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in the South Island high country if seeds are sown in
early spring (i.e. September). Low temperature gefminat—
ion rate should, therefore, be a sound test for
identifying superior seed lots of Maku lotus which are

to be sown under cold conditions.

Maximﬁm differences in seed weight within seed lots
of L. corniculatus are about 100 per cent (Stickler and
Wassom, 1963; McKersie et al., 1982). Although signifi-
cant differences were noted within seed lots of Maku
lotus, seed from size 5 was only 30 per cent heavier than
size 1 seed. A significant effect of seed size was
apparent nonetheless. Larger seeds were quicker to
germinate, had fewer abnormal seedlings and produced 30
per cent more dry matter after four weeks growth in a
glasshoase than smaller seeds. Seed lots with a high

1,000 seed weight should, therefore, be better than seeq

lots with low mean weight, other factors being gqual.

A multiple regression analysis of the frequency
of abnormal seedlings, imbibed not germinated seeds and
hard seeds in the 20°C germination test with conductivity
(electrolyte leakage) of the eight seed lots x five
seed sizes accounted for much of the variation in the
conductivity readings (hz = 86 per cent). These seeds
and seedlings afe not expected to produce viable seedlings
under field conditions. The electrical conductivity
test should, therefore, be able to predict field estab-
lishment. It does not, however, indicate seed vigour and

may not, therefore, be useful in the prediction of field
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establishment under especially adverse conditions.

The electrical conductivity test is rapid (24 hours)

and simple, and many seed lots can be easily tested at low
cost. It may not have a commercial application at pres-
ent but should be a useful research technique in the

study of seedling establishment in Maku lotus and pés-

sibly other herbage legumes.

In the seedling elongation test the effect of seed
size was small compared with the effect of seed lot.
Seed lots 2 and 7 had more seedlings exceeding 30 mm
than lot 4 which had more than lot 6. The intermediate
position of lot 4 is somewhat surprising as it was quicker
to germinate than lot 2 in all of the germinétion tests.
It must, therefore, have had a sloﬁer rate of seedling
elongation. \ Seedling length in birdsfoot trefoil after
more than four days at 20°C was found to be less indicat-
ive of seedling vigour than earlier measurements (Cooper
et al., 1980). It is therefore suggested that seedling
length after four days (reflecting germination rate to
a greater degree) would be a more suitable test. Because
Maku lotus germinates very slowly at low temperatures,

cold germination tests must of necessity be prolonged; a

day 4 seedling length test would be qguicker.

Because few Makﬁ lotus seeds establish as seedlings
under adverse conditions it is questionable>whether the
percentage of normal seedlings in the 20°C germination
test or electrolyte leakage are important factors influenc-

ing seedling establishment. Instead, germination at low
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temperatures may be more important and is therefore
recommended as a good test for differentiating high and
low vigour seed lots of Maku lotus. Germihation at

12°C with counts after four and seven days is suggested.
At this temperature, germination is slow enough to dis-
cern differences between seed lots in low temperature
germination capability but rapid enough for the test to
be completed within one week. Modificatioﬁ of the seed-
ling elongation test, so that seedling lehgths are
measured accurately after four days, would also be a

potentially useful laboratory vigour test for Maku lotus.

7.4 GLASSHOUSE POT TRIALS

The seedling growth and root temperature trials .
indichted that initial seedling growth (dry matter product-
ion and root elongation) was most influenced by rate of
emergence. Subsequently, seed size effects and differ-
ences between species in autotrophic growth f;tes became
more important. In the seedling growth trial (four
seed lots of Maku lotus x five seed sizes) the effect of
emergence rate on seedling growth was greater than the
seed size effect for three weeks and still important'at
harvest ten days later. In the root temperature trial
(Maku lotus and Huia white clover gseed lots from the
field trials)'the superior rate of emergence of white
clover at 12°C resulted in greater dry matter production
than Maku initially and longer roots throughout the trial

period of six weeks. At 15 and 18°C the emergence rate
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of white clover was greater than Maku but dry matter
production was similar or inferior to Maku from three to
six weeks after sowing and roots were longer for only

four weeks. Thus, the effect of rapid germination

and emergence on seedling growth is greater and lasts
longer as conditions become moré severe. Average
temperatures at both field trial sites were léss than 10°C
for the six weeks following sowing and the superior rates
of establishment of white clover and birdsfoot trefoil

can be attributed to their ability to germinate well at

these low temperatures.

7.5 POTENTIAL FOR IMPROVEMENT

L. pedunculatus is a cross-breeding species with a
great\deal of variability upon which plant breeders can
draw. Beuselinck and McGraw (1983) reported variation
among 17 lines of L. pedunculatus for seed size and seed-
ling vigour. Charlton (personal communiéation) has
demonstrated a genetic basis for low £emperature germinat-
ion in Maku and this study indicated differences among

seed lots in low temperature germination capability.

Seed size (Draper and Wilsie, 1965; Twanmley,
1969) and seedling vigour (Twamley, 1970) have been
increased in L. corniculatus through breeding and select-
ion and similar progress may be possible in L. pedunculatus.
Selection for low temperature germination in Phaseolus
vulgaris (Kooistra, 1971), Lycopersicon esculentum (Ng

and Tigchelaar, 1973) and Brassica napus (Acharya et al.,
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1983) has resulted in improvements and may be possible

in L. pedunculatus.

The initial selection of Maku was not specifically
concerned with seed size, low temperature germination
or seedling vigour although increased seedling vigour
was an objective of the breeding programme. Parent
plants were raised in nurseries under generally favour-
able conditions and selection was primarily'concefned
with less prostrate growth and improved winter production.
Seed size of the tetraploid Maku was nearly double that
of - the diploids which resulted in greater seedling
vigour and establishment (Armstrong, 1974; Lambert et
al., 1974) but selection for iarger seeds within Maku
has not been attempted. it is, therefore, probable that

\
-seedling establishment could be improved through a

3
renewed breeding programme concentrating on low temperat-

ure germination, larger seeds and increased seedling

vigour.

Phenotypic factors may also influence seed and
seedling vigour in Maku lotus and, considering their
importance, deserve investigation. Seed crop nutrition
and environmental variables such as temperatpre and soil
moisture during seed development and maturation may be
important. vThe time of seed harvest and seed handling

and storage conditions may also influence seed quality.
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7.6 CONCLUSIONS

1) Seedling establishment of Maku lotus is inhibited
at low temperatures due to slow germination and
root elongation and a low partitioning of seedling dry

matter into roots.

2) Selection for rapid germination at low temperatures
wou1d improve seedling establishment of Maku lotus

not only in the cold, high country of the South Island but

in most areas as it is normally sown under cool conditions

while the moisture regime is favourable.

3) Selection for increased seed size may be possible
and would result in improved seedling vigour.
Selec%ion for increased seedling vigour (early branching

and dry matter production) may also be possible.

4) The effects of environmental and cultural variables
on seed quality and vigour (e.gq. abnormal seedlings,
low temperature germination, seed size) may be important

and deserve investigation,..

5) Laboratory tests which.ﬁeasure rate of germination
(e.g. low temperature speed of germination and day 4
seedling length) should be useful to identify high and low
vigour seed lots of Maku lotus and thus, potential field
establishment. The electrical conductivity test may also
be able to predict field establishment, particularly under
favourable conditions, because it is well correlated with
the number of abnormal seedlings and imbibed not germinated

seeds.
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Appendix 1l: Analysis of seedling counts at Tekapo.

The objective of the seedling counts at Tekapo was
to compare the establishment rates of the species under
investigation. The interaction of seedling establishment
with grass species and nitrogen levels which was inherent
in the experimental design was beyond the scope of this
study. Furthermore,'the limitations of the experimental
design and the variability in seedling establishment
within the field make it difficult to draw firm conclusions

concerning these interactions.

By chance, two of the four lequme x grass areas were
in sections of the field with poor legumé estaﬁlishment
due to other qutors. One of these éreas was at the
start of the drill run and it is suspected that not many
seeds were actually sown. The other was a section along
the eastern flank of the field with shallow, stony . soil
and rock outcroppings. Establishment of white clover was_
especially poor in this area (Table Al.1). This resulted
in lower establishment rates for all legume species in
areas of grass compared with areas not cross~drilled and

particularly lower rates for white clover and birdsfoot

trefoil.



. Seedling counts at Tekapo.

2

Table Al.1: Quadrat 0.5 m".
N
+
Species White Alsike | Maku Birdsfgot « 12 m » Alsike | Maku Birdsfgot White
clover | clover | lotus trefoil clover | lotus trefoil cloven
26 34 12 48 -~ 9 1 23 0
Not 39 12 5 27 24 20 0
cross .
drilled 31 23 24 37 4 5 73 26
7 18 14 47 15 13 30 0
‘Apanui + 0 19 19 9 29 11 17 21 0
Apanui + 50 16 10 3 22 22 14 29 0
Nui + 50 11 25 4 16 17 1 12 0
Nui + 0 11 9 14 23 23 18 18 2
6 9 15 16 25 19 44 0
Not 17 7 12 53 32 16 14 27
cross :
drilled 3 3 13 18 ;7 44 46
4 7 26 6 66 22
Apanui + 0 3 0 0 4 63 10 43 16
Apanui + 50 2 0 0 2 15 5 25 19
Nui + 50 3 2 0 1 13 24 19 12
Nui + 0 0 0 1 0 5° 11 33 39

Start of drill run

End of drill run

VET
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Table Al.2: Legume x grass X N analysis of variance table.
a.f. Mean F
square
1. Rep A 1 724.3 15.2%
Legume (L) 3 370.9 7.8%
Residual (L*Rep A) 3 47.6
2. Rep B 1 10.3 148.34
Grass (G) 1 -64.9 936.8*
Residual (G*Rep B) 1 0.07
3. Nitrogen (N) 1 28.8 0.4
G*N 1 74.5 1.1
Residual (Rep B*N) 2 65.6
{Rep B*N)
4. Rep A-Rep B 1 188.5 34.0%%*
Residual (Rep A*G) 6 55.4
(Rep A*N)
(Rep A*Rep B*G)
(Rep A*Rep B*N)
{Rep A*G*N)
(Rep A*Rep B*G*N)
5. Legume-Grass 3 37.8 0.3
Residual (L*Rep B) 12 131.2
{(L*Rep A*Rep B)
{(L*Rep A*G)
(L*Rep A*Rep B*G)
6. Legume-Nitrogen 3 45,1 0.8
Legume-Grass+Nitrogen 3 26.1 0.5
Residual (L*Rep A*N) 18 53.4

(L*Rep B*N)

{L*Rep A*Rep B*N)
(L*Rep A*G*N)
{L*Rep B*G*N)
(L*Rep A*Rep B*G*N)

#' *' * %

significant at P < 0.10, 0.05 and 0.0l respectively



Appendix 2:

Brief description of the eight Maku lotus seed lots.
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Seed Origin Comments
lot
2 Lincoln College cropping 1982 Basic; officially
farm (via Wrightson N.M.A., tested: B86% germination;
Christchurch) ‘4 % hard seed; 8%
abnormal growths; 2%
remainder
3 Lincoln College cropping 1982 Second generation;
farm (via Wrightson N.M.A., officially tested: 77%
Christchurch) germination; 7% hard seed;
‘ 14% abnormal growths; 2%
remainder
4 J. Scott, Woodend {(via. 1982 Basic; officially
Wrightson N.M.A., tested: . 92% germination;
Christchurch) 3% hard seed; 4% abnormal
growths; 1% remainder
y
5 Blenheim {(via M. Hare and 1981 Basic; stored in
Hodder and Toddy) plastic bag in desk for
over a year
6 Blenheim (via M. Hare and 1981 Basic; stored in
Pyne, Gould and Guinness) paper bag in desk for over
a year
7 Ashburton (via M. Hare and 1981 Basic; stored in
Wrightson N.M.A.) paper bag in desk for over
a year
8 Palmerston North (via Dr D. DSIR seed farm
Scott, Grasslands Division,
Lincoln) ’
9 Unknown (via Dr D. Scott, Farmer's line, commercial
Grasslands Division, harvest
Lincoln) v




Appendix 3: Electrical conductivity test results.

Table A3.1: Conductivity per gram of seeds (Umhos)
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Seed size 1 2 3 4 5
seed lot 480, 375 370 340 315
765 475 390 373 300
410 355 340 335 330
363 308 285 270 228
353 288 275 250 220
300 275 240 235 235
440 343 340 335 315
S8E {mean)} 13.4
Table A3.2: Conductivity per 100 seeds (jmhos).
Seed size 1 2 3 4 5
Seed lot
34.2 28.6 30.4 29.3 30.1
51.5 36.8 31.0 32.2 28.0
29.6 27.5 27.6 28.9 31.7
26.0 23.5 22.9 23.0 21.4
2&.1 21.0 21.1 20.5 19.8
20.3 20.2 18.6 19.7 21.2
30.2 26.1 26.7 28.2 29,1

SE {mean)

1.053
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Appendix:.4: Seedling vigour indices, seedling growth trial.

Day 12

deformed or missing cotyledons
little or no plumule growth

trifolioclate in bud

w N N O

expanding trifoliolate; plumule < cotyledons;
basal leaflets of trifoliolate together

4 plumule-és long as cotyledons; basal leaflets
separating, upper leaflet separate

5 plumule > cotyledons; trifoliolate unfolded;
bud of first pentafoliolate visible

Day 19

0 cotyledons deformed; 1little or .no plumule growth

little plumule growth; trifoliolate not fully
expanded '

sdedling < 10 mm and pentafoliolate still in bud
pentafoliolate just expanding

pentafoliolate expanding; basal leaflets in bud

Kb W N

pentafoliolate expanding; basal leaflets spreading

If the seedling was quite small, it was marked down
one class.

Day 27

0 seedling small (< 10 mm), deformed, spindly or weak

small (< 20 mm), developing abnormally or (if > 20 mm)
very weak

2 second pentafoliolate not fully expanded; third
pentafoliolate not visible

third pentafoliolate visible in bud
4 third pentafoliolate expanding

5 third pentafoliolate expanding and good basal shoot
development

If seedling was quite small it was marked down one
class.
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Appendix 5: Descriptive evaluation of eight Maku lotus

Seed lot

seed lots, seed size 2.

mostly light green and shiny
green, some tan, a few with spots and one misshapen
dark green and tan; also two large, wrinkled

. brown seeds with reddish markings

mostly tan; several wrinkled seeds but not as
severe as 5

green-tan and browns; well de&eloped and a
reddish "bruise" on the browns opposite side of
hilum to the strophiole

dark green and tan to brown; -somewhat smaller but
"plumper" looking than 7

all colours

Imbibitién % 24 hours

Seed lot

2

4

a crack in testa opposite hilum in several
light.green seeds

the same plus some small (partially imbibed)
and a dark green swollen seed

seed surface appears "less wet" than others;
seeds are about uniformly imbibed :

wrinkled seeds fully imbibed, one with a small
crack; half of seeds only partially imbibed
(dark green)

half of seed only partially imbibed; one hard
seed ' '

all seeds uniformly imbibed; one seed has testa
cracking all over

several seeds cracked opposite hilum, one with
guttation; some seeds only partially imbibed

some hard, some partially imbibed, some fully
imbibed

i
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Appendix 5 cont'd....

Imbibition + 44 hours

Seed lot

2

3 seeds cracked (green, light-green), only a
couple well imbibed; more are semi-imbibed

2 germinated. One with a big crack in testa;
2 hard, some only semi-imbibed; fungi

2 germinated. All seeds are at least semi-
imbibed; one seed very cracked

3 hard; rest mostly fully swollen; one
cracked

3 hard; rest mostly swollen; one cracked
all fully imbibed | |

3 cracked (one very); others fairly well
imbibed |

6 hard; rest well imbibed

Imbibition + 60 hours (2.5 days)

Seed lot

2

i

% normal germinated, none of which had cracked
testas (opposite hilum); radicle of one cracked
seed growing back to crack and will emerge soon

6 normal germinated, one of which has cracked
testa; 3 cracked seeds developing into abnormal
seedlings (restricted radicles)

5 normal germinated; 1 abnormal (cracked);
some root hairs starting

no germinated; 2 hard; 3 cracked
1 normal germinated; 2 hard; 3 cracked

8 normal germinated (many just); some cracking
now; 6 not germinated

no germinated; 4 cracked
no germinated; 5 hard
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Appendix 5 cont'd....

Imbibition + 71 hours (3 days)

Seed lot
5

most cracked having radicle protrusion
difficulties; hairy radicles

similar to 2 but with more ungerminated seeds

problems for cracked seeds; others well
germinated with hairy radicles

5 seeds just germinated
many just germinating

all but 2 germinated; radicle not hairy;
no abnormal seedlings

no germination

2 seeds about to germinate

Imbibition + 87 hours (3.5 days)

Seed lot

5 normal germinated; 5 with testa trouble;
radicle densely hairy but short (~ 2 mm)

one-third not germinated, half are normal

6 normal germinated; 2 abnormal; 3 not
germinated

4 normal germinated; 3 abnormal; one hard;
7 imbibed not germinated; very poor radicle
growth :

11 normally germinated; one abnormal; 2 hard;
5 imbibed not germinated

14 germinated, one with testa trouble,
radicle growth not spectacular but hairy now

8 normal germinated (2 just); radicles not
hairy; 5 imbibed not germinated

5 normal germinated (not hairy); one abnormal;
4 hard; 12 imbibed not germinated !



Appendix 5 cont'd....

Imbibition + 112 hours (4.5 days)

Seed lot

2 more growth; still trouble with testa

3 most germinated, many with testa trouble

4 all germinated, 3 with trouble

5 wrinkled seeds still not germianted;
several with testa trouble

6 2 not germinated; 2 hard; a few with
trouble ‘

7 all well germinated

L

'2 abnormals; the rest are germinated
4 hard; several abnormals

Imbibition + 142 hours (6 days)

Seed lot

)
2)

g

good elongation
medium elongation

noticeably shorter seedlings than 2, 3, 4
and 7

good elongation

short

142





