LUCERNE POLLINATIOQN.

Effect upon seed production and hybrid vigor.

Read by - J.i. Hadfield, Leronomist, Pl ant Research

Station, Palmsrstoa Horth, before the gy Zeal and

G assl and Association, October, 1934,

M. R.4. Csldizr and. 1 are sngagea in the
breeding of lucerne, aai beoauss such a project negecss-
itates an intimate kncwlcdgs of the pol lination and
fertilization of the¢ cropunder considsration, appropriate
investigations have bscn undortakon.

o - The invostigation maybe divided i nto threw
divisions, viz.:'-

() How pollination is e¢ffectud.
(b) Pollination in r. lation to sccd production.
(e¢) Pollinationin rclstion to hybrid vigor.

_ Ths investigation 1S not gomplote, more
particularly in that r.lating to hybrid wigor, and this
paper must be regardce mercly as a progress roport.

(a) BOWPOLLINATION | X BRFECTED.

The structur: Of the lucwurne flower ig such
that the style and stemcns are snclossd I1N,.a tense pog-
ition Within the kel and until freea arc; incapabl o of
functioning normally although und<r such conditions a
few sweds My devolops When this tension is released,
the style and stamens soyring forwara, causi nP the anthers
to burst sna the stigma to strike with some force against

the standard. This action allows the pollen t0O become
available for, and the stigma subject to, cross- or self-
ol l'i nation. The yrocess is referred t0 as "tripping

he flower,™" ana on Its occurrence, and method of occur-
rence, depends the ultimate production of seed.

During the flowering perioa the lucerae crop
Is visited by many forms of insects but unfortunately
few of them seem tO sffect tripping. liember S Of many
species hnve begn listed as being Oof some value in this
respect in other countries, but at Palnmerston North only
one type Of bumblc bece, probably Bombus hortorum shows
any inclination to gather nectar by first tripping ths
flower. Honey bees which are very prevaleat, the large
bumble bge which IS raths» morc rare, and other insccts,
seem sufficicntly contont tO collcet their nectar by
crtering the tongue at the hage of the coralla tube.
On the rare occasi ons when the honey boe Nas besn observed
to effcet tripping whilc taking nccter, the tonguc ras
been trapped, much to the consternation of the bee, which
finds di prl culty in qetting free. Cont i nuous observation
of one honey bves working ON lucerns has rsvealed on an,
avsrage one flower tripped every fiftcen minutes.  This
I'S ¢ffceted I N various weaiys asS the bee Clinbs around the
racems S; but only on the rarest occasion's would the
tripping be effsctsd in such a manner ag to bring about
cross-pollination, wunless foreign pollsn were already on
the standarad Of the trioped flowsr. i n exam nation of
honey bees has shown that they dO cerry pollen on vari ous
parts of t¢he body, gad ihe Standards of untripped flowsrs
nave al SO revsaléd adhering pollen grains.



2 B

The small bumble bee on the other hané works
very rapidly, pushes boldly into flower after filowsr, and
Is struck each tine on the under part of the body by the
stigma and anthers. This effects a double purpose+
Poll'en is forced against the body and carried away by the
bee, and the stigma comss into contact with pollen prgv-
iously collected from other flowers on the same or differ-
ent plant.

Tripping is slso effected by changes in
tenperature, by agitatios from wind, and sone seed is
al so form:d apparently ia the absence of tripping.

. Attenmpts to catch wind-borne pollen on preassd
slides exposed in the crop have given negative results,
Put Itlhey m ght conceivably bo very different in ancther
ocality.

_ Flowers can be artificially tripped quite
readily by manipulating the racemes betwsen the fingers.
The observed increase in seed 1gd to the inaugeration of
a trial inkarlborcupgh, the purpose of which was to devisc
some | npl enent thzt woul d, when drawn over the field, trip
a large nunber of flowers without causing undue injury.
Resul f's are not yet complete, but so far have proved
negati ve. Such artificial triplpi ng nust, of necessity
to a large extent cffect self-pollination, and since self-
fertilization as will be proved later, results in such a
marked reduction in..viagr.. this_means of increasing seed
production is of aocubtful ultimate val ue.

The first trials here were undertaken in
1931/32 and 1932/33, thc object then being to evolve a
satisfactory technique for crossing plants without resort-
|nfg to hand pollination. The bumble bee was found vorY
effective. Sel f-pollinated pods werg small, cross-poll-
inated, pods large, so that it is possibleto differentiate
betwecn seglf- and cross-pol linated pods with sufficient
accuracy for ordinary breeding purposes.

(b)  POLLI NATION I N RELATION TO SEAD PRODUCTION.

Seed productioa IS extremely variable between
unrelated pl ants. If in 8 series of treatments aiffsrent
pl ants were used the resuits mght be o reflection of
physi ol ogi cal differentistion Not due tO the trsatment,
and therefore % guitc mislsading. Thereiore I N any
series of treatments onc plant has been used, or what is
virtually the sams pl ant, since cuttings have been orop-
agated and the ¢loncs us:zd. |n such a case, each trsat-
mént would contain one clone, all from the same mothcr
plant, that is, the szveral treatments are brought to
bear on several glones, =11 originating fromthe seme
parent.

On the other hand, clonss from one parcat
vary in size to such an sxtent that total seed yields
fromclones woul d be nearly as mislsading as fromuarel-
ated pl ants.  SOme othcy system must bs enpl oyed.

The nethod zaopteda has hesn to take several
heal thy branches, e¢xamine the racemes, and count the
nunber of florets. The number Of pods formed is then
counted so that a percentage IS determinsd of the number
of pods set to the total number of Florets that could have
set pods. This gives the figure "Per cent. of Florots
setting pods.” Finally the number of seeds per pod is
det er m ned. By multipiying the percentage of pods sst
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by the seedsperpod, 5 figure i s obtained i ndicating the
number of seeds produced. for every 100 florets.

Trial 1: A prelimnary trial designed to determne the
effeots of different m&hods of pollination upon the proa-
uction of sced 1931/32.

; of Florets No. of Sy ped
sctting pods. seeds 100

per pod. Florets.

Treat ment .

1. Open pollination, . 30 2 60
2. Enclossd but not
tripped, .. ... ... .. 8 2 16
3. Enclossd and ;
tripped, a......... 53 2 - 106

4. Hand crossed wth
flower from sane
plant, . . . . . . ...%. 44 1.8 79

5. Hand crossed With
flower from another
plant, «..eiviessa. 80 6.0" 480

r
. The various treatnents were undertaken with
different plants and not on clones of the one plant.
In all later trials clonss were used. Neverthel ess
cr035|n% with pollen from another plant has resulted in
a

a remarkable increase in sced yield.

Trial 11: Designed to estimate the increased yield from
tripping. Clones were used and the trial
replicated 5 tines. Season 1932/33.

% of Florets No. of Seeds per

5ctting Sceds 100
Treat ment . pods  pPeT pod. Plorets.
1. Qpen pollinated, .. 26.5 4.2 111 ,
2. Open pollinated
and' tripped, .o 50.6 3.3 16'7
3. Covered and
tripped, . . vooene 41.0 2.1 86

4. Covered and not
tripped, . cosenone 16.0 1.9 30

The results of this trial indicate that:-

1. Qpen' ﬂolli_nation aided by artificial tripping has
increased the yield of scsd by 50.4% over and above that
produced bg open pollination al one. This has been
effected by nearly doubling the percentage of. florets
that have set seed. @ One mmy suppose however that artif-
icial tripping will increase the proportion of self-fert-
ilized flowers and this scsms to be reflected in this
case by a reduction in the nunber of seeds per pod.
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2. Tripping has alsc increcased sced Yield in the covsred
plant (3 and 4) in this instance by 187%, with no apprec-
iable difference in the nunber of seeds per pod since
both werc sglf-pollinated.

3. Ei t her the exclusion of insects in the covercd plasis,
Or thg shelter and ghade afforded by the covers has reiuced
sced production.

Trial 111: To dcterminc the possibility of using the
bunbl ebee as =z pollinatiag agcatunder cages.
TRE4 THEHT.
en Beg
Pol | Tnated. Pollinatci

Per cent. of pod-bearing racemes, . . 36.6 73.2
Per cent. of florets setting pods, . 19.7 49.c
Number of sceds per pod, . ..*....... 3.3 3.6
Number of seeds psr 100 florets, . . . 65.0 176.4

Two ad jacont plants werc arranged so that a
few branches of cach were encl osed withia a cage while the
rest of cach plant was exposcd tO open pollination.  Qne
bunbl e bgs Was maiatainca in the ecege 'to effect pollinat-
10n.

Under bee pollination double the nunber of
racemes bore pods, and acsrly three times the nunber of
sscds were produced for sasch 100 florets. The increage
in sced-production IS thereforcvery great. It seemed
possi bl e to separate the crossed pods fromthe seifcd
pods according t0 size cad colour, end :seeds from lorge
and small pods from trials 11 and 111 vere sown and form
thesubject of trial VI11.

Trial 1V: season 19%%/1934,

o In this trini the Director of the Horticulture
Division permtted Iir. Robinson, Apiary Instructor,
Palmerston liorth, to assist, and he established and carcd
for the necessary hives of honecy becs. The trial was
designed to dctcrmine the relative performance of Bumble
bee, Black Honey bee, Italian honey bee, Hybrid honcy bes,
as against open-pollination and self-pollination, in thcir
ef fect upon seed sctting saG the vigor of the crop raissd
from this seed. Only thc results of tho seed production
arc avaeilsble NnOw.

. . The cages were ]ox6x6 £+ high and constructead
with string netting overlaid wWth nosquito netting

_ “In each of tha honey beccages smal |  two-framc
hives wesre installed, ths number of bees in each boing
about 4, 000. The bumble bee capge was only half the sige
of the honsy bse cages, and an gndeavourwas nmade to
maintain an average of 5 to 6 bunble bcesin their cage
t hroughout the flowering poriod .

The open-pollinated bl ock was situated on the
sunny side of the trial ia a well sheltered position.
It was observed that fer mors bees were working on this
plot than on aay othir cxpossd lucerns on the ares, =nd
therc 1S no doubt +4h= rosults obtaincd fromoepen-pollin-
ation are higher than shoul d have bcen t he case.
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Eightcon perent plants were used, and cagh
cage contained one clone fromeach of the parents, nmaking
18 clones per cage. Owing t0 the lay-out of the exper-
iment the results have to be presented in two sections,
and the figurcs in onc cannotbe conpared directly with

those - of the ot her., A summary of the results is pres-
ented.
Trial 1Va: B

p f No. of Seeds pgr

florets to seeds 100

Pol linating Agent. set pods. per pod florets.
| nsects excl uded ( selfed) 1. 27 2.2 2.8
Qpen pol linated, . . . . . ...16.8 3.8 63.8
Black honey bee, +..ve¢.0.25.7 4.4 113.1
Italian honey bee, . . . ...23.6 4.8 113.3
Hybrid honey bee, vevess23.9 4.2 100. 4

There is no significant difference betwecen
the three honey bees. The fact is proved that honey
bees will trip flowers and induce saed setting, but in
this instance the concentration of some 4,000 honey bees
within such a small space no doubt accounts for the large
setting of seed. Despite this ooncontration of honey
bees, they tripped and caused seed to set on not mors
than 25 per cent. of the florets available.

The bunble bes on the other hand set over
40 per cent.

Trial 1Vb; Zage of No. of Seeds per
- florets to ~Seeds 100
Pollinating Agent. sct pods. per pod  florets.
Bumble bee, «eeese.. 40.8 3.7 151.0
[talian bes, sesesss 36.7 3.5 128. 4
Open pollinated, .. 18.2 3.3 60. 1

Reasons have already been given why the
results of the open-pollinated plots are deened to bs
hi gher than normal . Counts were therefore made in a
pl ot of lucerne about 150 yards away and. this revsalcd
the following: 130 racemes produced 2743 florets.
these florets 377 set poas, SO that the psrcentags to set
seed amounted to 13.7. The pods contained an average
of 2.7 seeds so that ths final result is 37 seeds per
100 florets.

It may be concluded that five o six bunble
bees have caused far nore seed to set than 2,000 honcy
bees. As a pollinating agent the bunble bee is entirely
cfficicnt, the honey bes relatively inefficient.

Just how much of this seed is cross-pollin-
ated and how nuch self-pollinated will be revealed in
the relative vigor exhibited when the seed from the
different treatnments is grown.

On ng to thc somewhat variable size of the’
clones, the yield of secza fromthis trial is not
recliablc.
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(¢) . POLLINATION 1§ RELATI ON TO HYBRIU VI GOR

Thesc trials are designed to determne the
relative productivity .of sced that has been produced
under different methods of pollination. The main tria
inthis conne ction will s uwndertaksn nsxt season, With
$ced derived from trials 1Vv.a and 1V.B.  In the neantine
the follow ng results arc very significant.

Whils MANY wowkers have drewp attention to
the importance Of crose-pollination in the setting of seed,
they have not s4regssa, so far as the ypeaker IS awars,
the productivity of sucl seed as revealed by wei ght of the
resultan® progeny. That it IS of gignificant econom c
importance seems anply proved, and any insect that induccs
cross-pollination scrves a double purpecse in that it
I ncreases the yield of scea and sush seed is of grester
potential value than that produccd when partially gelf-
fertilized, as appears to occur under preseant field
condi ti ons.

Trial V: Season 1333/34: Designed to determine the
grecn weight yi el ds obtai ned
fror secd that has been sclf-
pol [inated as against thnt
croduced from seed on the sams
plents Whi ch has resultca from
open pollination (this in ¢ffect
is partly self- and partly cross
pol [ination.)

Green Weight vyield of proesny iLn pounds per plant.

Ist Cut. 2nd_ cut, 3rd cut.
FF)’larent Se¢ifed Open Sclfed Open Selfed Open.
ant.

45/24 59 1,13 .32 1.3 0.0 .16
47/23 1.30 .1.62 1.31 1.34 .14 .18
28/17 .67 1.17 1.07  1.36 47 .65
54/17 731,39 .85 1.35 .28 47
56/18 96 1.32  1.29 1.69 .35 A4l
60/23 g7 144 1.1 1.87 .32 .67
70/13 L7 1.9 1.88 1.96 47 67
72/23 1.15 1.60 1.8 1.65 .47 .62
84/5 .50 .97 S 1.27 A3 .53
88/20 8" L1.18  1.82  l.éall .75 .85
120/14 Y 1.4% 0 1,35 1.38 48 .83

Totals, 1¢.08 15.20 13%.23 17.4C 4.16 6.04

-

Significance IS established , The incrc=se
of open-pollinated over seclf-pollinated anounts to 40.66%.
Ev?ry rssult I S consistent except the second cut in
88/20.

Trial V1: 1933/34,

In this trial a stage further 1S reached but
unfortunately insufficient material wes available to
prove the point in this =gt season.

4

Open pollination may be regarded as resulting
partially in self- and partly 1n cross-fertilization
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When bunbl e bees are iatroduccd the bulk of the pollin-
ation may be regerded as offecting cross-fertilization,
This trial was designed then t0 compare normal open

pollination with what may bo reperded as dom nantly cross-

pol I'i nati on. Only two plant s were avail abl e affording
one CrOSS.

Green weight yield of progeny in pounds per plant.

-y Damin
Open pollin. CGT08S

inantly Open Domnantly

Pollin cross-poll.
parent pgllinr Parent 5572:4:;52724

v &fR% . 527 R2Ax53/24 D3/ 2%
1st out 3G.1.34 .88 1.08 1.17 1.30
2nd out 26. 3. 34 1.34 1.53 1.40 1.5'7
3rd cut 30.5.34 .81 73 4 74
3.03 3.34 3.31 3461

—

~ Bignificancs cannot be established with so
few replications, but the incrsascd yield of dominantly
cross-pollinatcd over open-pollinatcd amounts to -9.6%.

Trial Vi1l: It has already bosn meationed that moss

fertilization appears to be corrclatcd wWith the production
of largc pods. Therefore large pods and small pods from

the same pl ant s were threshed and sown separately.  Thi
result has bsecan a statistically significant increasc

yield from large pods over that fromsmal|l pods as follows:

Greca weight yvield of progeny in pounds per .plant.

—1gt Cut 2nd Cut 3rd Cut

Parent Large omall Large Small Large Small

Tods Pods Pods Pods Pods  Pods
54 /17 1.65 1.06 1.29 .96 5 .32
56/18 1.38  1.25 1.60 1.48 W41 .39
88/20 1.06 .97 1.84 1.78 .83 .82
120/14 1.33 1.28 1.95 1.7¢8 .91 .68
a7/16(a) 1.42 1.23  1.50 1.5644 .50 i
47/16(b) 1.32  1.3844 1.56 1.6344 .53 .50
48/7 (a) 1.55 1.18" " 1.82 1.42 .67 44
4847 (bv) 1.50 1.03 1.78 1.17 .68 .40
50/ (a) 1.3C .85 1.92 1.39 .88 T3
50/2 (v) 1.13  1.00 1.47 1.37 64 T
56/7 (a) 1.43 1.16 1.92 1.78 .93 .83
50/7 (b) 1.53 1.37 2.12 1.73 .88 .78
56/ 13Eag 1. 43 .88 1.69 1.34 .65 .56
56/ 13(b) 1.51 .95 1.58 1.06 .63 A1

'Totals: 19.54 15.59 24.04 20.45 9. 64 8. 14

, 411 results are consistant except fivg
marked ££. The increase in yisld fromthe use of seed
from lsrge pods gver the uss of that from small pods
anmounts to 20.46% and is statistically significant.

Trial viil: Under normal field conditions opsn pollia-
ation may result in both self- and cross-fertilization.

If artificial tripping is used as an aid to open pollin-

ation the result is an increasss in theyield of seed,
(see trial 11) but the seccd so fornmed is likely to be

| argel y se1f-fertilized and therefore not SO productive
as when artifioial trippingi s excluded.
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_ Trials have besn made both here and in
other parts of the world to increase geed production by
artificial tripping, but thc wisdom of such a method is
questioned on account of the anmount of self-fertilization
t hus induced.

It was hoped to denonstrate this supﬁos-
ition but the trial was badly designed, and al thoug

there 1S a slight decrsrse I N yield owing to tripping,
this decrsase I'S not gtotistically Slganlcant- As thisg
i nformation woul d be of considersble practical value,
anothar attempt to obtain it Wl be maae.

SUMMARY .

1. How pollination is ¢ffsctsd. The observation at
Palmerstoa North inaicatcs that the honey bes IS relatively
inefficicnt, but that Bombus hortorum iS extremely uffic-
isnt 8s a pollinating ageat.  Qbssrvations iN other

parts or lgw Zealdna ar: highly desirable. The cbesry-
ations so far mede do not, however, e¢xplain the proportion
of cress-pellination that appsreatly tekes place undsr
natural conditions.

2. Pollination in relsticn t0 ssed production.

Cross-pollinaticn results in haavy yislds
of seed, self-pollinatica in relatively low yields.
Artificial tripping will augmcat autcmatic tripping and
increase thoe setting of sced.

3. Pollination in relation to hybrid vigor.

Scod re sulting from self-pollination
roduces a markedly less vigorous Crap than sesa recsulting
romeross-pollination. Cross-pellinaticn IS thercfore

‘dcsirable 1N respeet Of both sccdproducticn and subseg-
ugnt vigor.

Steos arc being taken DY the Entomolcgist
t0 investigate the possibility of ineressing the incidenco

of those inscets capable of «fficting cgross-pollinstion
I N Lucerae.

| N conclusion | would like tc acknowledge
the narcful and paticat work of MY associate, Mr. Colder,
who | S respoasible ina lerge measurc for such success
as has attended these investigaticas.



