination. It is estimated that only about 10%
of lucerne flowers grown in the major seed production districts
of New Zealand are pollinated even under conditions of high
density bee populations (Palmer-Jones and Forster (1965) and
Cook (1974) ).

Lucerne in the field may either be self-fertilized or
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cross-fertilized. Hadfield and Calder (1936) believe that
there are zones in which either self-fertilization or cross-
fertilization is dominant. They have shown that in the
Palmerston North district, 56% of pod set resulted from self-
fertilization under open-pollinated conditions. In contrast
to this, Knowles (1943) reports an average of 94.2% cross-
pollination in a lucerne field in Saskatoon. There is
agreement among workers that self-fertility in lucerne plants
is an undesirable characteristic. Since it generally results
in reduced seed production {(Hadfield and Calder (1936),
Knowles (1943) and Umaerus and Akerberg (1959) ) and to a lesser
degree in reduced vegetative vigour (Hadfield and Calder (1936),
Tysdal (1940), Busbice (1968), and Free (1970) ). This concept
has been proved by investigation by Knowles (1943) that self-
fertilization in lucerne plants resulted in 1.65 seeds per
flower while cross-pollination gave 4,60 seeds per flower.
Cooper et al (1937) claimed that failure to set selfed seed in
lucerne might be cuased by lack of fertilization or by abortion
of the proembryo. An average of 9.3 ovules per flower is
normally found in lucerne. Among these, seed setting ranged
from only 2.1 to 3.1 ovules per flower (Cooper et al 1937).
Honey bees (Apis sp.) are of great importance in
pollinating legumes (Bohart and Todd 1961). However, they are
more valuable in lucerne seed production when they collect
pollen rather than when they collect nectar (Pedersen 1953).
Most workers (Vansell and Todd (1946), Bohart and Todd (1961),
Palmer-Jones and Forster (1965), Nye (1970) and Cook (1974) )
agree that honey bees are known to visit lucerne mainly for
nectar often without touching the tripping mechanism. By doing

so, the flowers are rarely tripped although there may still be
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some chance of cross-pollination where honey bee numbers are
abundant (Hadfield 1952).

The alfalfa leaf cutter bee (Megachile EB') is considered
to be a very reliable pollinator of lucerne. As the leaf cutter
bee has a habit of working during earlier periods of the day
and at lower temperatures than honey bees, there seems more
likelihood of success from their introduction into lucerne fields
under low summer temperatures in New Jealand than with other
species (Knowles 1943), Farmers in the Blenheim district depend
greatly on leaf cutter bee populations to obtain high yields of
lucerne seed, This type of bee does not live in a colony but
tends to live in close proximity to its neighbour. It is an
advantage that the leaf cutter bee is able to be housed in a
man-made dwelling. The transport of eg; cells from place to
place by man is also convenient. Only the female bee is
effective in pollination, the male bee always takes nectar
without tripping the flower. The female leaf cutter bee is
very hard working collecting small leaf pieces and petals to
make cells for the larvae as she lacks glands to produce wax
(Hobbs 1973).

Hadfield and Calder (1936) have also suggested that the

bumble bee (Bombus terrestris) is also a most efficient

pollinating agent for lucerne. Unfortunately low population
numbers often limit lucerne seed production. Consistent
tripping and pollinating is always a feature of the activity
of this species. However, it is unlikely that seed yields can
be increased by keeping bumble bees since their colonies
generally consist of less than 100 individuals (Bohart and

Todd 1961).




Ls,

RESULTS

1. Influence of Cutting on Plant Recovery and Seed Yield

Effect of cutting on seed yield per unit area. The results of

mean values for all cutting treatments are presented

graphically in Figure 3. It has been shown that cutting has a
significant effect on seed production. Cutting lucerne plants
after they had commenced reproductive development in a first

year crop always depleted seed yield. The data collected shows

a highest mean seed yield of 83.8 kg/ha. from the control

(uncut) plot and a lowest mean yield of only 4.5 kg/ha. from the
second low cut (plants cut at ground level 16 weeks after sowing)
(Appendix &4).

Time of cutting and stubble height were both responsible
for seed yield reduction. Of these two factors time of cutting
tended to have the greatest effect on seed yield. The data
revealed that seed yield was reduced by 3 - 5 times when plants
vere cut at the bud stage (12 weeks after sowing) whereas the
reduction was as much as 12 - 19 times compared with the uncut
control when plants were cut at the full flowering stage (16
weeks after sowing). Therefore the latest cut resulted in the
lowest seed yield. VYield reduction due to the time of cutting
is also obvious when comparisons are made between the yields of
the first high cut and the second high cut (4.4 times) and
between the first low cut and the second low cut (3.5 times).

The results further show that seed yield from the first
high cut was twice as high as from the first low cut. 1In
contrast to this, less obvious differences due to height of
cutting were detected at the second cut. This implies that when
plants are cut at the bud stage, leaving a stubble height of

7.5 cm. is preferable to cutting at ground level.
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Effect of cutting on seed yield per plant. The mean values of

yield per plant obtained from various cutting treatments are
presented graphically in Figure 4. The results show that the
effect of cutting on seed yield per plant was essentially

similar to that on seed yield per unit area. Figure 4 shows

that plants from the uncut control plot gave the highest seed
yield of .851 gm. per plant. There was a considerable decline

in seed yield per plant from the control to the first high cut
and the first low cut. The reduction became more gradual between
the second high cut and the second low cut. Nevertheless cutting
at a height of 7.5 cm. seemed to result in less seed yield
depression than cutting plants to ground level at a similar

stage of plant development.

The relationship between cutting treatment and seed yield

components. Since cutting had an extremely depressing effect

on both seed yield per plant and per unit area, it was
imperative to further investigate the various components which
govern seed production. In this experiment 11 components of
seed yield were examined. It was found that some components

had a major effect on seed yield, some a minor effect and others
had no effect at all. Hence greater emphasis should be given

to those which had the more pronocunced effect on the seed yield

production. Mean values of each component are presented in

Table 1.
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A SUMMARY OF MEAN EFFSZCT OF CUTTING ON SEED
YIELD COMPONENTS (RAW DATA APPENDICES 6-16)

YIELD COMPONENTS

SEED PER

PLANT

NUMBER

POD NUMBER PER
PLANT

NUMBER OF CLUSTERS
PZR PLANT

MAXIMUM FLOWERS
PER PLANT

% OF SHCOTS
PRODUCED SEED

REPRODUCTIVE
SHOOTS PER PLANT

TOTAL SHOOTS PER
PLANT

1000 SEED WEIGHT

NUMBER OF FLORKTS
PER FLOWER

NUMBER OF SEED
PER POD

NUMBER OF PODS PER
CLUSTER

CUTTING TREATMENTS

CONTROL FHC FLC SHC
%66 224 116 88
* a b c d
166.4 84,3 43.9 36.3
a b c e
36.4 16.3 9.1 8.0
a b c (&
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24 .1 27.9 25.2 25.8
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110 8.6 10.0 10.8
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2095 2.81 2.65 2.94
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3.95 4,3 4,34 4,28
a a a a

Figure in any column followed by the same letter do

differ significantly at 5% level.
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It appears from the results that cutting (time of cutting
and cutting height) had a depressing effect on all seed yield
components except number of pods per cluster and to a lesser
extent on the number of seeds per pod and total shoots per
plant. Plants from the uncut control gave the highest number
of seeds per plant (366) whereas plants cut at the second low
cut (cut late and at ground level) yielded only 4l seeds per
prlant. This reduction in the number of seeds per plant was
caused by both time of cutting and cutting height. In Table 1.
seed numbers per plant fell from 224 in the first high cut to
88 in the second high cut (a reduction to one third) but a
significant reduction occurred between the first high cut (224)
and the first low cut (116) (a reduction to nearly half).

Like the number of seeds pér plant, it is to be noted
that the number of pods, clusters and maximum number of flowers
per plant were drastically reduced by cutting. (Table 1,

Normally the number of flowering shocots are considered
to be a fundamental factor affecting overall seed yield, since
this factor affects the potential of a crop for the subsequent
development of flowers, pods and seeds per plant. There was a
definite relationship between cutting treatments and both the
percentage of shoots that produced seed and the number of
reproductive shoots which formed. Both of these parameters
were significantly higher in the uncut control than in any of
the cutting treatments because of the depression in reproductive
shoot growth and subsequent development caused by the physical
removal of herbage. This effect became more pronounced with
later cutting treatments.

Significant differences in both the number of total shoots

and reproductive shoots were found when plants were cut for
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herbage before seed production. The total number of shoots
formed per plant was slightly increased following cutting. On
the other hand cutting caused a great depression in the number
of reproductive shoots per plant. Generally, the effect of
early (bud stage) and high (7.5 cm.) cutting was not as severe
as the effect of late (flowering) and low (ground level) cutting.
Apparently the first high cut removed only some of the
reproductive shoots whereas the first low cut removed twice as
much. When cutting was delayed until the flowering stage
(second cut), nearly all the reproductive shoots were removed
particularly in the case of low cutting. (Plate 7).

PLATE 7
DIAGRAM OF CUTTING DAMAGE TO THE PLANT
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It is of particular interest to note that cutting not
only reduced the number of reproductive shoots but also
restricted the percentage of total shoots which subsequently
produced seed. In other words cutting seemed to stimulate the
growth of vegetative shoots and to depress reproductive shoot
development. This effect was more pronounced in the SLC where
only 7.94 of total shoots were able to produce seed heads
compared with 23%.5% from the uncut control (Appendix 12).

1000 seed weight was found to be reduced with both the
time and severity in cutting (Appendix 13). Control plots gave
heavier and larger seeds when compared with seeds from cut plots
particularly at the latest cut. However this seed weight effect
seemed to contribute less to seed yield reduction, greater
effects being attributable to greater numbers of seeds per plant
rather than increases or decreases in individual seed weight.

Treatment effects on the number of florets per flower
and the number of seeds per pod showed only a minor influence on
seed yield. These values were less consistently influenced by
cutting (Appendix 14).

One of the parameters found not to be important in seed
yield was the number of pods per cluster, which was almost the
same in every cutting treatment (Appendix 16). This was the only

seed yield component which was not affected by management.

Pod set
TABLE 2.
EFFECT OF CUTTING ON PERCENT POD SET
CONTROL FHC FLC SHC SLC
MEAN TOTAL FLOWERS PER PLANT 47,8 22.9 13,5 20.1 9.
MEAN TOTAL CLUSTERS PER PLANT 26,4 16.3 9.1 8.0 L

3
.8
PERCENT POD SET 76.2 71.1 67.5 39.8 51.6



952,

A comparison between the total number of flowers per
plant and the number of clusters per plant provides information
about the percentage of pods setting seed. Data in Table 2
suggests that the percentage of flowers that set pods was high
(76.24) in the uncut control plot and that this percentage
decreased when plants were cut for forage before being allowed
to run to seed. Lowest percentage of pod set (39.8%) was found
in the SHC., When a comparison of this value was made between
the early cut and late cut, results suggest that percentage of
pod set is consistently lower following late cuts than early

cuts.

2. Influence of Spacing on Plant Behaviour and Seed Yield

Effect of spacing on seed yield per unit area. Within the range

of plant densities used in this experiment (11 - 100 plants per
sq. metre), the results suggested that spacing had a tremendous
effect on seed yield. To compare the spacing effects the data
was pooled over all cutting treatments (Figure 5). The plant
spacing of 30x30 cm. produced an average seed yield of 45 kg/ha.,
20x20 cm. was slightly reduced at 43 kg/ha. 3eed yield was
sharply reduced at 15x15 cm. (16 kg/ha.) and 10x10 cm. plant
spacings (10 kg/ha). The data therefore shows that seed yield
per unit area was reduced as the distance between plants became

smaller (Appendix 4).

The interrelationship between spacing and seed yield per plant.

Significant differences in seed yield per plant were detected
between plants grown in different spacings. A reduction in seed
yield per plant was noted when spacings were reduced. Average
seed yield per plant for all spacing treatments are shown in

Figure 6. Plants from the widest spacing of 30x30 cm. produced
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a yield of .741 gm. per plant (Appendix 5). This seed yield

was reduced 2, 5 and 11 times when plant spacings were reduced
from 30x30 c¢m. to 20x20 cm., 15x15 cm. and 10x10 cm. respectively.
Observation indicated that the size of plants grown at a 20x2C cm.
spacing was slightly smaller and had a slightly lower numbter of
stems when compared to those grown in 30x3%0 cm. However this
reduction in plant size was more pronounced at spacings of

15x15 cm., and 10x10 cm. Particularly at the highest population

density (10x10 cm. spacing) individual plants were relatively

0

ct

small and tended to have a large number of barren (non-flowering)

j*

stems. The overall results suggest that seed yield per plant

eached or exceeded

&
(¢}

was extremely low when the plant density

L4 plants per sq. metre (Plate 8).

i

PLANTS PER
5Q. METRE 1 25 Ly 100

PLANT 30X30 20X20 15X15 10X10
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The effect of spacing on seed yield components.
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Since differences

in both seed yield per unit area and per plant were noted as a

result of different spacings,

further investigations were carried

out to determine the direct effect of spacing on those seed yield

components which mainly govern seed production.

be many factors involved,

than

others.

Table 3. (raw data Appendices 6-16).

TABLE 3.

A SUMMARY OF MEAN EFF=CT

YIELD COMPONENTS

10.

11.a

POD NUMBER PER PLANT

SEED NUMBER PER PLANT

NUMBER OF CLUSTERS PER
PLANT

MAXIMUM FLOWERS PER
PLANT

REPRODUCTIVE
PER PLANT

TOTAL SHOOTS PER

SHOOTS

PLANT

NUMBER OF PODS PER
CLUSTER

NUMBER OF FLORETS PER
FLOWER

1000 SEED WEIGHT (GM.)

NUMBER OF SEEDS PER POD

% OF SHOOTS PRODUCED
SEED

SPACINGS
20X20 5415
CM CM.
82.1 3547
b c

205 78
b e
118ia 1 9,8
b c
Tl 5.6
a b
o3 543
b c
30.2 2h .3
b o
b.o7 3.6
b c
112 10
a b
1.91 1.82
b c
2.47 2437
b b
1h.2 14,0
a a

There seemed to

OF SPACING ON SEED YIELD COMPONENTS

10X10
GM..

12.3

S22
a

14.5

* Figures in any column followed by the same letter do not

differ significantly at 5% level.

some contributing to a greater extent

The mean values of each component are presented in

L.5.D.

1.3

0.4

2.5

0.4
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The number of pods per plant was found to be the most
sensitive yield component altered by plant spacing.

An examination of the number of pods per plant showed
that there was a major relationship between this seed yield
component and plant spacings. There was a decline in the number
of pods per plant as plant spacing was decreased. This value
fell drastically from 151 pods per plant in the widest spacing
to only 12 pods per plant at the closest spacing. Therefore
this yield component was reduced more than 12 times simply as a
result of alteration in plant population numbers per unit area.

Seed numbers per plant also appeared to be an extremely
important component of seed yield affected by varying plant
spacings. The widest spacing (30x30 cm.) again gave the
highest number of seeds per plant., The mean value of this
comporent (Table 3.) indicates there was a marked decrease from
350 seeds per plant at the widaest spacing to only 38 seeds per
plant at the closest spacing. The rate of reduction in seed
numbers per plant due to the decrease in plant spacing follows
a similar pattern to that obtained for the number of pods per
plant.

Clusters of pods per plant was also considerably reduced
as plant density became more intensive. This component ranged
from 27.7 in the widest spacing down to 4.3 in the closest
spacing, (a reduction of over 600%).

It was also observed that plant density had a significant
effect on the maximum number of flowers per plant. The results
suggest that plants grown at wide spacings tended to produce
more flowers than those grown at close spacings. Flower numbers
per plant gradually fell as plant population per unit area

increased, this reduction being particularly marked at the 10x10
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cm, spacing. Similarly the number of both total and
reproductive shoots per plant was also highest at the widest
spacing and gradually reduced as plant spacings decreased. At
all plant spacings the consistent percentage of the shoots that
became reproductive was within the range of 144% - 16%. The
number of reproductive stems was well correlated with spacing,
ranging from 2 to 5 per plant in the closest and widest
spacings respectively.

The number of pods per cluster and 1000 seed weight
were also decreased with increases in plant population. However
they were shown to have & generally smaller effect on seed yield
production than some other components. The number of seeds per
pod was similar in the wide spacings of 30x30 cm., 20x20 cm.
and 15x15 cm,., but this component of total yield tended to be
higher at the highest population of 100 plants per sq. metre
(10x10 cm. spacing).

The number of florets per flower found in this
experiment varied from 8.9 to 11.2 depending on the spacing
between plants., This component was higher at the 20x2C c¢m.
spacing than at 30x2%0 cm., 15x15 cm. and 10x10 cm. spacings.

The lowest number of florets per flower (8.9) occurred at the

closest spacing (10x10 cm,).

Pod set
TABLE &,
EFFECT OF SPACING ON PERCENT POD SET
30X30 CM. 20X20 CM, 15X15 CM. 10X10 CM.

MEANS OF TOTAL FLOWERS 46,8 34,2 22.9 947
PER PLANT

MEANS OF TOTAL CLUSTERS 27.8 18.1 9.7 L,3
PER PLANT

% POD SET PER PLANT 59.4 52.9 42,3 L4,3
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Mean values of percent pod set per plant are presented
in Table 4. The results indicate that plants grown at wide
spacings (30x30 cm. and 20x20 cm.) tend to result in higher
values of pod set (59.4% and 52.9% respectively). At close
plant spacings (15x15 cm. and 10x10 cm.) a lower percentage of

flowers subsequently setting pods (42.3% and 4L.3%) was noted.

3., Combined Influence of Cutting and Spacing on Seed Yield

The effects of cutting and spacing on seed yield
production have already been investigated separately in the
above section. However the expression of seed yield due to
these two factors could not be completely achieved without

considering their combined effects.

lotal seed yield per unit area. The results of individual

treatments are shown in Figure 7. Considerable variation in
seed yield both within and between treatments occurred. Sczed
yield per hectare varied from 1.7 kg. in the treatment of the
second low cut combined with a plant spacing of 10x10 cm. up to
137.4 kg/ha. in the control (uncut) plot at a plant spacing of
20x20 cm. It is interesting to note that in the control plot,
seed yield per unit area at a spacing of 20x20 cm. outyielded
plants grown at a 30x3%30 cm. spacing by 10 percent. When a
comparison was made between the effects of cutting and spacing,
cutting treatments employed in this experiment tended to cause
a greater depression in seed yield than the spacing effect. A
close investigation of the data revealed that at the 30x30 cm.
spacing seed yield reduction due to cutting was very critical
falling from 124,7 kg/ha. in the uncut plot to 6.2 kg/ha. in the
second low cut treatment. This general effect also occurred at
the other 3 plant spacings. An important feature was that

plants in the uncut control plot reacted differently to the
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FIGURE7 COMBINED EFFECT OF PLANT SPACING AND
CUTTING TREATMENTS ON SEED YIELD PER

UNIT AREA (KG/HA)
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interrelationship between seed yield reduction and spacing
compared with the cut plots. In the uncut control plot the

seed yield per hectare obtained from the 30x30 cm. spacing was
slightly higher than those from 20x20 cm. spacing but seed yield
sharply dropped to 49 and 23 kg. when plants were grown at 15x15
cm., and 10x10 cm. spacings respectively. This showed that the
highest yielding treatment outyielded the poorest one by 5 times
in the control plot purely as a result of altering plant density
per unit area. In the other 4 cutting treatments it appeared
that the rate of seed yield reduction affected by spacing was
quite similar and that the difference between the highest and
the lowest yielding treatments was about 3 times. Therefore it
seems that the effect of spacing on seed yield was more

pronounced in the uncut plot than in any of the cut treatments.

Seed yield per plant. VYield per plant varied greatly depending

on both plant spacing and cutting effects. Highest seed yield
of 1.58 gm. per plant was obtained from the uncut control plot
at a plant spacing of %0x30 cm., lowest seed yield of .20 gm.
per plant was obtained from the closest spacing and the second
low cut (latest cut, at ground level). Yield per plant again
was found to be different between the uncut and cut plots in
relation to the spacing effect.

In the control (uncut) plot, yield per plant increased
with increasing spacing (Figure 8.). <The rate of increase in
seed yield was gradual from 10x10 cm. spacing to 15x15 cm.
spacing, rose sharply when plant spacing was increased from
15x15 cm. to 20x20 cm. and increased again when the interplant
spacing was increased from 20x20 cm. to 30x%0 cm., In all cases
cutting reduced seed yield per plant, later cuts showing a greater

seed yield depression than earlier cuts. Reduction in seed yield
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was also affected by the amount of residual stubble remaining
after cutting, high cuts depressing seed yield per plant less

than low cuts.

Flowering pattern. Numbers of flowers per plant in each

treatment were recorded beginning when sufficient number of
flowers occured. Results indicate that cutting had a profound
bearing on the time of onset of flowering and on flowering
intensity as shown in Figure 9. Both delays in cutting and
lower cutting (at ground level) resulted in later flowering of
the crop e.g. the highest number of flowers recorded from the
second low cut treatment (cut late and at ground level) was
during the second week of March while a similar point was
reached as early as late January in the uncut control plot. It
is likely that the depressing effect of cutting on flowering
intensity seemed to be more pronounced in late rather than early
cut treatments and in the low cut rather than the high cut. As
shown in Figure 9., the number of flowers per plant at each
observation was lower in the cut plots than in the uncut control
plot. Results also indicate that later dates of flowering
shortened the duration of flowering. As a result of a lower
number of flowers recorded at each observation and a shorter
flowering period in the cut plots, the mean number of total
flowers per plant were 47.8, 22.9, 13,5, 20.1 and 9.3 in the
control, FHC, FLC, SHC and SLC respectively (Appendix 17).
Regarding the spacing effect on flowering pattern, the
results show that plants grown at the widest spacing (30x30 cm.)
which had more reproductive shoots and branches produced the
greatest number of flowers per plant. In contrast to this, the
lowest number of flowers per plant occurred at the closest

spacing (10x10 cm.), due to a small plant size with lower numbers
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of reproductive shoots. The mean number of total flowers per
plant obtained from plant spacings of 30x30 cm., 20x20 cm.,

15x15 cm. and 10x10 cm, were 46.8, 34.2, 22.9 and 9.7 respectively
(Appendix 17).

Due to the delayed flowering period occurring in the cut
plots, seeds in different cutting treatments were subjected to
different climatic conditions during seed ripening. Plants in
the control plot ripened during hot and dry weather (maximum:
minimum daily temperatures within the range h2°C:7°C respectively)
(Appendices 2% and 25). Conversely seeds from late cut treatments
(e.g. the second low cut) were ripening during cool and wet
weather (maximum:minimum daily temperatures within the range
25°C:2°C respectively). These different environmental conditions
during the seed ripening period resulted in differences in the
amount of hard seed formed in seed harvested from different
treatments. For example a high percentage of hard seed (87%)
was found in the uncut control plot while lower percentages
(56%-79%) were obtained when seeds from the cut plots were tested

immediately after harvest.

4, Mean Germination and Hard Seed Results from Storage Treatments

Apart from the study of the effects of cutting and
spacing on seed yield, additional tests were made on the effects
of seed storage period on the level of hard seed content. The
germination results obtained from seed samples harvested from
different spacings of the same cutting treatment were similar.

To analyse the data, the mean results of the 4 spacings were
used. Results showing the mean values of seed germination and
hard seed percentage obtained following different storage

periods are shown graphically in Figure 10 (individual treatments

in Appendices 19 and 20). Results indicate that a storage
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period of up te 3 months under amblent temperature and relative
humidity conditions had a significant effect on the reduction
of hard seed content. Apparently there was an increase in the
germination percentage as storage pericd increased. Mean
germination results were 24%, 42% and 51% when seeds were

tested at O weeks, 6 weeks and 12 weeks respectively. In
contrast to this, the percentage of hard seed while initially
high {mean value 71%) decreased as the storage period increased.
The data shows a fall in the mean hard seed content to 43% when

seeds were tested after 12 weeks storage.

DISCUSSION

1. Effect of Cutting on Seed Production

A forage cut before allowing a lucerne crop to run to
seed greatly reduced both seed yield per plant and per unit area.
The deleterious effect of cutting on subsequent seed yield
observed in this study was simllar to that previously reported
by Melton (1973). It also agrees with the findings of
Abu-Shakra et al (1977) even though plants in the present study
were only cut once i,e. at bud stage or at flowering stage.
Results also support Hadfleld's opinion (1952) that in the
seedling year {year of plant establishment of both root and top
growth), lucerne plants should not be cut if a subsequent seed
crop is contemplated in the same year.

Irrespective of cuiting treatment, seed yield in the cut
Plots was mainly a product of reproductive shoots produced as
regrowth of new buds and shoots arising from the ¢rown., The time
of cutting had a more pronounced effect on seed yield than
cutting height., Thils may be due to the effect of environmental
conditions. Time of cutting determined both the flowering time

and flowering duratlon which in turn influenced the degree of
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successful pollination. A reduction of seed yield of 50% in
the second cut compared with the first cut indicates the
reduced yield potential of lucerne plants when cut at the full
flowering stage. Plants in the cut plots particularly under
late cutting were subjected to unfavourable climatic conditions
for both flower production and pollination. The low production
of flowers in the late cut treatment was possibly due to a
photoperiod effect. The lucerne plant is classified as a long
day plant which normally flowers during a long day period as
suggested by Thomas (1967) e.g. lucerne plant requires a 14
hour day to flower successfully (Massengale and Medlar 1958).
In this experiment it was noted that the number of days taken
from cutting to flowering following a late herbage cut was
approximately 4-17 days less than for the flowering following
an early cut and depending on cutting height. The reproductive
growth may not have had sufficient time to reach its full
potential. Subsequently there were fewer flowers produced per
plant.

Cutting lucerne depressed seed yield by reducing
reproductive shoots per plant, percentage of shoots producing
seed, number of flowers, clusters, pods and seeds per plant and
1000 seed weight.

Cutting seemed to stimulate the production of vegetative
shoots by removal of reproductive shoots and hence the
reproductive stimulus, throwing the plant back into vegetative
shoot production. The small variation of reporductive shoots
and a marked difference in seed yield found between the control
plot and the cut treatments indicated that cutting may have
weakened the plant or depressed the yield capacity of each shoot.

Even though the number of seeds or flowers per shoot was not
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recorded, the stems of plants in the uncut control plot carried

more branches and flowers when compared with those in cut plots.
Generally the percentage of flowers setting seed found

in this experiment was rather high (37-76%) when compared to

the results of Palmer-Jones and Forster (1965) who reported

average pollination results of lucerne crops grown in New Zealand

(North Canterbury, North Otago, Central Otago and the Blenheim

district) as approximately 10%. Pollination did not seem to be

a big problem in the production of seed in this experiment,

the number of visiting honey bees from the 12 hives located

within 400 metres being sufficient for such a small lucerne

planting area, It was expected that the leaf cutter bee

(Meiachile EE’) would be the most successful pollinator of

lucerne and one bee hive consisting of approximately 2500 cells

was placed in the field prior to the blooming stage of the

crop. Observations during this stage suggested that the

majority of visiting bees were honey bees (ég}g 52.), both

bumble bees (Bombus terrestris) and leaf cutter bees being far

less frequently observed to be working the crop. It soon
became evident that leaf cutter bees favoured lotus flowers to
lucerne flowers as they preferentually visited volunteer lotus
plants growing adjacent to the experimental area in large
numbers. Therefore it is unlikely that leaf cutter bees were
responsible for successfully pollinating many of the lucerne
flowers in the trial area. One other reason for this suggestion
is that heavy concentrations of honey bees may have resulted in
competitive exclusion of leaf cutter bees from the experimental
area. Such an effect has been previously suggested by Bohart
et al (1955), cited by Free (1970). This suggests that if it

is desirable to ensure that leaf cutter bees work efficiently
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in lucerne fields, it could be advantageous if the planting
area is located some considerable distance from honey bee hives.
Reducing the extent of competing blooms in areas adjacent to

the lucerne field during blooming period is another way of
increasing lucerne pollination efficiency as suggested by
Vansell and Todd (1946), Bohart (1957), Todd and Crawford (1962)
and Free (1970).

Low seed yield in late cut plots was caused by both a
low percentage of seed set and lower numbers of flowers making
plants less attractive to bee visitation. Also the cold and
moist weather during flowering may have influenced the flying
hours of bees as previously suggested by Tysdal (1940).
Therefore a suitable time for cutting irrespective of flower
production and pollination results needs to be considered if a
high seed production is required. The percentage of flowers
setting seed was quite high in the control plot where flowering
occurred in January. HResults suggest the hot and dry climatic
conditions in the month of January in 1978 were favourable for
bee activity in the Manawatu area. This effect seems to agree
with statements of farmers in the Blenheim area, that in some
years seed yields of lucerne is high when plants were cut in
December.

The differences in seed yield between plots cut high or
low at the bud stage of development and subsequently allowed to
run to seed indicates the influence of stubble height on
subsequent seed yield., The seed yield potential from low cut
plots was more depressed than the high cut. There seem to be
two possible factors involved. The first is the potential
amount of reproductive shoots already present at cutting. The

other is potential for subsequent regrowth of new buds and
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shoots. The size and number of buds and shoots occurring at the
crown of the plant before flowering suggests that with cutting
at a height of 7.5 cm. at the bud stage, the material removed
consists mainly of mature vegetative and reproductive shoots.

By contrast cutting to ground level at this stage also removes
some of the new basal shoots, with resultant reduction in
recovery potential.

Apart from the effect of reduction in yield potential
removed at the time of cutting, observation indicates that plants
in the high cut plots resumed growth faster than those in low
cut plots. This was shown by the fact that flowering in the
first high cut plot commenced 2 weeks earlier than the flowering
of regrowth from the corresponding low cut plots. Rate of
plant growth was more vigourous when a stubble height of 7.5 cm.
was left rather than when cutting height was reduced to 1 cm.
from the ground. Leaving a high stubble height at cutting seems
to be of advantage in connection with the amount of residual
leaf or leaf area index. JLhis enables plants to resume growth
faster than when all leaves are removed by cutting as reported
by Cowett and Sprague (1962). The other advantage of leaving
a high stubble is that it provides more available sites for the
initiation of reproductive shoots and hence large number of
flowers per plant. This is in agreement with the work of Cowett
and Sprague (1962) and the findings of Shakenov (1970) that
reproductive shoots were produced mainly from the axillary buds.
However, no appreciable difference in seed yield between the
second low cut and second high cut may be due to the relatively
low yielding recovery potential of plants as a result of being
cut late and then subjected to unfavourable environmental

conditions for growth,
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A reduction in the number of pods, clusters and seeds
per plant due to a decrease in the number of flowers per plant
and a low percentage seed set was the major deleterous
influence of cutting on subsequent seed yield. This supports
the results of Melton (1973) and Abu-Shakra et al (1977) that
cutting reduces the number of pods and seeds per plant.

The reduction in 1000 seed weight as a result of cutting
observed in this experiment agrees with the results of Rincker
et al (1977) with red clover. However, seed weight does not
seem to be such an important factor governing seed yield as
seed numbers per plant.

The consistency in the number of pods per cluster found
in this experiment does not agree with work by Melton (1973) who
recorded a reduction in this yield component when plants were
subjected to 3-4 forage cuts before running to seed. The
differing results may be due to the plant weakening effect of
forage cutting which results in lower numbers of florets per
flower and possibly a lower percentage seed set. This effect
is unlikely to be so important in the situation where the lucerne
crop is cut for forage only once before a seed crop.

In the present study the number of seeds per pod was not
affected by cutting treatments. This agrees with the results

of Melton (1973).

2. Effect of Spacing on Seed Yield

It is generally accepted that seed yield per unit area
is a function of the production of seed yield per plant and the
number of plants in that area. Plant density has been shown to
have a marked influence on plant behaviour and finally seed
yield per plant. When studying the effect of plant density on

seed yield, the understanding of plant competition is of prime
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importance. The micro-environment around each plant is known
to be altered when there is a change in plant density as reported
by Donald (1963).

Results from this study indicate that wide spacing
favours high seed yield per plant. The results are therefore in
agreement with those of Withers (1975) on lupin. When lucerne
plants were grown individually at a 30x30 cm. spacing it is
likely that no inter-competition occurred after sowing. As a
result plants were taller and expanded in size by developing
more branches, shoots flowers and seeds. In contrast to this,
plants grown in a more dense population or close spacing
(particularly at the spacing of 10x10 cm.) were subjected to
intense interplant competition immediately after sowing. At the
10x10 cm. spacing plants were so close together that each
individual plant did not have enough space to fully develop its
plant parts successfully. In such situations plants were
relatively small, spindly and were quickly exhibiting signs of
low vigour due to inter-plant competition.

With regard to seed production per unit area, it is of
particular interest that plants in cut plots and the uncut
(control) plot responded differently to changes in plant densities.
In the control plot where cutting was not imposed, plants grown at
a spacing of 20x20 c¢m. gave the highest yield per unit area whereas
in the cut plots, a spacing of 30x3%0 cm. between plants resulted
in highest seed yield. Results indicate that there was a slight
decrease in seed yield per plant when lucerne plants were grown
at a 20x20 cm., spacing compared to those grown at a 30x30 cm.
spacing. However the differences in the number of plants per
sq. metre between these two spacings was great. Therefore,

the lower seed yield per unit area obtained from a 30x30 cm.
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plant spacing was mainly due to a lower plant density effect.
The results found in this study, therefore suggest that an
increase in seed yield per plant from widely spaced plants
(30x30 cm.) was insufficient to compensate for the decrease in
low numbers of plants in unit area. The same relationship
between seed yield per unit area and plant density has been
previously observed in subterranean clover and wimmera ryegrass
by Donald (1954), in sorghum by Grime and Musick (1960); in
corn by Prime and Schroder (1964); and in lucerne by Abu-Shakra
et al (1969), Antoniani (1971) and Ibraimov (1973). At high
plant densities (L44-100 plants per sq. metre), the increase in
plant number per unit area was insufficient to compensate for
the reduction of seed yield produced by poor individual plants.
Apart from low seed yield per plant, stalk barreness (non-
flowering stems) was a main characteristic and a disadvantage
of the dense population. This latter aspect supports the
results of Donald (1954) on wimmera ryegrass, Giesbrech (1969)
and Center and Camper (1970) on corn.

The optimum plant spacing to give optimum seed yield
in this trial, particularly when lucerne plants had not been cut
before producing seed crop, seems to be closer than those found
by many researchers (Beran (1966), Abu-Shakra et al (1969),
Antoniani (1971), Ibraimov (1973) and Mozhaev and Luzko (1975) ),
who recorded an optimum row spacing of 45-60 cm. apart. The
difference between these results might lie in the fact that in
this trial the seed yield data was obtained in the first year
following sowing. Lucerne seed producers generally state that
old lucerne stands often yield more seed than new stands. This
may be partly due to insufficient time for full plant development

in the sowing year. It may also be a reflection of reduced plant
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denéity in stands used for seed production in subsequent years.

It is also likely that different cultivars of lucerne
need to be grown at different spacings to give maximum seed
yield. Zambrana (1973) reported that the optimum spacing to
give maximum seed yield of cv. Gilboa and cv. Galilee were 30x30
cm. and 20x20 c¢m. respectively. The the present experiment
lucerne cv. "airau gave a maximum seed yield per unit area when
grown at a spacing of 20x20 cm. in the seeding year provided
plants were not cut for herbage before producing a seed crop.

As discussed in the previous section, plant density
has a great influence on plant behaviour. Consequently many
researchers have found that seed yield components of certain
species vary with changes in plant density. Generally, it might
be expected in the legume family that the number of flowers,
pods and seeds per plant are the most important yield components
contributing Lo seed yield. However, it should also be borne
in mind that the number of flowers are determined by the number
of reproductive shoots. These are influenced by stand density
and also by climatic and management factors, many of which are
not fully understood.

The result of the relationship between the number of
shoots and plant density found in this experiment supports the
findings of Abu-Shakra et al (1969) and Dovrat et al (1975) that
plants grown in wide spacings produced more shoots and branches
than those grown at closer spacings. The most important point
to emerge from the plant spacing effect was that spacing caused
effects unlike cutting which had no influence on the percentage
of shoots which became reproductive. It was evident that
plants in each spacing produced the same ratio of vegetative

and reproductive stems although the total shoot numbers per
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plant was reduced by plant spacing. The important feature of
the close spacing was to depress both the total number of
vegetative and reproductive shoots. This characteristic has
been regarded as a main disadvantage of high plant density.

It has been suggested by Thomas (1967) that seed yield
capacity of the lucerne plant is dependent on the initiation
and development of flower primodia, satisfactory pollination
mechanisms and agents, fertilization and seed development. The
result of the current study agrees closely with this statement.
Apparently, besides the number of reproductive shoots produced,
the number of flowers per plant and percentage of flowers
setting seed seems to be fundamental factors governing seed
yield.

In relation to flower production Donald (1954) claimed
that the sparse plant of wimmera ryegrass grown at a wide
spacing produced more flowers per plant. A similar result with
lucerne was observed in this study. Plants in all spacings of
the same treatment commenced flowering at the same time. This
indicates that flowering time of lucerne grown in this trial
was not affected by spacing treatment unlike the finding of
Zambrana (1973) that flowering time in lucerne was delayed
when plants were grown at a high population density.

With respect to the percentage of flowers setting pods,
there was a trend that plants in the widest spacing had a
higher percentage of pod set than those grown at close spacings.
These results are in close agreement with Zaleski (1963) and
Pedersen and McAllister (1955) as quoted by Wynn-Williams and
Palmer (1974). One explanation for this might be that plants
growing at wide spacings are more attractive to bees perhaps

because such plants produced flowers with more nectar and high
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sugar concentration.

Cooper et al (1937) reported that an average 9.3 ovules
per flower are normally found in lucerne. The percentage of
seed set reported by Knowles (194%) is approximately 1.65 and
4,60 seeds per pod for self-pollinated and crossed-pollinated
lucerne respectively while Dovrat et al (1960) reported that
the number of seeds per pod in lucerne ranged from L.bL - 6.3
depending on growing season. In the present experiment, although
the number of ovules per flower was not determined, the number
of seeds formed per pod recorded at harvest ranged from 1.9 - h.4,
The higher numbers of seeds per pod found in the close spacing
in the present trial was possibly due to the fact that plants
in the close spacing produced fewer flowers and a lower
percentage of pod set. As a result of few pods per plant and
few pods per cluster, intra-pod competition should be reduced,
allowing the production of higher number of seeds per pod.

This result however does not agree with the findings of Hodgson
and Blackman (1956) in beans. Nevertheless, the number of seeds
per pod is not regarded as a important seed yield component
governing ultimate seed yield in lucerne,

Individual plants from wide spacings produced higher
numbers of pods and seeds than plants from close spacings.

This agrees with the result of Beran (1966) on lucerne and is
apparently true for other species such as subterranean clover
(Donald 1954), lupin (Withers 1975), Vicia faba (Bennett et al
1977) and also with members of the grass family such as Lolium
(Donald 1954), and sorghum (Stickler and Wearden 1965). It is
also interesting to note that variations in the number of pods
per plant in this experiment has been shown to be almost

entirely due to the effect of different plant spacings.
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Plants in the wide spacings resulted in heavier seed
than those grown at close spacings. The same trend has
previously been observed in soybean by Reiss and Sherwood
(1965) and Lehman and Lambert (1960). Nevertheless, the
findings in this experiment contrasts markedly with Donald's
{1963) work where he reported that Lelium and Trifolium seeds
became smaller when grown at wider plant spacings. Donald
suggested that the possible explanation may be that, this is a
result of intra-seed competition during seed development. This
situation is unlikely to occur in the case of lucerne since
pollination is still a limiting factor to the amount of seed
produced. These results however do not agree with work reported
by Hodgson and Blackman (1956) in which they did not find any
changes in seed weight in Vicia faba grown at different plant
spacings.

Folleowing consideration of all seed yield components,
it appears that little compensation between seed yleld components
such as number of pods or seeds per unit area and number of pods
per plant, exists in this species where there is a change in
rlant density., However there is a variation in seed yield per
unit area with changes in plant population.

It was also noted in the present study that a plant
spacing of 20x20 cm, was the minimum spacing suitable when work
such as thinning, weeding and harvesting were done by hand. The
wide spacing of 30x30 cm. seems to be conducive to greater weed

infestation than when plants are grown at a closer spacing.

3. Effect of Harvesting Time on Germination and Hard Seed

Percentage
Both time and height of cutting altered the time and

duration of flowering in lucerne. Plants in each treatment
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(control, FHC, FLC SHC and SLC) were pollinated at different
times and were thereby subjected to different environmental
conditions during seed development. Results show that time of
harvesting had a significant effect on both germination and
hard seed percentage. The control (uncut) plot gave the highest
percentage of hard seed (87%). A decrease in the hard seed
percentage occurred in all other treatments. Differences in
the percentage of hard seed seem to be due to an environmental
effect. The ripening of seeds from the control plot occurred
during the period from 10 March to 15 April, when weather
conditions were hot and dry. The delayed flowering imposed by
cutting treatments resulted in plants flowering under
progressively cooler and moister environmental conditions.

Such conditions resulted in protracted seed development. Such
situations stress the need to grow lucerne for seed production
in areas which have reliably warm and dry weather extending
into the autumn, particularly if lucerne seed production occurs
under a cutting and seeding type of management system. Under
the cool and wet conditions occurring during later stages of
seed development and ripening some sprouting of seed in the pod
was commonly observed. This result agrees with the findings

of Hyde (195L), Abu-Shakra (1969), Pacuta (1976) and Win Pe
(pers. comm. 1967) that dry conditions during seed development
(ripening stage) result in a high percentage of hard seededness,
while cool, wet conditions not only reduce the level of hard

seededness but may also result in seed sprouting prior to

harvest.

4, Effect of Storage Period on Germination and Hard Seed

Percentage

Mean germination results of hand harvested lucerne seed
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significantly increased after storage for 6 weeks and 12 weeks
respectively. Hard seed percentage dropped from 71% at the

time of harvest to 43% after storage for 12 weeks. This decrease
of hard seed content is of significance, indicating the marked
effect of temperature and relative humidity (in the range of
11°-24°C and 43%-72% RH respectively) on the softening of the
seed with time. These results appear similar to previous
findings with subterranean clover, that the daily temperature
cycle (Quinlivan 1965) and fluctuations in soil temperature
(Hagon 1971) are important in the breakdown of hard-ssededness
in legume seeds. Hagon (1971) further suggested with
subterranean clover that under natural conditions fluctuations
in soil temperature cause expansion and contraction of the seed
coat causing softening due to fracturing of the testa at the
strophiole site. Possibly a similar effect occurs with lucerne.
It is probable that under field conditions when seeds are buried
in soil, the role of relative humidity and moisture is involved
along with soil temperature in assisting the softening of hard
seed. It is reasonable to assume that fluctuations in both
relative humidity and temperatures accelerate the rate of
expansion and contraction and finally fracturing of the seedcoat.
Satisfactory laboratory germination results (over 95%) when
lucerne seeds were tested following mechanical scarification

(up to 15 psi for 1 minute) implies that the hard seed condition
in this variety of lucerne is a shallow type, which is easily
removed. Results also suggest that the seeds of lucerne used

in this study do not have a prolonged period of dormancy.

CONCLUSION

The capacity of lucerne plants to produce maximal seed

yield is directly associated with the number of reproductive
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shoots, branches, flowers per plant and percentage seed set
resulting in high numbers of pods and seeds per plant. These
components of seed yield are greatly affected by cutting and
spacing treatments. To obtain high seed yield of lucerne, the
proper spacing and cutting management is of prime importance.

Wide plant spacings favour high seed yield. Seed
yield per unit area depends mainly on seed yield per plant but
is also affected by the number of plants per unit area. To
produce seed successfully lucerne plants must be grown at wide
spacings to obtain vigourous plants. Such plants tend to
develop more reproductive shoots, flowers, pods, seeds and
heavier seeds and also appear to be amenable to higher levels
of pollination. There is apparently nothing to be gained in
the production of lucerne seed by using sowing rates which lead
to high densities (44-100 plants per sq. metre), since close
spacing results in large number of small plants with a low
seed yield potential and also many barren (non-flowering)
plants. To maximise seed production in the lucerne cultivar
"Wairau'" plants should be grown at a wide spacing of approximately
11-25 plants per sg. metre,

Cutting weakens the plant and severely depresses
reproductive stimulus particularly in the case of low cuts
(1 cm. above the ground). This is reflected in the development
of fewer reproductive shoots, pods and seeds per plant. The
results of cutting treatments suggest that lucerne plants in
the seedling year should not be cut at all if maximum seed
yields are required. In a situation where hay production is
necessary prior to seed production results indicate that cutting
lucerne early (at or before the bud stage) and at a height of

7.5 cm. causes less depression on plant recovery and ultimate
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seed yield. Cutting delays flowering and plants may be
therefore subjected to less favourable environmental conditions
during pollination and seed development. Cutting lucerne at
the right time to allow flowering to occur during a time of

the year when hot, dry weather is most likely, should be one

of the aims to produce high seed yields.

To obtain a better understanding of the effect of
spacing and cutting on lucerne seed yield, further experiments
should be carried out on established lucerne stands after the
seeding year. It would be expected that optimum spacings for
maximum seed yield might well differ from those found in the

present study in the year of establishment.
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4, SEED DEVELOPMENT

INTRODUCTION

Most researchers agree that seed development is concerned
with those processes and stages occurring during the period from
pollination until the seed is fully formed and ready for harvest.
This development is accompanied by physiclogical changes in seed
moisture content, seed weight, germination capacity and chemical
changes in biochemical substances. lhe most important aspects
of seed development which contribute a great deal to yield at
the time of harvesting are seed maturity and ripeness. Several
studies have been undertaken to determine the stage of maturity
and ripeness of different crops in order to guide seed growers
in deciding when crops are at the correct stage for harvest and
therefore to obtain maximum quality and quantity seed crops
(Hyde (1950), Shaw and Loomis (1950), Anderson (1954), Hyde
et al (1959), Stoddart (1964a and 1964b) and Hill (1971) ).
However, less is known about seed development of lucerne.
Apparently little published data has been reported on the length
of time required from pollination until seed maturity or ripeness
under field conditions in this species. The objective of the
present investigation was to study changes in moisture content,
fresh weight and dry weight of lucerne during seed development.
In addition the relationship between stages of seed development
and seed quality including germination capacity and the

percentage of hard seed was also investigated.

LITERATURE REVIEW

It is necessary to clarify the terms '"maturity" and
"ripeness" since they are considered an important feature in
seed development studies. The point at which maximum dry weight

is first obtained is defined as "morphological maturity"
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(Anderson 1954) or as "physiological maturity" (Shaw and Loomis
1950). Commonly however, researchers simply use the word
"maturity'" to describe the point at which maximum dry weight is
first obtained. The ripening stage refers to a stage occurring
from seed maturity until the seed has dried to a moisture
content in equilibrium with ambient relative humidity (Hyde et al
1959) or to a moisture content that is suitable for harvesting
(Hi1l 1971).

Careful studies on seed development of white clover,
red clover and perennial ryegrass (Hyde 1950, Hyde et al 1959)
have provided a very gorod guide for later researchers. These
studies have shown that both grass and legume species follow
the same pattern in three major stages of seed development. The
first or growth stage occupies the first 10 days after flowering
during which time the rate of growth is rapid (determined by
cell division in the embryoc and seedcoat) and the moisture
content is high (75-80% of wet weight). The food reserve
accumulation stage follows during which the rate of growth is
determined by the rate at which food materials are transferred
from the parent plant for accumulation in the developing seed.
During this stage seed weight increases, reaching a maximum by
the end of the stage which lasts for 10-14 days. Moisture
content decreases to approximately 40%. The ripening stage
normally lasts for 3-7 days. This final stage involves a fall
in moisture content from about L40% to equilibrium with the
surrounding atmosphere. It is expected that the same pattern
of seed development could be applied to most species but the
duration of time occupied by each stage may vary with both the
species and seasonal conditions.

Changes in moisture content, seed weight, biochemical
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substances, pod or seed colour and germination capacity during
seed development of some agricultural species are of particular
importance. Previous work often shows a close relationship

between seed maturity and changes in these parameters.

1. Moisture Content

A good relationship between stages of seed development
and seed moisture content has been reported by a number of
investigators (Hyde (1950), Grabe (1956), Griffifth et al (1967)
and Hill (1971) ). Generally, high moisture content (70-804) is
a characteristic of young seed in the early stages of seed
develcpment, This decreases as seeds go into an advanced or
ripening stage of development. The convenience of assessment
of moisture content renders it a desirable and widely used method
among farmers for determining seed maturity and correct harvesting
time of crops. For instance, bromegrass has been reported to be
mature at a moisture content of 47% (Grabe 1956); and white
clover at 63% (Hyde 1950). However, when using moisture content
as a guide for maturity or harvesting Griffifth et al (1967)
and Hill (1971) agree that there are twc aspects which farmers
should be aware of - the relationship between moisture content
and the percentage of seed viability may vary with growing

season and also precipitation may alter the values obtained.

2. Seed Weight

The fresh weight of individual seeds increases with an
increase in seed age (number of days after pollination) reaching
a maximum at the time of seed maturity. After this point seed
fresh weight decreases as the seed loses moisture until it
reaches equilibrium with the ambient air relative humidity.
However, the dry weight of individual seeds seems to be widely

used among researchers to monitor seed development. For example,
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an investigation by Chow and Crowder (1974) on Desmodium

species shows that a maximum seed weight (maturity) is gained

in this species about 28 days after flowering. Since there is
often a good correlation between seed weight and the number of
days after pollination, some researchers determine seed maturity
and harvesting time in terms of this criterion. Al-Tikirty

et al (1974) reported that the mean number of days reqguired

from pollination to seed maturity in crownvetch (Coronilla
13513) ranged from 59.3% days for plants pollinated on July 15,
1969, but only 45.7 days for those pollinated on August, 1970.
They explained that this difference of 14 days in the seed
development period was due to differing environmental conditions,

particularly rainfall and low temperatures.

5. Eiochemical Changes

The chemical constituents of seeds are mainly
genetically controlled but may also vary with environmental
conditions. Besides the normal constituents which are commonly
found in ordinary plant tissues, there are storage materials
which are mostly found in seed. Carbohydrates, lipids and
proteins are the three major seed constituents. Carbohydrates
are mainly starch and hemicellulose, legume seeds generally
containing more of the former than the latter. Lipids in seed
can be in the form of either fats or oils. Protein in seed is
different from other seed constituents because it is
characterized by a high nitrogen content and most proteins are
metabolically active (Mayer and Poljakoff-Maber 1975).

During food reserve accumulation, a large quantity of
carbohydrate, free sugar and amino acids are translocated to
the seed. In grass species the level of both total soluble

sugars and amino acids rises sharply during the first phase of
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seed development, decreasing gradually thereafier and becoming
stable at the point of harvesting. Therefore stable levels of
these compounds can provide a good indication of physiological

ripeness (Stoddart 1964a and 1964b, Griffifth et al 1967).

L, Colour Changes

There is a good correlation between the stage of seed
development and colour changes in the pod, seedcoat, pericarp

and glumes (Hyde et al (1959), Griffifth et al (1967) and Hill

-

971) ). Hore studies on this aspect have been carried out for
grass species, less being known about such changes in legumes,
particularly in the case of lucerne. According to Griffifth

et al (1967) colour changes in perennial ryegrass during seed
development is mainly due to variations in chlorophyll and
anthocyanin content. Hyde et al (1959) sugpested that the onset
of colour changes starts at the second stage of seed development
before seed is mature and hence is a sign of approaching
maturity. Young red clover seeds are light green in colour

and become yellow or cocloured with red or purple pigments when

0

they are well developed (Hyde et al (1959) ). 1In this species

they found that colour changes begin about 18 days after flowering
and are completed about 24 days after flowering. However, the
evidence found by Hyde et al (1959) and Stoddart (196Lc) that

in some years seedcoat of grass seed was still green at maturity
suggests that colour changes alone cannot always be used as a
reliable indicator for seed maturity. The more recent findings

of Hill (1971) that changes in seed colour are affected by
environmental conditions during seed development i.e. loss of
greeness in grass seed was quicker under hot conditions

than under humid conditions, lends strong support to the above

statement.
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5. Viability of Seed

According to Hyde et al (1959), seeds of most species
have the ability to germinate at the beginning of the food
reserve accumulation stage. They reported that white clover
seed was first found to be viable 12 days after pollination.
Subsequently there was a rapid increase in viability and 100%
of the seeds were viable when harvested 14 days after
pollination. One of the characteristics of legume seeds tc be
noted is the development of hard seed. It has been reported
that hard seed formation first appears in red clover and white
clover 14 days after pollination (Hyde et al 1959), and 17 days
after pollination for Desmodium (Chow and Crowder 1974). The
number of hard seeds formed increases with seed age, rising to
a maximum 25 days after pollination for white clover (Hyde 1950)
and 24 days after pollination for Desmodium (Chow and Crowder

1974 )«

6. Effect of Seed Age on Seedling Performance

The most valuable property of agricultural seed is the
ability to maintain a high germination capacity during storage
and to produce vigourous seedlings in the field. Studies on
seed development of most plant species show that maximum
viability of seed can be obtained before maturity. However if
seeds have to be stored for any length of time before sowing or
to ensure the production of vigourous seedlings, it is necessary
that seeds be harvested after maturity. Mature seed contains
more food reserves than immature seed, hence it can retain
germination capacity for a longer period. In relation to this,
Hyde (1950) reported that white clover seed 13 and 24 days old
showed germination percentages of 5% and 79% respectively after

storage under unfavourable conditions at 99°F and 70% RH for




88.

one month., Irrespective of seedling vigour he also noted that
immature white clover seeds produced smaller seedlings than
mature seeds. When seeds were sown at a depth of 4 cm. he
reported that 37% of seedlings (from 2! day old seeds)
penetrated through this depth while none of the seed removed
from plants 12 or 14 days after pollination were unable to

emerge from this depth.

7. Hard Seed

According to Hyde (1954) the word "hard seed'" refers to
seed which fails to imbibe water within a standard testing
period. Mayer and Shain (1974) suggested that the hard seedcoat
affects germination by providing an impermeable layer to water,
interfering with various processes such as gaseous exchange and
obstructing the diffusion of endogenous germination inhibitors.
The inability of seed to germinate secems to have more
disadvantages in farm practice than advantages, particularly
when it causes uneven germination and subsequent seed crop
contamination. The condition of hard-seededness is a
characteristic of the ripe seed of the majority of leguminous
species, especially the small seeded legumes, and also occurs

in some other plant families e.g. Malvaceae, Connaceae, Geraniaceae

Chenopodiaceae, Convallariaceae, Convolvulaceae, and Solanaceae

(Crocker and Barton (1953).

Hard-seededness has been shown in some instances to be
a genetic factor but the effect of environmental conditiocns on
the plant during seed development also influences the level of
hard seed content in seed lots (Nutile and Nutile (1947),
Moorley (1958) and Mayer and Shain (1974)). The extent to which
hard seed occurs varies with species, site of plantation and

growing season, Abu-Shakra et al (1969) and Pacuta (1976)
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reported that higher percentages of hard seed in lucerne are
found in seeds developed under dry conditions than wet conditions.
The occurrence of hard seed content in commercially harvested
seed lots in lucerne may vary within the range 5-65% compared
with 20-100% for hand threshed seed (Bolton 1962).

The findings of Hyde (1954) throws considerable light
on the mechanism of hard seed development. They indicated that

the onset of hard-seededness in some Papilionaceae begins during

the ripening stage. As the seed dries, nearly 90% of the
moisture in the seed passes out through the palisade epidermis
and its cavity cuticle. Permeability decreases when the seed
moisture content is approximately 25% and the seedcoat becomes
impermeable at 14% moisture content. Further loss of water is
through the hilum which is a one way valve, opening or closing
according to differences in moisture tension between the counter
palisade and the epidermis cells. There was some confusion in
the past about the causes of seedcoat impermeability. It has
long been known that the malpighian or palisade layers obstruct
the inward passage of water (Hamley (193%2) and Martin and Watt
(1944) ). Recent work by Ballard (1973) however has also shown
that the suberized regions of malpigian cells persist well
below the light line to deep levels and are the main barrier to
water entry.

The condition of hard-seededness can be removed by
several means, thereby enabling normal germination to occur.
Under field conditions the daily temperature cycle is a
causative agent in softening impermeable seed (Quinlivan (1965)
and Hagon (1971) ). The same role of temperature in reducing
hard-seededness might be expected to operate under storage

conditions since the air relative humidity during storage also
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plays an important role on breaking hard-seededness. Nutile
and Nutile (1947) and Owen (1956) agree that hard seed in
certain species can be rendered permeable at will by increasing
the seed moisture content by storage under high relative

humidity conditions.

RESULTS

Mean values of changes in the physiological components
fresh weight (FW), dry weight (DW), weight of moisture (M) and
moisture percentage at different seed ages are graphically

shown in Figure 11.

1. Fresh Weight (FW)

Ten days after pollination, F¥ of individual seeds was
as low as .23 mg. (8% of final value). From this point, seed
weight increased markedly during the period 10-22 days after
pollination. FW of individual seeds was .43 gm., when harvested
1% days after pollination and .91 mg. 16 days after pollination.
At the 22nd day, F¥ had reached 2.79 mg. (Appendix 21). From
the period of 22-40 days after pollination, there was a more
gradual increase when compared to the period up to 22 days.
Maximum individual seed fresh weight of 4.5 mg. was attained
40 days after pollination. Following this peak, FW was found
to decrease owing to a loss in moisture. In this experiment
the period of moisture loss occurred from 41 days up to 75 days
after pollination, the final FW of individual seeds being

recorded at 2.22 mg.

2. Dry Weight (DW)

Mean seed dry weight was 0.09 mg. when harvested 10 days
after pollination. Changes in seed dry weight with time (seed

age) shows essentially the same pattern as changes in fresh
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weight during the period up to 40 days after pollination. It
has been shown in Figure 11 that maximum mean dry weight of
individual seeds (1.89 mg.) was obtained 40 days after
pollination. Following this point, the value of seed dry weight
remained relatively constant. Therefore lucerne seed is
considered to be physiologically mature at 40 days after

flowering.

%. Moisture Content of the Seed

In this section, moisture content of the seed is
exprressed as both the actual weight of moisture present in the
seed and moisture content percentage (wet basis). Changes in
seed moisture content can be described as a rapid increase
from about 0.17 mg. on the 10th day after pollination to 1.92
mg. per seed by the 22nd day. It is interesting to note that
the highest seed moisture content was reached 37 days after
pollination (a few days before maturity). Subsequently there
was a decrease in moisture content as the seed entered the
drying or ripening stage.

When considering the seed moisture content in terms of
percentage (wet weight basis), it is generally found to be
relatively high (70-75%) during the period between 10-37 days
after pollination. The highest value of 78% was recorded 19
days after pollination. After this point there was a decrease
in % m.c. At maturity (the point of maximum dry weight) the
seed moisture content was approximately 58%. Seeds seemed to
dry out very slowly, the time taken for moisture content to
fall from 70% to 14% was up to 38 days. The daily temperatures
recorded during the first few days after maturity were high.
The weather then became cooler, minimum temperatures ranging

from 20-1200 and maximums between 16° and 2?°C. Maximum
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relative humidity ranged from 93-100%, with minimum values
between 34-82%, There were also 15 days when rainfall was more

than 1.00 mm. during this stage (Appendices 23, 24 and 25).

4, Changes in the Appearance of Seed and Pod

A careful examination of pods and seeds showed that
during the period from 10-19 days after pollination, pods were
relatively small and green in colour and contained small green
seeds which were very soft. Between 23 and 31 days after
pollination both pods and seeds enlarged although the pods were
still green.

Pod colour began to change from green to yellow 34 days
after pollination. At this stage the seedcoat was quite firm.
At seed maturity (40 days after pollination), it was noted that
approximately 50% of the pods harvested were yellow, the
remainder green and the seeds were relatively large. Seedconat
colour was equally distributed between yellowish-greern and
greenish-yellow categories.

Pcds harvested 49 days after pollination, ranged in
colour from yellow to dark brown except for a small number which
still showed traces of greeness.

At the final harvest (75 days after pollination), all
pods were black and the seedcoat was relatively firm. At this
stage of seed development seedcoat colour was variable between

yellow and brown. No green seeds were observed.

5. Germination Capacity (Normal Seedling)

No seeds harvested 10-19 days after pollination were
capable of germination. The first germination result (3%) was
recorded with tests on seeds which had been harvested 22 days

after pollination. There appeared to be a slow increase in
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germination capacity (3-11%) up to 31 days after pollination
and a marked increase between 32 and 34 days. At seed maturity
(L0 days after pollination) germination was about 95%. Seeds
between 40 and 55 days old tended to show a consistent
germination in the range 95-96%. As there was a shortage of
seed available for study, the final sample tested was obtained
from a harvest 75 days after pollination when the pods were
black to ensure complete seed ripeness. When these seeds were
subjected to a germination test, it was found that 92% produced

normal seedlings with 2% abnormal seedlings and 6% hard seed.

P

6. Viability

Viability results obtained from a tetrazolium test (TZ)
and also as total viability from a germination test are
presented in Figure 12. The interpretation of viable seed from
the T.Z. test was carried out according to the I.S.T.A. rules
for small-seeded legumes. The total viability figure of seed
from the germination test included the sum of normal seedlings,
abnormal seedlings, hard seeds and fresh ungerminated seeds.

The T.Z. test showed that 104 of seeds were viakble 22
days after pollination. The viability of seed removed from
plants 25 to 28 days after pollination rose sharply, the
percentage of viable seeds harvested at 25 and 28 days after
pollination being 70% and 90% respectively. High viability
(96%) was first attained with seed harvested 37 days after
pollination.

Laboratory germination test results showed that viable
seeds (5%) were first found in samples of 22 day old seed.
Total viability of seed increased gradually from 23 up to 31
days after pollination and was greatly increased in 34 day old

samples. While a viability of 88% was obtained 34 days after
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pollination, there tended to be a gradual increase in this value
which reached in excess of 98% in samples of seed harvested 40

days after pollination.

7. Storage Longevity

In addition to the determination of physiological
components and quality of freshly harvested seed, samples of pods
from different harvests were stored in the laboratory for 12
weeks for a comparative study of seed longevity. The germination
results obtained showed a lower germination percentage when seeds
were stored in pods for 12 weeks under ambient conditions (120-
24°C and 42-70% R.H.) than results obtained from seeds germinated
immediately after harvest (Figure 12). This difference is very
small for stored samples cof seed obtained from plants 22-31 days
after pollination. Seed samples 22 and 31 days after pollination

8% respectively., A

Q.

showed a germination percentage of 24 an
peak of germination (L0O-L9%) occurred with seeds which had been
removed from plants 34-37 days after pollination and stored for
12 weeks. Following this peak, there was a subseguent decrease
in germination percentage caused by an increase in the
percentage of hard seed formed. One particular aspect to be
noted is that the onset of hard seed development occurred with
stored seed originally harvested 34 days after pollination. A4s
can be seen in Figure 13, the germination result of seeds
stored for 12 weeks declined from 49% in stored samples of 37
day old seed to 18% in 75 day old seed. On the other hand a
corresponding increase in hard seed content was observed
reaching a maximum (79%) in stored samples of seed harvested 55
days after pollination.

When a comparison was made of seedling size between

tests on immature seed (31 days old) and more mature seed (55
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DISCUSSION

1. Stages of Seed Development

Mean values of individual seed weight suggest that
changes in both FW and D¥ with time are similar. Changes in
seed weight of lucerne during seed development follow three
distinct phases similar to those previously described in red
clover, white clover and perennial ryegrass by Hyde (1950) and
Hyde et al (1959).

In lucerne, the growth stage refers to the period of
seed development up to 22 days after pollination. Seed doubled
its initial weight every three days during this period. A
marked increase in seed size and embryo size was observed during
this period and confirmed the statement of Hyde (1950) that the
rapid increase in seed weight during this stage is presumably
due to cell multiplication in both the embryo and cotyledons.
Zarly in this stage of development the seed has a high moisture
content (77~87%4) and at the end of this stage seed dry weight
was approximately 305 of its final value and 3t of seeds were
capable of germination. This latter aspect does not agree with
the work of Hyde (1950) and Hyde et al (1959) with other species
which showed that no white clover, red clover or perennial
ryegrass seeds were viable at this stage. This may be due to
differences in the rate of seed growth between species and under
different environmental conditions. The rate of growth of seed
22 days after pollination may still be rapid although such seeds
had grown large enough to suggest they may contain small but
sufficient amounts of food reserve material to assist seed
germination.

A more gradual increase in seed weight occurred during
the period from 23-40 days after pollination. This stage of

MASSEY UNIVERSITY
LIBRARY
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growth may be refered to as the food reserve accumulation

stage as termed by Hyde (1950). Maximum seed dry weight was
reached 40 days after pollination. At this point seed was
considered to be physiologically mature as suggested by Shaw
and Loomis (1950). Total viability of seed as determined by a
laboratory germination test increased slowly from 23-31 days
and markedly increased between seed samples harvested 32-34
days after pollination. A high level of seed vaibility had
been attained a few days before seed maturity. The amount of
seed viability is thought to be associated with the level of
food reserve material in the seed. The low germination
percentage of immature seed may be due to infestation by fungi
during testing and by the production of a high percentage of
abnormal seedlings. This latter aspect was particularly evident
when germinating young seeds (31-3" days after pollination)
indicating that the soft embryo tissues can be easily damaged
even when seeds are removed from pods by hand. The degree of
damage appeared to be less when seed was harvested at an older
stage as the seedcoat became firmer. However, when germinating
freshly harvested seed at the time of seed maturity, levels of
abnormal seedlings of approximately 5% were still found.
Changes in pod and seed colour with increasing maturity may be
due to variation in the levels of chlorophyll content as found
in perennial ryegrass by Griffith et al (1967). In the present
study pod colour changed from green to yellow and could be
detected a few days before seed maturity. This agrees with the
findings of Hyde et al (1959) that the onset of colour changes
in grass and legume seeds occurs prior to seed maturity at the
second stage of seed development. However, when colour changes

are used as a guide to harvest suitability the results can be
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misleading since seasonal weather conditions can influence the
onset of colour changes as reported by Hill (1971). At the end
of this stage seed moisture content is still high (58%) and
consequently no hard seed was found when such seed was tested
immediately after harvest.

The ripening stage of lucerne observed in this experiment
was longer than the ripening stage for red clover and white
clover (3-5 days) reported by Hyde et al (1959). Species
characteristics and weather conditions seem to be responsible
for differences in the length of time occupied by this stage.

It appears that seed growth rate in lucerre is not as rapid as
in red clover and white clover since lucerna takes k0 days

after pcllination to reach seed maturity. Weather conditions
during the seed ripening stage werc cool and moist and
pecilination occurred perhaps 6-8 weeks later than would occur

in a normal growing season. In relation to similar weather
conditions Al-Tikirty et al (197") reported that crown vetch
seeds developing during cool and moist conditions reached
maturity 14 days later than seed development in a normal growing
season. On this basis, it would be expected that cold and moist
weather conditions might have a bearing on prolonging the
ripening stage of lucerne. In this experiment the time taken
from maturity (58% M.C.) till seed ripening (14% M.C.) was 35
days. The rate of seed drying was therefore approximately 1.2%

per day.

2., Viability and Germination Capacity

Viable seed results obtained from tetrazolium testing
are initially higher than the values obtained from a laboratory
germination test, Ninety percent of seeds were found to be

viable by the T.Z. tests on seed harvested 28 days after
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pollination whereas the germination test showed only 16% of
normal seedlings. This difference is possibly due to the
presence of active enzyme systems in the young embryo which
although they reacted well with the tetrazolium solution were
insufficient to enable the seed to be germinable. These results
dc not agree with those of Hill and Watkin (1975) who found a
good relationship between T.Z2. test and germination results with

freshly harvested grass species.

3. Seed Longevity

Results from this study indicate that seed quality
components such as total viability, germination and hard seed
percentaze were altered by even a relatively short storage
period. Total viability of young seed harvested 22-34 days
after pollination was much lower after storapge for 12 weeks
when compared with results of seeds tested immediately after
harvest, The rate of germination of young seed tested after 3
months storage was also slower than with tests on freshly
harvested seed. The overall results agree with the previous
work by Hyde {(1950) and Hill and ¥atkin (19%5), that immature
seed is inclined to lose germination capacity more quickly than
mature seed during storage. Their explanation was that lack of
food reserve material in immature seed causes shortened storage
life since seed harvested at this stage has not reached a
maximum dry weight. Another aspect of seed quality in legumes
which is considered important is the hard seed condition.

There is a great difference in the rate of onset of hard-
seededness between freshly harvested seed and seed tested after
3 months storage. No hard seed was found in even mature seed
samples tested immediately after harvest except in seed

harvested 75 days after pollination (6%). However after 3
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months storage it was observed that 45k of immature seeds (34
days after pollination) were impermeable to water. This result
agrees with the work by Win Pe (pers. comm.) on red clover seed
that the onset of hard seededness was observed as early as 14
days after pollination when seed was tested after 5 months
storage whereas hard seed first appeared after maturity (30

days after pollination) when seed was tested immediately after
harvest. The findings of Hyde (1950) in relation to the onset
of hard seed in small seeded legumes do not agree with the
freshly harvested seed results for lucerne in the present study.
However they do agree with the 3 months storage results. bSeed
age (number of days after pollination) is apparently an important
factor governing the hard seed condition. The absence of hard
seed in samples removed from the plant up to 55 days after
pollination and tested immediately after harvest was possibly
due to high seed moisture content (75-L2%)., Hyde (1954 ) has
shown that in red and white clover hard seed developmen!l occurs
us a result of seed drying to a level that causes seedcoat
impermeability (14% in white and red clover). He showed that
the loss of moisture through the palisade layer was the main
cause of impermeability. Thiﬁ situation could explain differences
in the hard seed content of seed of high moisture content tested
immediately after removal from the plant and the much higher
values (up to 79%) obtained when seed was allowed to air dry

to 9-10% seed moisture content during a short storage period.

CONCLUSION

In lucerne the assessment of seed growth rate by the
determination of seed dry weight reveals three distinct phases
during seed development. The growth stage involves the period

up to 22 days after pollination; the food reserve accumulation
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stage occupies the period between 23-L0 days after pollination,
and the ripening stage occupies the period between 41 and 75
days after pollination.

With regard to seed viability at harvest, results from
tetrazolium tests shov a higher value than laboratory germination
test results, particularly in the case of young seed up to 28
days after pollination. GSuch differences were attributed to the
role of fungal infestation and a high proportion of abnormal
seedlings. To ensure high seed quality (high germination
capacity, heavy seed, seed producing vigorous seedlings) it is
necessary that seed should not be harvested until it is mature
(L0 days after pollination).

Storage results of the seed development trial indicate
that immature seed tend to lose viability more rapidly than
mature seed, To maintain high seed quality during storage it
is important that seed be harvested after maturity.

The great differences in the extent of hard-secdednzss
when seed samples of different ages were tested immediately
after harvest (high # MC) and again after 3 months storage
(low ¥ MC) indicate that the amount of hard seed in lucerne is
governed by both seed age (number of days after pollination)

storage conditions and the level of seed moisture content.
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SHC 21.201 214776 22,426 21.401 14701
SLC 20.276 21,157 23,001 22.926 21.839
MEANS FOR
SPACING 20.807 21.057 225682 22,407

b b a a

FACTOR A IS SPACING AND FACTOR B IS CUTTING



APPENDIX 4,

ANALYSIS OF VARIANCEZ OF S33D YI<LD 285 UNZT adf4 (EG/Ha).
SOURCE DF 88 43 F Cal F Réy 1PC P Rig 5PC LSD 1PC LSD 5PC
REPLICATE 3. 280,053 93,351 F.052 h.20 2.79
TREATMINT A o 8066451 17016.512 552.7C5 2P 2.56 5.218 %.923
TREATMENT B 3. 18962.818 £320.972 205,308 4,20 2.79 4,667 34509
AXB INTERACTION 12. 25270.853 2105.90b 6€.101 2.55 1.95 10.436 2.847
SRROR S 1754 ,906 30.787
COZFF VAR = 19.43
MEANS FOR «XB INTERACTIGN Mealid FCR SPACING
CCNTROL FHC FLC BHC SL
30X30 CM. 124.716 55.97k 2L 736 11.9L9 6.1721 44,709 a
20X20 CM.  137.356 44,169 20,401 7o bl 5.061 42.885 a
15X15 CM. 49,659 12.994 7634 5.L79 L.921 16.337 b
10X10 CM, 23,269 13.149 10.59h 2.3881 1.70k 10.313 ¢
MEANS FCR
CUTTING 83.750 o R 7t 15,841 718y L, L5k
a b c d a
FACTOR A IS CUTTING. FACTOR B 15 SFACING



APPENDIX S.

ANALYSIS OF VARIANCE OF 843D YIaLd . ad Lafll AS8/9L).

SCURCE DF S8 NS F CAL F B4 TPC F Ruy SPC LSD 1PC LSD SEC
REPLICATE De 0.Ch41 Qadi3 T.952 b,2¢ 2.79

TREATMENT a b, 6.30C T «575 22% 4290 Za72 2456 C.079 0.059
TREATMENT B 5 54522 T 2hl 262.22% 4,20 2.79 C.070 C.053
AXB INTERACTICN 12. L 148 L LG 43,252 2.56 1.95 0.158 0,118

ZRROR 57. 0.%00 6.007

COEFF VAR = 23.98

MEANS FCR AAB INI<RCTICH NiaNS FOR 3P.CING
CONTROL FHC FLEC SHC 3LE

C.162 0.

0.073 0

0.037 0.155 ¢
a

wun

(38
]
@]
-

0]

30X30 CM. 1.583 1.165 0.5
20X20 CM. 1.322 0.387 0.211
15X15 CM. 0.384 0.168 0.0
10X10 CM. 0.113 0.086 0.06¢

O
-

[ T & R
O

2
o
1
(@]
-
™y

MEANS FOR
CUTTING 0.851 0.451 0.22%

a b o) d e

- s
'5‘1 Qi\-alfl

3
.

FACTOR A IS CUTTING. FACTOR B I3 SPACING




APPENDIX 6.

ANALYSIS OF

VARIANCE OF S58D NUMBZR P33 PLalT,

SOURCE DF 58 NS F Cal
REPLICATE 3. 8884 .327 2951 .42 14769
TRTIATMENT A L, 1074193%,998 268548 ,409 150,426
TREATHENT B 3, 1191658.708 297219.500¢ 227,291
AXB INT=R4CTICN 12. 753570.629 £2797.552 z2.51h
EZRROR 57 95416.625 1€73.975
COZFF VAR = 24,40
MSANS FOR AXB INTSRACTION

CONTROL FEC FLC SJEC
30X30 CM. 667.151 565,426 270.575 15%.126
20X20 CM, 577.251 196,351 110.276 05,626
15X15 CM. 168.001 88.276 7,726 53,426
10410 CM. 53.301 6,576 356.276 %8 . 601

MEANS FOR
CUTTING

FACTOR A IS

366.426 224 . Lo7 115.214 87.945

a b c 3

CUTTING. FACTCR B IS SPACING

F Ray 1FC F REg 5PC L3D 1EC
L,20 2.79
3.72 2.56 38.478
L,20 2.79 3h.416
2.56 1495 764956

NECT R e e o~ R 2
HoaNS FOR SPACING

350.126 a
204,861 b
78.136 ¢
37.595 a

LSD 5PC

28.931
25.876
57.862



APPENDIX 7.

ANALYSIS CF VARIANCE O

SOURCE DF
REPLICATE 2.
TREATMENT A L,
TREATMENT B 3
AXB INTZRACTICN 12.
SRROR 57.
COEFF VAR =

CONTROL
30X30 CM. 327.951
20X20 CM. 231.126
15X15 CM. 87.926
10X10 CM. 18.626
MEANS FOR
CUTTING 166,107

a

FACTOR A IS CUTTING.

F 20!

21.05

L
—
=
€
P
|5

3526.213
220569,961
224252.397
131051 .608

12460.939

MEAN

[€}]
L35]
[a5]

Yo

FHC

207.426
82.251
32.076
15.626

8!; 3 !'15
b

FACTCR B IS

T it _‘.J :{

101.176
37.7C1
24,701

11.976

43,589

c

SFACING

=58 | NEYR
Flialvde

K

—er—‘,-.-._.
Sh LN

L3
:::5

74,251

37.951

24,3576

(n"

-3
N
ry

—

3
4

o
O
-
A%
(=]

W

M A

(B
A1
AN A

A%

-

9]

O

O

el
il

oo =3

)

o
(62

SLC

43,878
21.701
9.351

5.426

xq

REJ 1PC F RE
.20 2
5472 2
Li,20 =2
2.56 1

=] N =3
W v O

L)
U1

} 5EC

LSD 1PC

13.905
12.437
27.81¢C

HIANS FOR SPaCING

=
oo\
s O
Oh = WD

3

N
o
-

.
ha

N 0o
—a

N

Sy OY O

o

w0

LSD 5FC

10.455

9.351
2C.910



APPENDIX 8.

TZR NUMBER PIL2 FLANT.

tn

ANALYSIS OF VARIANCE CF CLU

SOURCE DF 38 143 ¥ gal F Reg 1PC F REQ SPC LSD 1PC LS5D 5PC
REPLICATE 2 e 58,597 19,632 L.bzg h,20 2.79
TREATMENT A Y. 10372.5626 259%,154 5585.913 3,72 2.56 1.979 1.488
TREZATMENT B Fe 6302,167 2100,722 Lol 649 L,20 2.79 1.770 1.331
AXB INTEZRACTION 12, 4178 .5u456 3h8,220 78.679 2.56 1.95 3.957 2.975
SRROR 57 252.273 h, 425
COEFF VAR = 14,09
MEANS FOR AX3 INTIRACTIGN MEaNS FOR 3PACING
CONTROL FHC TLO SHC 3LC
30X30 CM. 62.301 23,401 17.951 15.026 10.001 27.736 a
20X20 CM. 52.626 16.551 3.251 8.251 L,576 18,051 b
15X15 CM, 22.901 9.651 64451 543551 2.301 9.631 ¢
10X10 CM. 7.876 5.601 3.651 2.351 1.951 L.,286 a
MEANS FOR
CUTTING 36,426 16.301 95.076 74395 h,.832
a b c e d

FACTOR A IS CUTTING. FACTOR B IS5 SPACING




APPENDIX 9.

ANALYSIS OF VARIANCE OF MaXIMUHM FI

SOURCE DF
REPLICATS Bs
TRZATMENT A by
TREATMENT B 3
AXB INTSRACTION 12,
ERRCR 59

COEZFF VAR =

CONTRCL
30X30 CM, 16.051
20X20 CM. 17.951
15X15 CM. 12.901
10X10 CM. 5,401
MZANS FOR
CUTTING 13.076

a

FACTOR A IS CUTTING.

3319

17p]
wn

ra
-
0
o
2

- AN D
oy v O
= O

- -
AN
& 0O
na

\¥]
N
N\
L]

=

[®]

-
=
(oS 1]
0o D

NIMBER P
M3
0.996
Jirg oG
2 = LB
127D

MEBANS FOR AXB INTARAETIGHN

FHC

5.551
L,301
2.851
1.751

3.613

c

v

=
kot

7.551
5.601
L,Lgq
3,001

5.151

T
8

SHE

6.757
5. 751
b Lo

2.001

L.724

oc

FACTOR B Is SPACING

X

-

A% ERANY

O It
3

Ls 3]

324 1BC F

;J";EO
3e72
h.2c

2.5

"r‘ » ™
.'.u:\N-_ﬁ L WS

8.%411
7.631
94551
2.901

RZy SEC

(RS TR %)

- .

\n ~a
v O WO

P,
=]

=
-
O
Aol

CEy R
owraGCING

o BoW

o]

o 3 Y
L]

] ND
— —3
o =

.
L
A®!

pe

LSD 5PC

14357
1.285
2.374



APPENDIX 10.

ANALYSIS OF VARIANCE CF TOTAL SHICTS I3 tlLall,

SOURCE DF S8 5 B Cali F 22 1PC F Rs S5PC LSD 1PC LSD 5FC
REPLICATE 3o 33,708 11.2356 0.598 h.20 2.79
TREATMENT A b, 2h1,85¢ §o.b62 3755 %72 2.56 3,774 2.838
TREATMENT B e 4857.088 1519,029 100,582 20 2.79 2,378 2.538
AXB INTERACTICN 12. 292,972 2h  halk 14516 2.56 1.35 7.548 5.675
KRROR 57 917,874 15103
COEFF VAR = 15.21
MEANS POR AR INDTIIAC'TISY YEANS FOR 3PaACING
CCNTROL FHC FLC 370 3L
30X30 CM. 29.251 39.551 3y 376 27151 LC.051 36,075 a
20X20 CM.  31.051 28.801 29,601 28.901 %2.651 30.201 b
15X15 CM. 22,201 27.576 25.251 21.601 24,5626 24,251 ¢
10X10 CM., 13.951 15 . 851 11 .75 18, 56 17.901 14,501 d
MEANS FOR
CUTTING 2h,114 27.945 25.2h5 25,739 28.807
b ab b b a

FACTOR A IS CUTTING. FACTCR B I35 SPACING




APPZINDIX 11.

ANALYSIS OF VARIANCE CF RiPh

SCURCE

REPLICATE

TREATMIEINT A

TREATMENT

AXB INTEZRACTION

ZRROR

COZFF VAR

30X30 CM,
20X20 CM,
15X15 CM.,
10X10 CM.

MEANS FOR
CUTTING

FACTOR A IS CUTTING.

L

CONTRCL

2251
6.601
5.601

3.251

5.701
a

N P

L0 DUGC

2.006
119.197
131,512

13.365
26.758

MIANS

iy

HC

6,401

S22
L.z01

24501

L_614
b

tx

ROk
i Ll

5.201
3151
2.101

FOR AXB INTERCDICN

FACTOR B Is 3PAaCING

571
.256

291 ©
SOPE: 4

20 2.79
2.72 2.56
“.20 2o 79
2.56 135
L3aRE FOR SPACING

LSD 12C

0.54k
0.576

1.289

LsD 5FC



APPENDIX 12.

ANALYSIS OF VARIANCE OF FuRCZNTAGs OF SHCCTS FREDUCLD

By

F REy TPC ¥ Rayq 5PC LSD 1BEC 13D S5FC

&N
b
3
-
i

SOURCE DF S5

."'}8 !"020

REFLICATE 3. 10.257 z, 415 0.3 2,79
TREATVENT A .,  2200.707 550,175 €L, 0Okl 3.72 2.56 2.756  2.072
TREATMENT B 3, 37,336 12, k5 1,549 k20 2.9 2,165 1.854
AXB INTSRACTICN 12, 308,453 25.7¢h 2.992 2.56 195 55713 Lok
LRROR 57« 489.667 5.5%0
COEFF VAR = 20.06

MEZANS FPOR AXB INTSRuCTICN M#AN3 FOR SFaCING

CONTRCL FHC FLG SH

30X30 CM 23,026 16.376 15.C076 1h .02 9,324 15,741
20X20 CM. 21 +351 18.076 10.726 13.151 7776 14,216
15X15 CM. 25.601 15.951 8.301 13701 6.226 13.956
10X10 CM, 2k ,001 164351 16.224% 7576 5,151 1L ,.541

P opop

MEANS FOR
CUTTING 23.495 16.689 12.582 12,4322 7870
a b c [+ qd

FACTOR A I3 CUTTING. FACTOR B I- SPACING




APPENDIX 13.

ANALYSIS OF VARIANCE OF 1000 3:pD &=I3HT (3

SOURCE

REPLICATE
TREATMENT
TREATMZNT

DF

Ze

.’+.

5.

AXB INTSZRACTICN 12.

KRROR

COEFF VAR

30X30 CM.
20X20 CM.
15X15 CM.
10X10 CM.

MEANS FOR
CUTTING

27

379

CONTROL

2575
2.292
2.280
2.109

2.26bL

a

FACTOR A IS CUTTING.

SS MS
0.007 0.00
L, 403 1.10
0.575 0,19
0,042 0.00
C.284 0.0C

MEANS FOR ALB INTZRA

FHC FLC
1971 14915
1.886 1.788
1.820 1773
1.93L 1.854

b c

FACTOR B IS SPACING

L B |

-

N AN

SN AT
A

1.725
1.631
«III525
1.498

L

o
-

2

ey 1TPC F RLY SPC LSD 1FC

.2C‘ 2.?9
72 2Zasb
.20 2.79
+55 1.95
NS FOR 3iaCING

1.977 a
1.905 b
1.+815 ¢
1.755 d

0.065

0.C59
0.133

LSD SPC

0.050
0.048
0.100



APPENDIX 14,

ANALYSIS OF VARIANCE OF FLORETS ¥Z3 FLUOIER.

SOURCE DF 58 13 F CAL F REq 1PC F REQ 5PC LSD 1PC
REPLICATE Lo 3,562 1187 0.980 4,20 2.79
TREATMENT A b, 564,227 14 085 11,5605 372 2.558 1.035
TREZATMENT B Be 54,267 18.029 14,0325 L,20 2.79 0.926
AXB INTERACTICN 12, 1375 2.514 2.159 2.56 1.95 2,070
LRRCR 52 69,035 12271
COEFF VAR = 10.87
MEANS FOR AX3 INTARADTICH KEANS FOR SPACING
CONTROL FEC FLC MU0 3LE
30X30 CM, 10,001 9.951 11.02% 10,969 9.801 10,336
20X20 CH., 13,126 9.526 11.00% 11«50 10.876 11.166
15X15 CM. 11.476 7,951 9,326 11.201 10.601 10171
10X10 CM. 9.426 7.025 8.5 9.h28 9.3801 2.866
MEANS FOR
CUTTING 11,007 8.614 9,051 1C.75% 10.270
a c b a an

FACTCOR A IS CUTTING. FACTOR B I3 3SPaACING



APPENDIX 15.

ANALYSIS OF VARIANCZ OF SZEZD NUMESR P3IR FOD.

SOURCE DF SS N3 ¥ Gal F REy 1FC F KBy $58C LSD 1PC  L5D S5PC
REPLICATE Se 0.916 £.305 0. L.20 2.79
TRIATMENT A L, 5.280 1.320 ILENT X2 2.556 0.569 0.425
TREATMENT B 3, 10.317 Za i 30 3. 503 4,20 2.79 C.506 0.380
AYXB INTERACTION 12. 11.163 0.9%2 & 50 2.5% 1.95 1131 0.851
SRROR 57 20.629 0.351
COSFF VAR = 23.12
MSANS FOR AXB INTLRACTICHN FIANS FOR SPaCING

CONTROL FHC FLC 38E SLC
30X30 CM. 2.0kk 2.714 2.669 2,084 220U 2.345 a
20X20 CM. 2,568 2.401 2.904 2.545 1.649 2.47% b
15X15 CM. 1.939 2.753 1.954 2.606 2601 2.370 b
10X10 CM. 2.821 2.366 3,064 hahgh 2.236 2.218 o

MEANS FOR
CUTTING 2.345 2.809 2,647 2.935 2272

b a ahb El b

FACTOR A IS CUTTING. FACTCOR B I3 SPACING



APFENDIX 16.

ANALYSIS OF VARIANCHE OF POD NUMBSR PER CLUGIER,

SOURCE DF
REPLICATE 3.
TRSATMENT A L,
TREATMENT B 2.
AXB INTERACTICN 12.
ERROR 57
COEFF VAR =
CONTRCL

30X30 CM. 5.251
20X20 CM., 4,376
15X15 CM.  3.801
10X10 CM. 2.351

MEANS FOR
CUTTING 3.945
a

FACTOR A IS CUTTING.

15.27

585

1.606
2.642
58,358
11.5602
23.054

MEANS
FHC

6,207

L o~ 95‘]
2,301
2.801

4,314

a

k2

MS

FOR AXB INTERACTICN

FLC

5.626
L,601
3.826
3.326

L.345

A

ACTOR B 13 5:aCING

[ 45]
=
(9]

b .35
L ,801

\n
.

pe
49
an

o
-
A
O
— )

3.945

&

N
=3
na

r—
N

Mo
Q

o
-
N
[0)]

Y B R o PE, - TR
MaalS FOR abaCING

2\
. -
oy O M
~
—_ -—

o
=N

NN AN
)

a0 o B

LSD 5FC

0.450
C.b02
0.899



APPENDIX 17

MEAN VALUES OF TOTAL FLOWERS PER PLANT

SPACINGS/CUTTING CONTROL FHC FLC
TREATMENT

30x30 cm. 7847 35.5 2h.9
20x20 cm. 63,7 28.4 11.2
15x15 cm. 34,5 20.0 11.4
10x10 cm. 14,6 8.0 6.7

AVERAGE 47.8 22.9  13.5

SHC

34,9
23.1
1641

6.1

20.1

SLC

13.3
10.4
9.8
3.5

9.3

AVERAGE

46.8
24,2
22.9

9.7




APPENDIX 18.

ANALYSIS OF VARIANCE OF

SOURCE

REPLICATE
TREATMENT A
TREATMENT B

D

AXB INTERACTION 1

ERROR

COEFF VAR =

30X30 CM.
20X20 CM.,
15X75 CM.
10X10 CM.

MEANS FOR
CUTTING

5

CONTRO

9.081
9.734
10.829
9.886

9.882
d

F

3
h

5
2
7e

8.41

L

FACTOR A IS CUTTING.

% MC.

38

0.883
142,957
b, 221
4o.528
54,677

MEANS
FHC
12.055

10.871

1143351
11,6404

11.475
b

FACTOR B

T |54 PR
i Al Ooas

FOR AKB INTZRAC

14,011
13.606
14,429
13851

13,974

a

I3 SFACING

12.509
12.519
12.039

10.26L

12,479
12,154
10.601

$.019

11.063

c

REQ 1PC F

-
(AN |
0

13 B i

®
i
o

12.027
11.777
11,8456
10,932

RS) SPC

2.79
2.56
2.79
195

sEnCING

o o0 P W

L5SD 1FC

o O
. L]
o 0o N
oo
= =

-
-
=
ry

L5D S5PC

0.693
C.619

1385



APPENDIX 19,

SOURCE

REFLICATE

TRZATMENT A
TREATMENT B

DF

3.
2a
L,

AXB INTZRACTION 8.

ERROR

COEFF VAR

CONTROL
FHC
FLC
SHC
SLC

MEANS FOR
STORAGE

FACTOR A IS STORAGE., FACTOR B IS5 CU'

k2.

4,23

MEANS FOR AXB I

AT HARVEST

- 9.251
16.251

39.501
26,001

28.751

23.951

a

Apmin D £ amuer
A TLR ] o LG
STORAGE

29,001
36,001
45,001
52251
24,501

42,351
b

TGN

ANALYSIS OF VARIANCE OF GERNINAL
IMMEDIATELY AFTZR HARVZST AlMD aiTos

3

i

AFTAR 12 WEEKS

IMm DL
SLVURaN

48,751

53,001
k3,001
52.75%
58501
51.201

3
el i (L%
o
ARR
13
] 140
e B
L : e
29 12
o
'}'-",'C

- S S

e sy v
Wil anbil i

RS 1PC

L ,3%1
518
3.83
2.99

32.334
35.084
2,501
L5.334
40.584

a0 o P

@

F Ry SPC

S I R ¥
- - -
o N o
= \A

(h¥]
-

h
(6.4]

r

L3D 1PC

T IS TeN
voaad LD Lo Ll

LSD S5EC

1.060
2.370



APPSNDIX 20.

ANALYSIS OF VARIANC=zZ CF

IMMEDIATELY AFTZR HA

SOURCE

REPLICATE
TRESATMZNT A
TREATMZINT B
AXB INTERACTICN
ERROR

CCEFF VAR

AT HARVEST

CONTROL
FHC
FLC
SHC
SLC

MESANS FOR
STORAGE

a

DF

3.
2.
b4,
8.
L2,

HARD S&ED PERCSKTAS: OF 554D FRCIUCTION
RVEST AKD AFTSR STORAGE.
55 M3 P il
3.250 1.083 8511
8360.100 4180.050 1972.608
1401,733 350.,b33 165.373
2853.566 35€6.695 16C.2%28
89,000 2.119

263

MEANS FOR AXB INTZRACTICN

87.001
79.001
56.251
68.751
66.001

71.401

FACTOR A ‘IS STORAGE.

AaFTER 12 GZEKS

AFTER 6 JEEXS
STORAGE STORAGE

48,501

52.251

58.001 41,001
h9.251 2.501
38.251 41,501

354251

43,351
b c

FACTOR B 1Is

'
Lovd o &

MEANS FOR

O™
o
-

\n
oM
s .
Gy AN\

O W
o =

52.

I

49,501
-0

52 Pl olale

1 1

VT I AT AR AU M S STy
JIFPEERENT HaRVaSTS T23TED

LSD 1PC LSD S5EC

2.84

3.23 1.245 C.930
2.61 1.607 1.201
2:18 2.783 2.080

T
Cu

TTING



APPENDIX 21,

MOISTURE CONTENT AND MZAN RESULT CF F¥ AND DW¥ OF INDIVIDUAL

SEZDS HARVISTED AT DIFFIRANT SEED AGHS.

HEIGHT OF

DAYS &FTER R D KUISTURS ANC

FOLLINATICN MG./35%D MG . /885D 1% . /SEED
10 0.23 009 017 5
13 Q. k3 0. 11 033 75
16 0.91 0.20 Q.73 77
19 1.78 0.39 1.39 78
22 249 0.57 1.95 77
25 2.55 0.50 2.29 76
28 3.03 0.7k 2..8 76
31 L 0.86 Z .85 25
Zh h, Ok 1.19 3.09 22
3 45 Ta 3l 263 70

kg il
e AL ~ £¥ - 2 lin
22 LA te] A 1.2 to




APPENDIX 22.
GERMINATION RESULTS AND TETRALOLIUR TuST RiaULTE OF FRLUSHLY HaRVESDID 325D OF DIFFLRZINT 353D AGe GROUES.

a, TESTED IMMEDIATELY AFTLR HaARVIST

DAYS AFTER NORMAL ABNORIMAL HARD YD ICTaL DEAD Tels
POLLINATION SEZDLING SEZZDLING SEED VInBILITY SzEED VIsBLE NON VIABLE

10 - - - = = 100 - =
13 - - - - = 100 - .

16 - - = = = 1C0 3 %

19 - - - - - 100 - "

22 3 95 10 90
25 7 6 70 30
28 10 84 50 10
31 11 1;
3h 75 10 - =
37 79 137 - -
ho 93 5 - - 9
49 95 4
55 96 4 - -
75 92 2

W OOy =3
i ! 1 1
i i ] i
O oo o -

83 O Nt B OGN B XN

- =]

B A T - G 1 B &3

L O

= (o]

. 3

o

Y
]

O O 2O
i

1C0 -
= 130 =

(0
I
o

* Fresh ungerminated seed.



APPENDIX 22 CONT'D

b. TESTED AFTER 3 MONTHS STORAGEH

DAYS AFTER
PCLLINATION

10
13
16
19
22
25
28
31
34
37
Lo
k9
55
75

NCRHMAL

SZZDLING

o Ov \n O

40
49
38
21

19
18

ABNOR#aL

N W SN O W

N

Tra

oy IC
YIa

1

2

- 1

o M

O O D O D (o = —
QO O O & 3 0 0



API'ENDIX 23.

DAILY MAXIMUM AND MINIMUM TEMPERATURLS

GROUND LEVEL.

DATE
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AFFENDIX 23 CONT'D

DATE
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APFENDIX 2k,

DAILY MAXIMUM AND MINIMUM RELATIVE HUMIDITY FPURCENTAGES RECCORDED

25 CH. ABOVE GROUND LZVIL.

D:L Y S
1 24 3

DnTE b RH

11.10,76

18.10.76 MAX. 56 97 97
MIN 72 72 65
25.10.76 MAX, 58 ab 8%
MIN. - 52 6C
1.71.76 aX. 96 96 97
MIN, 70 75 Sk
8411,76 MAK . 94 al 97
MIN, 60 5 52
151107 MAX . 95 96 gl
KIN 70 70 b2
22.%1.76 ¥aX . 95 a7 9l
MIN, Gl 53 52
25.11.76 el 97 95 94
MIN, 55 35 7¢
6.12.75 Max. g2 90 97
MIN 54 50 60
1%3.12.76 MAY ., 34 23 93
MIN 62 56 52
20.12.76 MAX. 95 ali 9l
MIN, 50 68 72
27.12.76 MAK., 95 95 95
MIN. 62 &8 58
3.1.77 MAX . 92 9k 9k
MIN. 78 60 58
10:1.77 MAX. 9k ol gl
MIN ., 68 62 66
2127 MAX , 92 97 96
MIN. 55 Sh 55
24 .1.77 MAX , 95 98 95
MIN. 74 58 82
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APPERDIX 24 CONT'D
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APPENDIX 25.

A SUMMARY OF WEATHER CONDITICNS DURING THE
RIPENING STAGES

DAILY MAXIMUM DAILY MINIMUM

PEZRIOD OF RIPENING STAGE TEMPERATURE TEMPSRATURE
HARVEST DATE VARIATION °C  VARIATION °C

CONTROL PLOT 10 MARCH - 15 APRIL 19 - 42 9 - 20
FHC 24 MARCH - 29 APRIL 18 - 38 b - 16
FLC 30 MARCH - U4 APRIL 16 - 37 2 - 16
SHC AND SEED
DEVELOPMENT
TRIAL 15 APRIL - 20 MAY 16 - 35 2 - 16
SLC 22 APRIL - 24 MAY 16 = 25 2 - 13

THE NUMBER OF DAYS HAVING RAIN MORE THAN 1.00 MM. WAS 4, 6, 15

AND 14 DAYS IN FEBRUARY, MARCH, APRIL AND MAY RESPECTIVELY.



APPENDIX 26.

TF X £ A TN TNIIM MISMDLD A o) 0,‘
DAILY MAXIMUM AND MINIMUM TEMPERATURE .

LABORATORY.

DATE TEMESRATURY
1
21.3.77 MAX, 2L
MIN. 20
28«34 77 MAX., &
MIN. 19
b, b ,77 MAX . 23
MIN, 21
T4 . b, MAX . 21
MIN. 10
18.5.77 MaX 22
MIN, 17
25 .4 77 A 18
MIN, 15
2.5.77 MaX . 19
1N. 13
S.5.97 Y 19

IN. 1
16.5.77 MAX . 17
MIN. 12
2%.5.,72 MaX . 19
MIN, 15
A MaX . 18
MIN, 15
6.6.77 MAaX. 17
MIN, 16
1%3.6:77 MaAX . 21
MIN, 17

20.6.77 MAX, 21
MIN, 16
27.6.77 MAX . 18
MIN. 15
he7.77 MAX, 15
MIN, 12
13.7.77 MAX, 20
MIN, 14
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APPENDIX 27.

DATILY MAXIMUM

N THE LABCRATORY.

DATE THMPLRATURE
21 45477 MaX,
MIN.,
2863.77 MiX .
MIN,
b, b, 77 MaX.
MIN.
1 NJTR VAKX,
MIN.
18.4,.77 MAX,
MIN,
25.4.77 MAZ.,
MIN,
2:e5e77 A%
KIK.
)65: 77 MaX.
MIN
15577 Mak,
HIN.
235477 MAX .
MIN,
30,577 MaX,
MIN,
6.6.77 MaX.
MIN,
1546577 MAX,
MIN,
20:64+77 MAX .
MIN,
27:6.77 MAX,
MIN,
4a7.77 MaX .
MIN,
137677 MAX .
MIN,
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