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Abstract:

Components of seedling vigor were investigated} using 120 randomly selected clones of Tana bidsfoot
trefoil (Lotus corniculatus L.). Seedlings were grown for four weeks before harvest for growth
measurements, Final cotyledon area, final leaf area and net assimilation rate were found tb affect final
dry weight significantly and were proposed as factors which could produce a more vigorous seedling in
that they accounted for 88.4 percent of the variation in final dry weight of the seedlings. These three
factors were shown to be independent contributors to seedling dry weights.
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ABSTRACT

Bomponentsg of geedling vigor were investigated, usihg 120
randomly selected clones of Tana birdsfoot trefoil (Lotug corniculatus
L.). Seedlings were grown for four weeks before harvest for growth
measurements.

Final cotyledon area, final leaf area and net assimilation rate
were found t6 afféect final dry weight significantly and were propesed
as factors which could produce a more vigorous seedling in that they
accounted for 88.4 percent of the variation in final dry weight of the
seedlings, These three factors were shown to be independent contributors
to seedling dry weights. )
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INTRODUCTION

Birdsfoot trefoil (Lotus corniculatug L.) has shown its adaptability

to areas of the phited States by establishing itself in the Atlantic states
and the‘no?th—western states following itg introduction from Europe in the
late 18@9';&

Agronomically, birdsfoot trefoil has many desirable characteristics
(12, 13, 16, 20, 2/) but two traits have succeeded in suppressing its wide
utilization;as a forage crop. One trait is that of seed shattering, which
has caused"seed to remain relatively high in price, Several investigators
have proposed methodg to overcome thig trait by use of cultural practices
(16, 20, Rhs 25, 32).

The ther_objectionable trait, its lack of ability to egtablish a
stand, presents the mostlserious hindrance to its use (9, 12, 15, 16, 20,
22, 24, 25,_27; 30). Cultural practices (9, 14, 16, 20, 22, 26, 27, 30)
have“been Qevised that will aid the ®weak® seedling of birdsfoot trefoil
to estg?l%sh, but thege methods are not entirely adequate to assure a
vigoroqs stand,

The purpose of this investigation was to examine some of the early
?ggetative growth'chg?acteristics of birdsfoot trefoil as'they relate to
seg&l@ng vigqr. an assumptioﬁ was made that seedlings which accumulate
greqﬁg;_dfq'we%ght are more vigorous. Thig assumption placed emphasis
on meagurements which were assumed to contribute to dry matter accumula-

tion,




LITERATURE REVIEW
Extensive writings dealing with the history, botanical and
agronomic characteristics, and agricultural uses and practices applicable

to birdsfoot trefoil (Lotug corpmiculatus L.) production have been pre-

pared by MacDonald (20), Midgley (24), and Hughes et al, (16). Hughes
et al, (16) have characterized birdsfoot trefoil as to its advantages and
disédvantages as a forage crop,

Advantages: Deep=rooted perennial, heat and drought resistant =e=
wide so0il tolérante, both ag to fertility and acidity
===produces seed abundantly, Fedeeding éven when close
grazed —--- vigorous, with High acre production when
well established =-—~ palatable and with high feed value
w—m gble 10 maintain itself "in competition with sod
Forming grasses, such as bBluégrass =-- can survive’
severe grazing abuses =-~winter-hardy =-- no bloat. '

Weaknesses: Slow to éstablish === seed cost high, owing to dif-

' ficulties in seed Harvest ——="ieak Stems, it lodges
easily when grown alone =—- starts Father late in
spring —-— slow recovery after harvest,

In yield trials, birdsfoot trefoil has been shown to produce sizeable
amounts of forage especially when grown as a component of simple pasture
mixtures. GCooper l/ has recently reviewed literature concerning its
ability to produce sizeable forage yields in grazing. and simulated gra.g=

ing trials, Its persistence, once a stand was established, was better

than Iadino clover (Trifolium repens L,) ip grazing trials using lambs

(13). The non=bloating characteristic of birdsfoot trefoil also enhances

its desirability as a forage,

1/ Cooper, G, 8. “TFactors affecting establishmerit, survival, and pro-

‘ ductién of birdsfoot trefoil (Lotus. corniculatis L,) and alfalfa
(Medicago sativa L.).. Fh,D, Thesis, Dregon'StatetUhiversity, 1964.
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Holqep 2/ gtgtes that #the right legume for Montana would combine the

-characteristics of high nutrient production, non-bloating, palatability,

competitive ability, seedling vigor, ample seed production, long life,
disease and“drought resigtange, winter hardiness and adaptgbility to our
soil.® These characteristics of an ideal forage crop are undoubtedly not
réstricted to Mbntgpa and could Well be intended tp include the.northern
Uhit?d States and sputhern Canada , Holdepfs 2/ most serious rgjection of
birdsfoot trefqil ig on the_?asis of iﬁs segdling Qstablishment:or seedling
vigor, This poor gstablishment trait of birdsfoot trefoil_is_#he ma jor
deterrent tp‘itslgse_in the gbove mentj_onedvagrlicultural_areas°
_'Segdligg yigor Qf_various.foragg plants has received conside;able

attention bgp only recently has the seedlipg vigor of birdsfoot trefoil
been studiedf

The effept of seed sizg on segdling Yigor,.whether vigor ig defined
as seedl?ng dry ngght,.height gf segdling? or actual establishment of -

seedlings is generally'agreed upon as being substantial, Iawson and

Rossiter (19) have reported one of the two serious conflicts in the

literature as to the effect of seed size on vigor. They (19) found that
seed size had no effect on growth of swards of subterranean clover

(Trifolium subterranean 93)'when spwp_at the same rate of pure }ive seed

per acre, Whitney 2/ found that seed size had no effect on the growth

per se of birdsfoot trefoil after emergence,

for Montana, M.S., Thesis., Montana State College. 1963,

3/ Whitney, A. S, The influence of some seed characterigtics and depth
of sowing on the germinatién, emergence, and early growth of birdsfoot
trefoil (Lotus corniculatug L.). M.S. Thesis, Cornell University. 1958,
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The du;gtion pf the effect of seed size on seedling grqwth vgries
with the crop investigated and with the gxperimental conditions used,
Black (4, 5, 6, 8) found that seed size effects e;tended throughout the
initial“grqwing“season in gubtgrranean qlover0 Smith (29) found that the
effgct of seed gize had diminished one month after plantipg'alfalfa

(Medicago sativa L.) and red clover (Trifelium pratense L.). Kittock and

'Patterson'(l7), in a s?udy of_see@ gilze and seedling vigor of nativg dryv
land grg§§es,-§ta§e t@at fifngny_differences in seedligg_Yng? for seeds
of va;ious we%ghts, bgyon& emergence ability existsz it'is apparently short
;ived.“ The s%udy ;asped_on;y @hree weeks and at this timg, igitia} seed
size effects were not related to differences in seedling dry_wéights,

) Lints &/ data gugges# that the critical period for trefoil seedling
grow@h is during early vegetapive growth, possibly not more Fhap three
weeks after emergence. Sﬁed size can, thergfo;ei.peugxpectgq_to be
ope;aﬁive ip dg?ermiging seedling growth during all or at least a part of
this critical’pe_ariod°

The guperior vigor of_seedlings derived from large seéds is.mgnifested
by seed%ings that are greater_in height,_leaf area, dry weight.or some
other factor or factors t@a?.epable the_segdling to establish a better
stand than those seedlingg prpdgced—from small séeds,

Black's {4, 5, §) stu@igs with subterranean _clover rep?egenﬁ an
extensive amounﬁ of work to detgrmine the effect of seed size on seedling
Yigortw Consistently he has shoun that 1arge? geeds of the same variety or

4/ Lin, Chuang-Sheng. Seedling vigor in birdsfoot trefoil. M.S. Special
Problem, Montana Btate College, 1963,
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seeds ofug largeusgeqed varie@y_produce segdlings_of greaterwdry weight
than do smallgr seeds of the same. variety or seeds of small-seeded varieties.
~ Smith (29) noted differences in seedling height between plants produced
from different seed sizes of alfalfa and éf red clover, Later in the
season, the differenqeg in plant height due to seed size had disappeared.,

Beveridge and Wilsie (3) found that seed size and vigor (expressed as
seedling dry weight) were significantly correlated in alfalfa,

Kittock and«thtersqn (17) as well as Kneebone and Cremer (18):hgve
reported that seedling emergence ig fgvorediby 1a?geg seedé in grasses,

The rgte and percentage of emergence were found to be greater for larger
seeds,

_Inc:eased seed size definitely enhancesudry_maﬁtey productiop of
trefoil seedlings during early vegetative growth, Henson and Tayman (15)
showed increased dry matte? gccumglation in trefoil due to g:eater seed
size during BOfggq~60-day studies., Using six ty@gs pf trefoil and”three
geed sizes of each, they (15) showed that seed slze significantly affected
plant hgigh? and root weight, _ _

Shibles and MacDonald (28) found that differences between trefoil
strains at emergence could be éccounted'fqr by diffgrenqes ig segd size be=
tween the st;ains, The straiﬁs differed in dry weight aqd cotyledon area
due to seed size,

Black (4) found that two strains of subterranean clover with the same
seed weight had different dry matter production, but he later resolved this
apparent contradiction to the effect of seed gize by showing differences

in seed size distribution within the two populations.
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Lin é/ haoﬂconclusiyely demonsﬁrated the“superiority of large seeds
in the”deyolopment of tyefoi} vigor, He-showeq that;»reggrdless of variebty,
large'seeds produce seedlings of gregter dry weight at two“weoko of age;

In the proposed explanat;on of why ;arge seeds produce ﬁh?s superior
vigor ap.obviOﬁs but erroneous hypothesis is that la?go ooods sbore more
food resorye'to aid establishment (4). Black‘(4) has shown that no correla-
tion exists between cotyledon weight and vigor, However, Blac? (4) points
out that'ﬁhe cotyledon_area, regardloss of.coty;edon wsightf is correlated
with vigor and cotyledonuarea ?s aloo ooyrelgtod'with soed s?ze.v To demon-
ét?ate thié,'ééeds of gimilar size‘were'planteq aﬁ variou$‘§opths_with the
result that the emerging cotyledons varied in weight but were congtant in
area,

Tho removal of cotyledon areas has boen shown to produce a proportional
reducﬁiog in.finol dny.weight of seedlinés‘ McElgunn é/xhas shown thgt,
removal of one or both cotyledons in olfalfavond_trofoil at three days and
seven days aftor.emorgence roduced soedling dry weightf_"Too romoval of
both co?yleoons_at seven dayg aﬁtep'emergenco roduced the dry.weight to 39
and 22 percent of thé check in alfalfa and ﬁrefoil,‘roopecﬁivo}y. Harvest
' was made throo'weeko after the.coty}edoos w_ere‘rem.oveo:lu The difference
observeq_betwoen the pe;ceptage redgotion.in Qny woig@? may:be accounted
for by earlier initiation of the first leaf in alfalfa, The first leaf was
present on the third day afper emergence in alfalfa_but not_ontil.the_sixth
day was the first leaf present iﬁ trefoil, TIf the cotyledons were removed

5/ McElgunn, J, D. Unpublished data, 1963,




.7_
at.fou: wegkg after_emergeqce, no reductionmin d;y wgightuas compared to
the check was found, Aexeman‘(l)?.wopkigg_with soybean and cucumber, has
ghowm that removal of_cotyledon ares, rgducgg ﬁhg dry weight of seedlings.

Shibles and MacDonald (28?,‘igwtheir work with trefoil, have reported
that no d?fference in maxinpm photosynthetic rate exists between cotyledons
and leaves of equal area,

The cotyledop, being thg ?i?st photosypthetic tissue, is importgpt to
seedling g;oythubqﬁ_later Fhe significance of thig photosyPthetic tissue
may ?e-pye?fshadgyed by thg_greg?er'area of.the true leaves,_ To maintain
-the superio?;ty q§§iv¢d”fram‘1arge_seeds_tha§_p;odu¢e gregﬁer_cotyledon
area, seedlings must remain superio; in_photosyqthetic‘area? or be more
effici§nt in tp§ yate of p;odgci?g phptqsynthates per unit of leaf area,
that is, ng? gsgimilaﬁion rate musF be grea@ere or be superior in both (31).

.‘Shibles”gqﬁuMacDonaldk(28) reported that‘simiia; sized seeds of the
Viking and'Empi;e vgrieties of t;efo;l prpd?ged.the same dry weight and
coﬁyledon area a@ emergence, Howevgp, #he dry_weight gnd ;ng area 200
hourg.aftgr emergence were not ’c.hemsaz_n_.fa,t Viking had bq?h g;gater dry weight
and photosynthetic area thag did Eqpirg, Thg“pet phptosynthgtic rate, or
net assimilgtion rate, determined'manomgt:ically by megguring.oxygep
evolution, shpwed no"differencgg bgtyeen Yg;igﬁies, ?he differen9es in dry
weight betwégn thq two varieties'were accounted for by differepcesnin
relative gfowth rétg of }eaf area, Shibles apd.MaéDoné1df§ results were
subject to uﬁé@ﬁél seed size“distributipn within their population,

Contrary to the_findings“of Shib;es and MacDonald are the date of

Lin 4/, Iin, using seeds of similar size, found that the relative growth
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rate of %eaf area was the game among Viging, Empire and Tanza varietiés of
trefoil at three light intengities., The netlgssimilation,;gté, however,
was found %pre different among theﬂyarieties, The net resulb ig the same
as the Shibles_apﬁ_MacDona}d_studie§;»that is, Viking produced more dry
weight.ﬁyﬁn Empire, Tana was intergedigte ip dry matter_productionf

‘_Gooper é/ hag eompgrqd the_relgtiye growkh rates; relativg growth ratés
gfw}eaf area and net_agsimilation thes_of alfalfa and birdsfogt trefoil
over an_lljﬁégk”?ptervgl._ The }lwweek averages wgrg_s@mi;ar for relative
g?9w§h ratg bgtween the ﬁwo genera, $refqi% hag a slight;y_lower net
agsimilatio?"rat? but_gwglightly higherAre;ative growth ;ate in leaf area,
Ee attribuﬁe%nééé_grgater growth 9f alfalfa to the ;arger initial photo-

synthetic area and not to a greater relative gfowtho

é/ Goopet, U, S. ‘Annual Report, 1963 Irrigated Pasture Regearch. TU.S.D.d.
p .
Agronomist, Montana State College, 1963,
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Table I summarizes the findings of Shibles and MacDonald (28), Lin é{
Cooper é/, and Black (4).
Table I, A comparison of the results reported in four papers

pertaining to relative growth rate (dry weight),
relative growth rate of leaf area, and net assimilation

rate,
Time Relative Growth Rate Net Assimilation

Investigator Measgured Leaf Area Dry Weight Rate

#* 3% , #*
Shibles ang
MacDonald 2 weeks DS DS S
Lin1 2 weeks S DS DS
Cooper2 11 weeks DS S DS
Black3 Several weeks S S S

¥ S = similar; DS = dissimilar
1. between varieties and/or strains of birdsfoot trefoil with
same seed size.
2, Dbetween Vernal alfalfa and Tana birdsfoot trefoil,

3, between varieties of subterranean clover with same seed size.




MATERTALS AND METHODS

Sged grgwp‘at B;idger, Mon?ana, frgm ;ZQ :andomly selgcteq péones
of Tana bi;dsfoot trefoil was used, 'Seed of each cloné was harvested_by
two methods ih 1963. “Dne meﬁhod congigted of hand-picking mature pods and
al;owing them to dehisce in paper bags; The other method involved har=
vesting the enti?e_plant and drying it at room temperatgre, These
individual plapts“werg ?he? th;esheq by hand,_

One“hﬁpdred seeds selected atﬂrap@om from egch clone from each
harvest"weye then_weigheg to @he nearést'OQOQQIIgm, on an apalytical balance.

”“Dug'to lack ofngmple'growth'chambers, the_seedlings Were grown in a

glags box“%n the greenhogsef‘ The 4 by 2 by 1 foot box had a capacity of
seventy~two 4 by 4 incp po#s. o

Twénty_scarified seeds from the 19@3 hapdmpicked harvest'were planted
}/4 inqh deep in a 4 by 2 inqh plastic‘pet in_coarse, washed sapda A
golutionmwﬁicﬁ supplied nitrogen, potassium an@iphgsphprus was used to
Wate?_ﬁhe thg every ﬁwo to_three.days?ﬂ'The tgmpgrature‘withig the box
varied. The day tempgrature ;anged_from 68° F{ to SQ? Fo; gpd ?he night
tgmpgratpre was 6Q9 ?, Tbg relgti?e humidity at 12 noonlaveraged o1 per=
ce?to_ Seedlings were illuminéted with four fluorescent and one incandescent
l%ghts which suppliea AQO_fooﬁ_candlgs at_lﬂfoqﬁ gbove the pots, The day
lgngth was 15 hours With pot more than three hours per day being supplied

by artificial light alo;.jleo

| Because the box wag gapable of_holding a maximum of only 72 pots, the

120 strains could.not be grown at one time, The number of plants grown at
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one time was also limited by the_procedure utilizedlén neasuring cotyledon
and leaf.areao Plantings.of 15 straing plus 3 checks (Tgna% Viking and
E@pire) were madg at one~week ?ntervgls“up@;; the box“wag ?ull, At each ]
removal Qr.harvest of seedlings; 18 pots were replaced to maintain 72 pots
in the bogal | '

The seedlipgs were grown for BPfdays after em@rgénce, Emgrgenpe rate
waé'relativgly"un%fprm wi?h;n eag@ potg and the day of emergence was con-
sidgred ?o'ocgu; when 1Q seedlings were present per pot, The first 19
segdl%pgs Wefe ma?ked with toothpicks and any later emerging seedlings were
removed,

4t ?arvgst the 30—day—ol§ seedlings were removed from thg pots and
the_roo@s_washgq f;ee of sandf The seedlingéiwgrg stored by wrapping them
in wet paper towels and then placing them ig gl?%ﬁ eakg Platesg They were
gto:ed in a cold room at approximately 50 G, Seedlings stored in ?his;
ménnernpouldiﬁe:kept for one week, and longer if necessary, until data on
leaf area were gathere@. |

o ;egf area wasg determined by removing both cotyiedons and all_leaves
from each plant apd#prgjecting'ﬁhem.pnt9'1/4ﬂ X i/A“.qgadrillg paper and
tracing the ehiafged (x5) image. The nmumber of squares and portions of
équareg ocgu@ied by the image was used ﬁo determipe_the area.

. Entire seedlings wererthen bagggd.and dried for 4? hpu;s“at 70 degrees
C. Thg dry ngght of the sgedlimgs was measured to the nearest 0.0001 gms.

Data on ?glllegtablishmgnt gnd spring gpand_were made ayailable by the'

FEastern Montana Branch Station at Sidney; Montana, The 120 sbtrains were
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planted in June of 1963 in 10-foot rows spaced one foot apart. Seeding
réﬁe was“based on $-poun§s of seed per acre, _thck yarie@igsngapg and
Empire; w?re"plgnted'alternate;yugyefy-fifth TOW. The ngmber of sgedlings
in a waoof segmentiof each row was couptgdnip~Fhe_fall of 1963 and %n the

spring of 1964, The same pprtion of the row was not counted in the gpring

‘and fall determinations, As a result, some spring readings exceed btheir

corresponqiyg'fa}l regflingso When ﬁhig oqcurred, the percent spring
survival was considered to be 100 percent.

Data on 1962 seed wgightslpeﬁ 100 seeds gnd seed yieldlper plant
were made availablefpy‘R° Egﬂﬁslick of the.flant and.SquISciencemDepartm

ment at Montana State College.




MATHEMATICAL AND STATISTICAL FROCEDURES

Most calculgtions were made on an I,B.M. 1620 digital compuber at

the Mbntapa State College Computer Laboratory.

The only manual calculations were made in arriving at the correction

factors‘to>adjust cotyledon area, leaf area and dry weight so that they

would be comparable between different planting dates. These factors were

calculated by dividing.?he average of the three checks at a given planting

date_iéto the overall experiment check average. The correction factors

for area also included the conversion factor %o convert areas in (1/4.)2

incheg to mm.2°

From the data present on the initial cards the computer made 13

mathematical calculations, They were:

1.

3.
4o

Initial cotyledon area = 6,53 + 9,57 §19§3V§pitial seed weight/
100 seed), This formula is based on data collected by Lin (41),
This equation gccounts for 69 percent of the variability in initial
gotyied9n area.,

Qorrgcted final cotyledon area = true cety;edon area X correction
factor,

G9ryecﬁeq_fipa} leaf area = true leaf area x'qorrection factor,
$9ta}_fina1 photosynthetiq areag = cofreeted final cetyledon area
corrected ?ina}_ieaf area.

Ggrrected dry welght = true dry weight x correction fachtor.
Relative growth rate of cotyledon area 2‘[19§ev9f gorrected

final cotyledon area = log, of initial cotyledon areé] /30,
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10.

11,

12,

13.

14
Relgtive_growth rate.of ;eaf area-= [loge of corrected final leaf
area = log, gf initial cotyledon areaJ /30, |
Relative grpwth rate of photosyntbetic arg§=_Eloge of corrected
final photosynthetig area »rloge of initial gotyledqn area] /30,
Relative grgwth rate {dry we;ght)f [}oge_of final'corrected dry
weight - 1ogé of (1963 100 seed weight/loo)] /30,
Net assimilation rate = [(corrgcted final dry weight = 1963 100
seed weight/100) (Loge of corrected final photosynthetic area -
log, of initial_gotyledon arga)] [(cqrrected finallphotosynthetic
area - initial cotyledon area) .€§0)1“°
qurected fall establishment = true fall establishment X correction
fgctor.
Corrected spring stand = true spring stapd X correction factor.

Percentagé winter survival = (corrected spfing stand/corrected

fall esﬁgblighmenﬁ) (100)3

Simple correlation coefficientsg were calculated between all variables

excopt the true data and the correlation factors. It 1s obvious that some

correlations may be meaningless in that one or more variate has been used

to calculate another, For example, a correlation between seed weight and

initial cotyledon area may be meaningless because initial cotyledon area:

"was calculated from seed size,




RESULTS

a4 relative}y gp?form_gmergeqce ?ime_g# gll_plan@ipg ggﬁeg_wag pbserfed,
In only rare iﬁs@ances were there less thgh l@_see@%@ngsnp:esgnt per pot
four daysngfﬁer plant?pg, Perc?gtgge germipa?ion was va;}ablea but in
only 14 cases 834 20 scaritied sesds f411 to Supply 10 sesdlings per pot.

The check Va;'j._g_’sieg‘i__9 growp'gt“each“p;an#inghdgtga_vayied iq leaf area,
cotyledon area and dry ngg@t probaply_dge tg ???Q???éa?iQ? ip temperature
and 1ight.dgring_ﬁh§ exp?r¢geptal pe?iod? Nq Qeﬁailed‘dgﬁa_were rgcorded‘
on the temperatq?e in thevglass_box whgre the geg@%ingg.weyg grown,

Tgb}eAII_has pggn presentgd_?o Qes9ribe’brief;y the po?ulationqused
in this study:'_@hréiétively_}a?ge range existed for all characteristics

determined, except for initial cotyledon area,

e 100-seed-eight correlations betueon harvest methods and seed
yield Pe?_plan@ in ﬁwpmyegrs are presen?éﬁ"in_IaP}e*II;a‘ Tﬁe 100~-seed=
welghts were not changed by hand-picking mature pods. in 1963. Sieving .-
somewhat altered the 100-seed-weights as compared to the bulk harvested
100-seed-veights in 1962,

The Tulk harvested 100-sesd-oights produced in different years were
correlated. Thé yieldsAqf seed per plant produced in different years were
not correlated; -

Gotyle@gn %{??g_

Seed weight and initial cotyledoﬁ area were correlated (r 1.,00)
but this_was expected bgqauge_init;al_coty%edpn area was~ca1culated from

seed weight.: Initial cotbyledon area did not affect cotyledon area at four




Table II. The average variation and standard error of several measurements made on randomly
selected clones of Tana birdsfoot trefoil (Lotus corniculatus L.) plants

Measurement Unit of Measure Average Variation Standard Error N
1963 hand picked seed gm/100 0.1281 0.1956 0.0858 0.00147 137
1963 bulk seed gm/100 0.1288 0.1954 0.0847 0.00146 137
1963 seed yield/plant gm 6.2396 22103 0.410 0.67340 133
1962 sieved seed gm/100 0.1458 0.1907 0.1177 0.00137 115
1962 bulk seed gm/100 0.1193 0.1721 0.0810 0.00132 137
1962 seed yield/plant gm 14.4687 97.27 0.440 0.14870 137
initial cotyledon area mm2 6.5400 6.549 6.539 0.00051 137
R.G.R. cotyledon area mm? /mm2 /day 0.0610  0.0855 0.0367 0.00065 137
final cotyledon area mm2 41.90 85.16 19570 0.08044 137
R.G.R. leaf area mm2/mm2/day 02151 0.2444 0.1860 0.00122 137
final leaf area mm? 4561.76 9980.9 1749.6 174.73 137
R.G.R. photosynthetic area  mm?/mm?/day 0.2155  0.2444 0.1870  0.00121 137
final photosynthetic area mm? 4603.66 10027.1 1785.8 174.66 137
N.A.R. mg/mmz/day 0.00170 0.002942 0.0004061 0.00004845 137
R.G.R. (dry weight) mg/mg/day 0.3368 0.3728 0.3062 0.00141 137
final dry weight mg 35.08 110.87 10.60 1.6054 137
fall stand plants/2 ft. 67.5 93.0 34.0 1.023 115
spring stand plants/2 ft. 47.9 84.0 12.0 1159 115
winter survival percentage 76.98 100.0 28.9 1.225 115

_9‘[..




Table III. Correlation coefficients of seed weight measurements and seed yields obtained from
randomly selected clones of Tana birdsfoot trefoil (Lotus corniculatus L.) plants.

3 [
eeé 3 gee \'G\' eeb c‘l"eb
Q\-\& ¢ \,e"e' (,5\'3(\ AN ® = &@“ v
v vy A S A el e

1962 total yield per plant 120 0.282%%  0.246%% N.S. N.S. N.S

1962 bulk seed weight 120 0.745%% N.S. 0.218%* N.S8

1962 sieved seed weight 119 N.S 0.270%* N.S,

1963 total yield per plant 109 0.165%  0,236%*

1963 bulk seed weight 109 0,997%% =
1963 hand-picked seed weight 109 by

* gignificant at 0.05 probability level;

%% gsignificant at 0.0l probability level
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weeks nor did it a?fget 1§af area or ph?tosyg?hgtic_grea_at fou: weeks .

Initia}hgoﬁy;edop_grea o?'segd weight_hag gnh;ghly_ségniiicgnt
negative correlation coefficient with relative growth rate (d;y weight),
Initial'coﬁyledon area was correlgted with pgrqentgge_gp;ing'su;viVal,

The relative growth rate of cotyledon area was highly influential
in determining final %{ cotyledon area (Table IV)O_ Relative growth rate
of cotiyledon area accounted for 96 percent of the variabion in final
c:otyledon_a-:c'eak‘3 Thg'?em?inipg_A p?rcent of jarigtioqlgay pe due to
random_var%é?ion and[or differences in initial cotyledon area.

QOtyledon area apd_thg répe of equgsiqq‘of_¢otyledqp area did not
influence the re%a??vg growth rate of leaf area or tye fina; leaf arvea,
Both the relat%vgigrgwth rapglof cdtyledon area ggd final cgtyled@n area
) affgcted‘fal}>sﬁand Sigpif%cantly, yvet they did not affect spring stand or
percentage_spr%gg survival, ' i

- The cotyledon area at four weeks was correlated with net assimilation
rate but did pp#ﬁéffect two of the factors used to calculate net assimila-
tion ratg, namely final photosynthetic area and final dry weight,
| Tablg v shows‘thencorrelatio? coefficients obtained among leaf area

data and other growth measurements,

Y fingl = a8 used in thig paper with cotyledon area, leaf area, photo=
synthetic area, or dry weight is the area or weight at four weeks
after emergence,




Table IV. Cotyledon area measurement interrelationships and affects of subsequent
growth measurements.

theorized sequence of dependency >
Cotyledon Area Leaf Area Photosynthetic Dry Weight
Leaf Area
initial RGR final RGR final RGR final NAR RGR
— 0.142—

—0.980"%
— 0.156 ———m8
— -0.047 —4m4M8M ——
p——— -0.095 ——
—-0.081+
} -0.006 ~
- -0.108 ——m ———

p— -0.098 —

} -0.046
-0.090

p————o- -0.076 ——8

' -0.065 {
-0.104

t -0.094 1

¢ 0.017 —
05137 —

0.169% =)

61




Table IV. continued

theorized sequence of dependency >
Cotyledon Area Dry Weight Stand Measurements
percentage
initial RGR final RGR final fall spring survival

b————— -0.273" %
p—— =0.003 ——

— 0.023 —

| -0.065
——— 0.037

f——— 0.208%————

gl |

: -0.135 g
% 0.209% ——
iSOG '
; -0.027 :
: 0.134 y
- 0.100 =
; 0.198* !
: 0.155 |
} 0.139 —

* gignificant at 0.05 probability level; %% significant at 0.0l probability level.

0¢




Table V. Leaf area measurement interrela

tionships, and effects on subsequent growth measurements.

theorized sequence of dependency >
Leaf Area Photosynthetic Dry Weight Stand Measurements
Leaf Area percentage
RGR final RGR final NAR RGR final fall spring survival
i QLAY

F———— 0.999™*—

e 0,977
Jek

(correlation coefficients)

e e T T
—— 0.999™% —
b -0.089 —
iy HURES iey
; 0.585*% :
; 0.564%% g
| 0.610"% i
b 0.602%% ;
I #0112 |
: -0.103 p
: -0.026 ;
- 0.002 y
: 0.038 ,
I 0.054 {

% gignificant at 0.05 probability level;

%% gignificant at 0.0l probability level.

) i/
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The relative growth rate of leaf area accounted for 95./ percent of
the variation in final leaf area, The relative growth rate of leaf area
and final leaf area accounted for 99,8 percent of the variation in relg-
tiye growth rate of photosynthetic area and final photoqynthefic area,
respectivel:}°

The relative growbth rate of leaf area and final leaf area did not
affect net assimilation rate; howesver, they affgcted the relati%e growth
rate (dry weight) and final dry weight,

There were no significant cqrrelation coefficients among leaf area
measu?ements and field stand measurements.

Photosynthetic Area

The relationship ef photosyﬁthetic area measurements to all other
growth data were the same as for the leaf area measurements (Table VI),
This was to be expected due to the high degree of relationship between
leaf area deﬁerminations and photosynthetic area measurements.,

Dry Weight

Net assimilation rate significantly influenced the rélative growth
rate (dry weight) and final dry weight (Table VII), - Relative growth rate
{dry weight) accounted for 88,4 percent of the variation in final dry
weight, Dry weight measurements were weakly related to stand measurements

as shown in Table VII,

Standard Measurements

Fall stands accounted for 50.4 percent of the variation in spring
sbands as shown in Table VIII.. The remaining variation was attributed

to winter killing,




Table VI. Photosynthetic area measurement interrelationships, and effects on subsequent

growth measurements

theorized sequence of dependency

Photosynthetic Dry Weight Stand Measurements
Leaf Area percentage
RGR final NAR RGR final fall spring survival
— 0.977%%,
Eeelty PR 089 st (correlation coefficients)
+— -0.105 —
- 0.585"2
———— 0.564%%
0.61172
0.602%%
=00 112 i
- -0.103
=0.025 —
0.002
0.039 4
0.054 =

* significant at 0.05 probability level;

*% significant at 0.01 probability level

(XA




Table VII. Dry weight measurement interrelationships, and affects on subsequent
growth measurements.

theorized sequence of dependency >
Dry Weight Stand Measurements
percentage
NAR RGR final fall spring survival
e 0, GORNE &
TS WS Y ) ]

(correlation coefficients)
EELEY L T L SRR

; -0.102

—ee O 1o ~

e 0,128 )
: -0.173* i
' -0.173% i
; -0.112 §
b 0.051
-0.089 |
\ 0.011 4

v

* gsignificant at 0.05 probability level; %% significant at 0.0l probability level.




Table VIII. Stand measurement interrelationships.

theorized sequence of dependency

A4

Stand Measurements

percentage
fall spring survival

et 11, TET )
= 0.066 i
— 0.648™———

(correlation coefficients)

Ge

* gignificant at 0.05 probability level

*% significant at 0.01 probability level




) DISCUSSION

A definition of seedling vigor briefly stated is: the ability of a
geedling to_§§tablish itself"by ovg?cqming o;_@eing insensitive‘to environ- -
mental fagﬁ?rs that tend to supp{essw%?? A problem ay@éggwip trying to
define g’seedling, especially with respect to the upper age limit, In
this_thgs%s a seedling‘has_bgep ﬁhought of as the re—distribg@eg.growﬁh
and gubsequpt peﬁ'grpwyyhpypduqed dgr;gghthg_?ifﬁp growing season of
birdsfoot trefoil. An assumphion was made’ that seedlings capable of
accnmglatiyglﬁ g;eéte;mggoggt_éfldyy matter_were mgrg_v?.gorous_inﬂfc_.@a_r?~
@@93 appa?eﬁtly were able to grow well under the existing envirommental
conditionsg,

Variation of the 100-seed=-weights and growth measuremen%s Were Con
sidered desirable for the reason that the analysis was one of co;relatioﬁ,
Of special interest were the range and standard error for nét assimilation
rate, Shibles and MacDonald (28} and Black (4) have reported that net
assimilation'rates were the same among varisties of birdsfoot trefoil and
subberranean clover respectively (Table I). Cooper &/ and Lin.é/ found
that'pet assimilation rates differed as shown in Table I, If the data on
net assimilation rate presented in Table II are pub into.the form used in
Table I, it agrees with Iin's =74 results, The data concerning relative
growth rate of leaf area and relative growth rate (dry weight) also agree
with Lin 2/,

Seed Weight

One-hundred-seed weight was a heritable trait as shown by the sig-

nificanf correlation coefficient of 100-seed-welghts obtained in 1962 and

1963, 8election for 100-seed-weight is possible, Selection for seed yield
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per plant may_not be.effective.because of the nonfsignificant correlation
foupd that two cycles of selection produced no apparent gain in the amguht
of seed produced per plant, However, yield is not a simple characterigtic
and yield per ge may not bg heritable, yet breedgrs have been able to select
for seed yield or components of seed yield with success.

Seed weight has been shown to be highly'correlated wiﬁh.embryo_size
(4). The\larger or heavier seed has been reported to produce a more
vigorous seedlingwwith-respeet to height:(10; 15), .cotyledon area-(4), = -
leaf area (5, .23, 28) and dry weight (5, 15, 30)., The length of time that
a large seed contributes to a greater photosynthetic area and dry weight
accumulation in birdsfoot trefoll is apparently less than four weeks
(Table IV), The author will agree that seed weight affected initial
cotyledon‘area but the initial photesynthetic area advantage mugt ?e shorte
lived as seed weight was not gffecting final cetyledon area or subsequenﬁly
qevelbped leaf area., A4 larger initial cotyledon area may be advantageous
?hgn light is limiting growth. In this experiment competition for light
was considered negligible because only 10 seedlings were present in a 16
square inch area,

The highly significgnt negative correlation coefficient between 100-
seed-weight and relative growth rate (dry weight) was not expected. The
weight of one geed was used as the initial dry weight in the calculation

of relative growth rate (dry weight) per plant. A&n examination of the




loge of numbers in the range of 0.901965 to 0.00085 ghows these numbers
have large negative values and thus are very ip?luential in detgrmining;“
the relative g?owth ?ate (dry_wgight)n The possible overweighting of.the
inipial weights by.use of this standard formuls could posgibly lead to
thisg unexpecﬁed result, '

:Spring stand and 100-seed-weight were also statisticallyArelated.
The stand data muét be used‘with caution due to the procedures used in
obtaining the preliminary data, One limitation of the étand trial“was
that it was not replicated, Non—uniform séeding rateg may have resultgd
in intra~row competition confounding the results. The seeding rate was
not“based on 8 pounds of pure live seed per acre but rather on 8 pounds’
of seed per acre,

Cotyledon Area

The relative growth rate of cotyledon area was a more potent deter=
minant of final cotyledon area than was the iﬁitial cétyiedon area, The
gffect of seed size may not extend beyond initial cotyledon area develop-
ment, Black (4) stated that seed size determines initial coty’ledon.areao
However, he found that the initial cotyledon area was correlated with
subsequent leaf area expansion and dry weight accumulation in subterranean
clover for a perlod of several months, Apfarently in birdsfoot trefoil
the initial cotyledon area does not influence subsequent growth of ieaf
afea and the initial phetosynthetic area advantage, if present, is obscured
or absent at the end of four weeks.

Otn the Basis that the three measurements determined on cotyledons can

be related to field measurements, it may be concluded that a relationship
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existsf Final cotyledon area and relative growth rate o? cqtyleqon area
were related to fall stand and initial cotyledon area was related.tp winter
survivai, Survival.was a funcfion of- spring stand which in turn wés“a func-
ti?n_gf fall gtand, 4l though the exact relationships ﬁeme not well egtabm
lished i@ this study, iﬁ'mould be unreagonable to agcribe the repoited
relationships to chance alone, The field measurements were of a preliminary
pature and pgrhaps ﬁore refined trials utilizing replications, precise
gseeding rates and stand counts might bebtter reveai the extent and nature
of the relationships involved.,

Leaf Area And Total Photosynthetic Leaf Ares

Since the relative growth rate of leaf area and relative growt@ rate»
of photesynthetic leaf area were highly porrelated (Table V), the relgtive
growth rate of cotyledon area was not contributing appreciably to ﬁotal
photogynthetic area, Hereafter only relative growth rate of photesyn-
thetic leaf area and final photosynthetic area need be congidered,

Growth.Rate and Drv Weight Megurements

bl

The relative growth rate of photosynthetic area acoounted for 34
percent of the variation in relabive growth rate (dry weight); The remain-
ing variation should be accounted for by net assimilation rate but only an
additional 48 percent of the variation in relative groﬁﬁh rate (dry weight)
can be ascribed to net assimilation rate. This leaves 18 percent of Phe
variati?n iﬁ relative growth rate (dry weight) unaceounted for by these
two measurements, More cemplex cerrelation analyses uging mulbiple and
partial correlation analyses may increase the practical value of these two

meagurements in predicting relative growth rate (dry weight)., Final leaf
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area (36,2 percent), net assimilation rate (47.9 percent) and final cotyledon
areé (403 percent)_accounted for 88.4 percgnt of the varigtion in final dry
weight using only simple correlation analyses.
Beinhart (2) has reported that leaf area was a more potent determinant

of dry weight than net assimilation rate in white clover (Trifolium repens

L?)a ?he preceding resulbs with birdsfoot trefoil do not cpnfirm Bginhart‘s
conclusions with white clover, In birdsfoot trefoll net assimilation rate
was at least.as..potent-a determinant of dry weight as leaf area.

The ultimate goal; assuming that dry weight is an estimation of seeds
ling vigor, wasnboudetermine these faetbrs”that contribute tp dry matter;4
accunmulation in-seedlings, The forsgoing results and discussion have
pointed gut thesé,faétorso Table IX can be utilized to develop_a:s?que§ce
of gvents that will laad to greater. sgeedling viger, Figure 1 represents
this growth sequence’ as a flow diagram, The coefficients of determination
(r?) are presented to give the reader.an indication of the relative effect
of one factorionsthe wvariation.of the .succeeding growth compenent and the
combined effects of:éhe geveral growth componentg,

Greater séed:weight wiil produce a larger initial edtyledon‘area'whiéh
in turn is affected by relative growth rate of cotyledon area to produce
a larggr_finalccotyiedon aﬁea 2/, Cotyleden area did hot affect ;eaf ares,
in this study. A4n increased relative growth rate of leaf area results in
a greater final leaf area, Although not a determinant of net assimilation
rate, leaf area affects the relative growth rate (dry weight) and thereby-
contributes to seedling vigor, Superimposed upon the greater leaf area isg

net agsimilation which influences the relative growth rate (dry weight)., The




Table IX. A summary of relationships existing among various growth measurements in
birdsfoot trefoil (Lotus corniculatus L.)

theorized sequence of dependency —>
Cotyledon Area Photosynthetic Dry Weight Stand Measurements
Leaf Area percentage
initial RGR  final RGR final NAR RGR _ final fall spring survival
p—— 0.156 ———
[ 0.980:*
A 0.198* 4
\ 0.209* : :
f— B I d
| 0.208* ;
o r 0T
———— -0.089 ————
— 0100
Ve 4
P BEA
p——————— 0.611*% —
RIEMET E R e S U
— 0.694™%
e 6D
H0.941%%

p——— -0.173* !
e B Wi L PR

€

* gignificant at 0.05 probability level; %% significant at 0.0l probability level.
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(coefficients of determination are for significant correlations only)

Figure 1. A schematic presentation of growth components contributing to seedling

vigor in birdsfoot trefoil (Lotus corniculatus L.).
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{9lgtive growth rate (dry weight) ig the final determinant of seedling
weight_or vigor.
To obtain seedlings with maximum vigor, selection shou}d be in gqch
a manmer as to combine maxinum cotyledon area and maximum leaf area with
@aximum net assimilation rate, Selection for these three compoéents gf
gseedling growbth could be more effective in attaining a vigorous birdse

foot trefoll variety than gelection for dry weight alone,




SUMMARY

) Seeds of 120 randomly selected clones of Tana birdsfoot trefoil

(;oﬁus corniculatus L.) were used to study some of the early vegetgtiv§
growth traits. 'The measurements stressed were those which were expected
to contribute to greater dry matter accugpulation,

Ten seedlings were grown in a plastic pot for four weeks gfter
emergence. - They were harvesgted and rootg were washed free of sand.
Cotylédon and leaf areas were determined by enlarging yith a pmoj?ctor,
trécing»and:counting‘the squares occupied by the images, Entire seedlings
ﬁere then oven dried and weighed, |

Data on the fo}lowing variables were analyzed by simple correlations

1. one=hundred=-seed weight of seeds produced in 1962 and 1963

and total séed yield per plant, .

2. area of initlial and final cotyledon, final leaf, total leaf,

3., final dry. weight of seedlings.

4o relative growth rate of cotyledon area, leaf area,; total leaf

area; and dry weight,

5. net aggimilatien rate,

6. .field stand in the fall and spring and percentage winter’survival,

The cotyledon area accounted for 4.3 percent of the variation in dry
weight. Leaf area accounted for 36.2 percent of the vgriation in dry
weight, and net assimilation rate accounted for 47.9 percent of the varia-
tion in dry weight.

Leaf area‘was independent of cotyledon area and net assimilation ra?e

was independent: of leaf area, Leaf area and net assimilation rate accounted
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for 31.8 and:48,2_;pereen'b » respectively, of the variation in relative
growth rate (dry:.weight).
The effect of seed weight was obsqured at four weeks after emergence,
It was concluded .that’ gelection for max:men cotyledon and leaf area,
and net assimilation rafé would be useful in dévelopi_ng greater seedling

vigor in birdsfoot trefoil,
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