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BUD SELECTION IN EUREKA AND
LISBON LEMONS AND PROGENY
TESTS OF BUD VARIATIONS

By A D, SBuamew, priacipal physielogist, O, 5. Posunay, essociale pomolegist,
ancd R. 15 Cawve, formerly assistant pomologist, Division of Fruil and Vegetable
Crops and Diseases, Burean of Plant Industry
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INTRODUCTION

% The commercial culture of the lemon (Citrus Hmonia Osheck) in

a#hie United States Is largely counfined to the southern counties of
Californin.  The introduction of the Lishon variety into that State
from Australia in 1874 and the origin of the Burcksa variety at Los
Angeles in 1877 marked the heginning of the development of this
important industry. In 1887, the firsl vear of available records of
carlot shipments of lemons [rom (wlifornis, 12 carloads were
markebed; in the season ol 1034-35 u lotal of 19,604 cardoads were
shipped.

The Eureka and Lisbon varicties are now almost universally planted
for the production of the Californin lemon crop. A few trees of the
Villufranca variety are propagated occasionally, and a few old trees
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of the Genon, Bonnie Brae, and other less well-known varieties ure
still in bearing, but their total production is of relatively small
importance. The Eureka variety is largely grown in the interior
jemon districts, and the Lishon variefy is more generaily planted
near the const.

The fruits from the Bureka and Lisbon trees are packed and
marketed without varietal segregation, the crops as a whole being
known commercially simply as lemons. The characteristics ol the
trees of these varieties are quite distinet, particularly in the vigor of
growth and thorniness of the trees and the seuson of mudmiun fruit
production. Marked varintions also have been found in the foliage
nnd fruit characters, as shown by some entire trees in each varioty as
well as by striking varintions in mdividual linths in some trees,

The investigations reported berein were undertaken for the purpose
of determining the nature and frequency of the occurrence of hud
variations in the fruits and foliage of trees of the Eurcka and Lisbon
varicties, The first phase of the investigations was carried on through
svstematic individual tree-performance records in established citrus
orchiards of full-bearing trees over a period of years heginning in 1911,
Statements of the enrly plinses of the bud-variation studies were made
in 1811 (5, 6),' and further reports of the progress have been pre-
sented from time o time (1, 2, 8, 4,7, 8, 9, 10, 11, 12, 13, 14, 15).
The detailed results of the first studies with Fureka and Lishon
Iemens up 1o June 1917 were reported in 1020 (18, 19).

The second phase of the investigations has been the study of the
perivrmanes records of progeny trees that were propagated from
carefully selected ' irent trees In the original performunce-record
plots and from bud variations lound in and near those plots.

This bulletin contains the results of some ol the performunce-
record studies of these progeny propagations and deals primarily
with the degree of perpetuation of the characterstics of the outstund-
ing varintions, The performance-record period during which the
progeny trees have heen studied began with their planting in 1918
and wus continued until May 1934, A number of trees were removed
ltom the progeny test plots early in 1033, so the tabuluted dutu
presented berewith cover the period from the first fruiling of the
irees in the fall or winter of 1920-21 to December 1932, inclustve.

BUD YARIATIONS IN EUREKA AND LISBON VARIETIES

The striking variations of fruit and foliage previously reported in
trees of the Fureka and Lisbon wvurieties may be grouped into two
classes, (1} those oceurring as limbs on otherwise normal? trees, and
(2) as entire trees differing from the normal in one or more clearly
defined characteristics. In addition, individual fruits have been
found in some of the lemon trees under observation that differ mark-
edly from the other jruits on the same tree in one or more churac-
teristics. These individual-fruit variations in some cases closely
resembled those borne by the limb and entire-tree variations that
have been studied in these investigations,

1 Italic numbers it porentheses refer to Literntare Ched, b i,

2 Pha word “uprmal® is psed here and slseochere in this bulletin in the sense of haviog the vhoaracteristios
uf the Ly pieal ur nermal steaio of the veclaty.
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Fruit variations are sometimes clearly corrclated with foliage varia-
tions, but on account of the obvious economic importance of fruit
variations and the pructicability of obtaining definite datn regarding
them they have been given primary consideration in the present
studies. Where unmistakable and economically important correls-
tions of fruit and folinge characteristics have been observed they
have been recorded and described.

Lemon variations may be further classified as affecting (1) the
commercial quality of the fruit, (2) the quantity of fruit, and (3) the
season of maximum production. ln most instances the commercial
quality of the fruits borne by the progeny trees that were propagated
from the parent-imb or entire-tree variations is correlated with the
quantity of fruits produced by these suine trecs.

Variations of fruits include those having characteristic shape, size,
texture and color of rind, and number of seeds. Foliage variations
include those showing charscteristic hubits of growth of the trees,
density of folinge, color, shape, size, and thickness of leaves, number
and size of thorns, and scason and charvacter of blossoms.

Tree-estimate records in some of the older lemon orehards in south-
ern California in addition to those where the individual tree-performs-
nnee record studies were made showed that limb and entire-irge varia-
tions were present in all of them. In some instunces this varia bility
was mich more pronounced than in others, but typical cases of strik-
ing bud variations were found wherever ohservations were made.

The early discovery that the fruit and folinge characteristics of limh
variations were very similur to those of some of the entire-tree varin.
tions in established orchards indicated that the entire-tree variations
had been unintentionully propaguated from similur limb sports. The
subsequent studies of progeny trees propagated from {vpical imb
variations and their comparison with the entire-tree variations in the
older orchards have proved beyond reasonnble doubt that the origin
of the entire-tree variations was limb variations in the trees {rom
which the buds were obtained to propagate the orchard trees.

The variations described in this bulletin must be clearly distin-
guished from those due to soil, climate, rootstock, cultural, or other
environmental influences.  Fhictuating variations and changes, such
as modifications in vigor of growth, size of trees, size of fruits, or
differences in the color of the leaves or fruits resulting from changes
in soil, cimate, cultural practices, unsuitahle rootstocks, or other
causes that are not inherent and are not perpetuated through bud
propagation, have not been considered in this publication except as
mdicating the eflect of enviropmental factors wpon tree and fruit
development.,

Some of the limb and entire-tree variations found in these studies
were uniformly abnormal in their fruit or foliage characteristics.
In other instances more than one type of variation from the normal
was found in & single tree, either normal fruits snd folinge with the
abnormal ones, or two or more distinetly different types of abnormal
folinge or fruits.

The uniform limb and entire-tree varintions have been found
through progeny propagation tests to perpelunte the charncteristics
of the parent variations, whercas those that are not uniform have
trensmitted their characteristios with about the same condition of
variability as appeared in the pareut limbs or entire irecs.
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The uniform limb and entire-tree variations have heen termed in-
herently stable ones, and those lacking in uniformity have been called
inherently unstable ones, as shown by their performance mn progeny
tosts.

FREQUENCY AND SIGNIFICANCE OF BUD VARIATIONS

From th': economic viewpoint the varistions in Eureka and Lisbon
lemon trees as observed in these investigations may be classed as
desirable when they are more sutisfactory for commercial culture
than the normal, and undesirable when less valuable than the normal
for the production of profitable crops.

T the Eureksa lomon orchard where the striking varisbility of the
trees of this variety was discovered, 2,200 trees out of a total of 16,000,
or about 14 percent, were found to be undesirable entire-tree varia-
tions having exceptionally vigorous vegetative types of growth, a
condition that was found fo he correlated with an inferior commercial
quality of fruit and light yiclds. These large unproductive trees
with charseteristieally spreading habit of growth and dense and
abundant foliage were ealled “shade trees” and “dense unproduetive””
trees. A subsequent study of the orchard from which the buds had
heen obtained for the propagation of the trees under investigation
showed that only abouf 5 percent were of the Shade-Tree or Unpro-
ductive stroins.® The explanation of this condition wus found to be
that the bud eutters in securing propageting material found it easier
to obtain budwood from the vigorous-growing vegetative trees than
from the less vigorous productive ones. There were many more
vegetative branches, commonly ealled suckers, in the vegetative type
of trees than in the nonnal productive ones, consequently the natural
tendency was to sccure more hudwood from the rank-growing trees
than {rom the more fruitful oues.

Ta sddition to the entire-tree Shade-Tree and Unproductive varia-
tions, limbs baving leaves and fruits typical of these strains were
found in otherwise apparently normal Eurcka trees in both the
parent orchiard and the younger one that was propagated from it.
Some ol the inferior strain trees in the vounger orchard doubtless
resulted from the cutting of budwood from such limb variations in
the parent trees. More than 25 poreent of the trees In the younger
orchard were found 1o be entire-tree variations differing from the
normal in ene or more characteristies, particularly in the habit of
arowth of the trees, deusity of folinge, shape of leaves, season of
production of fruits, shape, texture, and size of fruits, number, shape,
and size of secds contained in the fruits, structure of fowers, and
quantity of production,

The condition of varability of the trees of the Lishon variety
regnrding both entive-tree and limb variations in the orchard where
performance~record studies were conducted was found fo be similar
o that observed in the trees of the Eureka variely.

2 Tha Lerm *denso nuproductive’? used in cerlier publicationg ag a strain desiznation lois Teen shiortened

in {ids pepnrl to i be ono ward “paproduetive.” o i o
£ *Phio Lero “aterin®’ o here nsed designaias o gron s of individuals af o barticolioml vaciofy differing from

i aflier individhnls of he variely in ope or move constent anl recopnizabile chatwclerisiicd nnd capable of
perpetaniion throug® bk projmeation.
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ETREKA AND LISBON LEMOXNS
VARIATIONS OF THE EUREKA YARIETY

The Eureka lemon has been defermined as having been first
propagated as a type in 1877 at Los Angeles, Calif. (78). This
propagation was from a superior seedling which was one of a lot that
had been grown irom seed taken {rom Sicilian lemons secured in
New York City in 1858.

The original Eureka performance-record investigations were carried
on from July 1911 to June 1917, inclusive, in an orchard planted at
Corona, Calif., in the spring of 1904 by the National Orange Co. and
owned by that company at the time of those studies, It is now owned
by the American Fruit Growers, Ine,

The important variations of the Burcka lemon variety are described
in the following sections under the classification of typical strains,
and some of the less commoen but siriking variations are also included.
All of the variations discussed are of importance from the standpoint
of the scientific study of the phenomenen of bud variation in the
lemon and in the selection of suiteble propagating material for the
growing of commercial nursery trees.

Fiawer L —Frujts of the Eureka strale of Lhe Eorekn letnon from ¢ pmguné tree prapagated from a tynieal

tree of this skrain in the urigTosl Rurcks pecformaoce-record plat.  Corons, Culll., April 1933,

EUREK A STRAIN

Tree medinm size, medium vigor, spreading, open; trunk smooth; bhud union
usually badly overgrown on sour orange (Citrts aurantium L.) but usually smooth
on swech orange {C. sinensis Osheck) rootstock; branches medium size and numn-
ber, practically thornless; leaves rather spurse, medium size, broadly elliptical,
bluntly rounded, crenate, color deep green; blosscins abundant during spring
and fall but develop throughout the entire vear, perfect, fairly large; fruits very
uniferm, oblouy, medium size, rind thin, smooth, color deep green, rag tender,
jnice abundant and of relatively high acidity, sceds few; rate of growth of fruits
medium; largest picks during spring and fall; high quantity of production;
excellent eommercial quality.

An undesirable characterigtic of the trees of 1his strain is that there is a tendeney
for the fruils Lo sunburn in seme locutions, owing to the open habit of growth
and aparse folinge. A desirable characleristie of 1hese troes is their tendeney
to hear throughout the entire vesar, with u fair sununer produetion. Typieal
fruits of this strain are fflustrated in figure Taod atypicalleaf is shown in figure 2, A,

SMALL-OPEN STRAIN

Tree medium te small, medium  vigor, somuewhatl spreading, open; trunk
slightly fluted, smooth; bud union usually badly overgrown on sour crange but
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smooth on sweet orange rootstock; branches medium to smail size and number,
practically thornless; leaves rather aparse, medium size, breadly elliptical, bluntly
rounded, crenate {fig. 2, B), color durk to deep green; blossoms abundant during
spring and fall, but develop throughout the entire yesr, perfect, medium size;
fruits very uniform, glohbose, slightiy shorter than those of the Eureka strain and
with n tendency for cresceni-shaped creuses at blossom ends, rinds thick to

Y
o

Fuivne 2— Leuves of nportant stradns of the Rureka jemon front progeny trees propme Led from typleal
trees of the same string in the orlging] Enrekn perforincee-recard plot: A, Hureka, £, Smull-Opens
C. Crumpled-Leal; O, Penr-Sbape; £, Shade-Tree; F, Unproductive. Corona, Calil,, Muy 193,

medium, smooth, celor deep to dark green, Tag tender, juice abundant and of
relatively high acidity, seeds few; rate of growth of fruits niedium; largest picks
during spring and fall; slightly less quantity of production than comparative
Bureks strain trees; good commereia! quality.

The most important differences hetween the Small-Open and Bureku strains
are the shape and size of fruit, the globose shape of typical Small-Open strain

¥
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fruits renderin%them somewhat less suitable for packing than the oblong shape
of the typical Eureka strain fruite. The darker green eolor of the 8mall-Open
fruits and their slower curing are slso distinguishing characteristics. T'ypical
fruits of thig strain are shown in figure 3.

TR

Ficvae 3. —Fruils of the Small-Open Strsin of the Eurdkn lemon from s propeny tree pl‘upngute:l fromt &
typical troe of this stroio in the orlging] Kurakn perfornmace-record plot,  Coroon, Calif, April 1,

FEAR-SHAPE STRAIN

Tree large, with tendeney to produce many suckers, ercet, dense; trunk nor-
mally smooth; bud union somewhat gvergrown on sour orange but smooth on
sweet orange rootstock; branches many, small, giviug the tree g brushlike appear-
ance, practically thoruless; leaves abhundant, small in size, ovate, obtuse, erenate
(fig. 2, 1) in whorls 84 ends of branches, light-green eolor; blossoms abundant in
midwinter and few at other seasons, small, weak, perfeet but with small amount
of pollen of deficient vitality, mainly on tips of branches; fruits very uniform,

FIGURE 4.-- Fruits of the Pear-Bhape siraiv of the Bureks lemon g b progeny tree propagated from a
b

Lyplen] tree of this strain in the orlginal Eureka perlgrinance-record plot.  Corens, Cslif,, May 1083,
pyriform, frequently with elongated or bottle-necked etem ends, small to medium
gize, rind very thin and of smooth texture, coler light green, rag tender, juice
abundant and of relatively low acidity, seeds very few; rate of growth of fruits
medium; Jargest picks durivg fall; medium quantity of production; inferior
commercial quality.

The Pear-Shape fruits shown in figure 4 are of inferior commereial value, and
established orchard trees of this strain should be top-worked or replanted.
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HSHADE-THEE STitAIN

Tree very large, very vigorous, wide spreading, dense; trunk smooth; bud
union simooth on boih sour amd sweet orange rootstocks; branches dense with
considerable sucker growth, practieally thornless; leaves sbundant, clliptical and
large, tapering with a tendency 1o acuminate Ups, undulale and eronate (g, 2, £),
decp-green color; blossows abundant during spring, large, weak, many with
pistils imperfect or absent, falling shortly alter blooming; fruits very unifarm,
oblong, very lurge, rind cowrse and rough, very thick, dark green, rag coarse
and very ahundant, juice seant, lacking acidity, seeds very few; rate of growth
of fruits rather rapid; most production during fall; Jow quantity of produetion;
inferior commereial quality.

The outstzuding charneteristies that distinguish the Shade-Tree from the
Bureks, strain include the development of many imperfeet Howers that drop
shortly after the bLluom appears, large, acutely pointed leaves, fruits of very
large size and oblong shape, and partieularly the vigor of the vegelative growll,
which resulls in very large, conspicaons 1rees that ean be easily seen from a
considerable distance in the orchards.  Typical froits of this strain are shown
in figure 5. It also has imperfect Aowers similar 1o those illustrated for the
Unproduetive strain of the Lishon lemon (e, 139,

Frevre S-—PFruits of the Shade-Treg strain of the Bureks lemon from u progeny Ireué)rupugnted from n

typieal trew of Lhis sirain B the griginal Eurekn perforncnee-record plot,  Corong, Calif, hey 1434,

UNPRODUCTIVE STRAIN

Tree large, vigorous, creet, very dense; trunk smooth; bud union smooll an
both sour and sweet orange rootstovks; branches dense, few small thorne; leaves
abundant, rmaller than those of the Shade-Tree strain, elliptical and tapering
withy strong fendeney o acuminaie lips, erenate (fig. £, #), dark-green color;
blosgomns abundand during spring, Ierge, wenls, very many imperfect with pistils
ruditmentury or lacking and with seant pollen of low vitalif:-; fruits fairly uni-
form, obloug, large, rivd course and roupgh, thick, dark green, rag tougf; aud
shundant, juice seani, poor flavor and of lyw acldity, seeds very Tew; rate of
growtl of fruilyg faivly rapicd; most produetion during Madl; very low quuantity
of preduction; inferior commercial guality.

The low produetion of poor comuercial guadity and the dense, vreet growth
of the trees are the mnost Tinportant distinguishing characieristios of this strain,
Typical frultg of {his strain are shown in fgure 4.

CORRUGATEL STHRAIN

Tree large, medium vigor, rather sprearding, somewhat dense; trunk smooth;
bud union badly overgrown ou sour orange roolstock; braonches rather large
and many practically thoruless; 1anny leaves, large, broadly elliptical, bluntly
rounded, erenade, color deep green; blogsoms abundaot during spring, many
irmperfeet, modium size, along Brooches wb feaf axils; fruits uniformly corrugated,
oblong, large, rind thick, deeply corrugated, volor yellow when mature, rag
course, juice leking in quantily and of low aeidity, sceds fow; rate of growth
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of fruits mediom; largest picks during fall and winter; licht guaniity of pro-
duetlion; commereial quality poor.

This strain has been eliminated from conunereint propagation, sud trees in
bearing orchards should be fop-worked or replaniod.

RIBBEL STIRAEN

Tree medium size, medinm vigor, open and rafber uprighi; irunk smooth;
bud union slightly overgrown on sour orahige rootstock; branehes medium to
large, few, practicaliy thornless; leaves rather sparse, small, oval and bluntiy
rounded, fendency to crumple, color green; blossoms fairly abundant in spring,
many small, imperfeet; fruits oblong, ovuid, ribbed with tendeney to deeply
fluted characteristic, rimd thin, ridged, and somewhat rougl, deep green, rog
tender, juice abundant and of medium aceidily, seeds few; rate of growth of
fruits rapid; largest picks during fall and winter; low guantity of produciion;
poor commereial guality.

An undesirable strain for comunercial culture. The uniformity of type of
fruiis in the frees of this strain is very marked.

Bttt s G- lpnits af Uhe Vaprocdietive steaipood e Beeeka bengap fronn e proweny inee lrr(jilm:q[ell frove it
bypiend free of Hys stroin u the ariplau) Bsreke perfarnapearorend plod,  erona, Coelif, May 1933,

VARIEGATED STIRAIN

Tree sondl, weak vigor and slow growing, erecl, open; tranh smonih; bad
union winkes harge overgrowls on sour orange rootsiock; folinge particularly
sugeeptible Lo sunbitrn aund frost injuries; braneles small; few in number and
styiped when young, very fow small thorss; leaves spuese, sl ellipticat and
irregnine ju shape, slightly crenatte, color varivgated, some almost eotirely ereant
colored, others nearly eatively green withe sharply macked areas of two or fhree
shadies and most of them parthy green aid eream color; Blossoins abondent during
spring, wille heavy drop, many s, finperfeed; froils ovoid, small, rind very
thin, slightly ridged, color sleiped when iinnalure and yvellow when mature, rag
rather conrse, fibee fadrly abundant and of veiatively high acidity, seeds edinm
pumber; rate of growth of fruils medium; larpest picks Quring spring and fail;
very low quaniily of produciion; poor conunerand guality,

The trees of this slnin are used 1o some extend, for ornumental purposes, owing
to the striking appearance of ihe Joaves and Truils,  Froit and foliage of this
strain are shown pan earlior publication (08, o, §). Anpother varicwaicd sirain
By been found (g, 7y which lis ;:inliish-wlurt‘([ flesh (16,

ST ERD STRALN

Trev very e, vigovons, spreading; trook smoolh and somiewhad faorrowed;
bud union slightly overgrown ot sonr orange rooistock; branelies large, ooy
T3aRa" wn 2



http:Ylu�ipl!;lLf.pd

10 TECHNICAL BULLETIN 531, U. . DEPT. OF AGRICULTURE

prachically thornless; leaves many, medium to small, oval, crenate, color light
green; blossorns very abundant during spring, mostly perfect, large; fruits oblong,
ovoid, medium gize, medium rind, smooth with slight ridges where siriped,
colar dark green striped longitudinally, rag coarsc, juice abundant and of low
acidity, seegs few, rate of growth of fruits medium; largest picks during fail;
same itree often hears, in addition to striped fruits, those typical of the Pogre
Shap% strain and round ones; medivm guantity of production, poor commerein
quality.
An interesting hud variation, but of no commereial valie.

FIbURE T.~-Varieguted Jeaves sod (duk-fleshel, striped fedlts from &t Nmb varkant o o Etrekt lenmn
tree.  Burhunk, (st April 694,

CHUMPLED-LEAF STRAIN

Tree small, wenk growing, open; trunk smooth; badly overgrown bud union on
sour orange rootstock; branches few, medium to small, practically thornless;
leaves few, mediuin size, broadly elliptical, rounded, crenate, crinmpled (fig. 2, €,
calor green; Llossoms few and mairty during spring, many sall, imperfect; fruits
oblong, unifurin, medium size, rind thick, rongh, eolor bright yellow when msture,
rag coarse, Juice fuirly abundant and of medium acidity, seedsinany; rate of growth
of fruitg Tutler o ; largest picks during spring and fall; low production; medinm
commerciuly

The chary v uies that distinguish the trees of this strain from Lhose of oiber
straing are the crumpled leaves and the relatively stuall size of {he troes,

VARIATIONS OF THE LISRON VARIETY

It has been determined that the Lisbon variety was introduced
into Celifornia through two separate importations of nursery trees
from Australiz in 1874 and 1875 (/9). TIt1s probable that the trees in
the orchard where the Lisbon performance-record studies were begun
were descended from the North-Burnham introduction, which was

nade in 1875 in the Riverside district,
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The original study of Lisbon lemon varistions was carried on in
the Corona district 1n an orchard then owned by the Corona Lemon
Co. and now owned by the Jameson Co. This orchard was planted
in 1893, and the performance-record studies were made from July
1913 to June 1917, inclusive. A number of very striking entire-tree
varintions were observed in this orchard about a vear after beginning
the studies of the Eureka variety, and several imb variations were
found which were apparently similar in folisge and {fruit characteris-
tics to some of the entire-tree variations. After the 4-year period of
individual-tree performance-record studies in that orchard, propaga-
tions were made of selected Bmb and entire-tree variations, and the
resulting progeny trees have furnished the material for the Lisbon
lemon studies reported hercin. Descriptions of the most important
unid of several minor strains are presented herewith,

LISBON STRAIN

Tree large, vigorous, erect and somewhat spreading, semidense; trunk somewhat,
ridged; bud union slightly evergrown on seur orange but smooth on sweet orange
rootstock; branches dense, thorns fow, small; leaves abundant, medium size, oval
obtuse, slightly crenate (fig. 8, 4}, color deep to dark green; blossoma abundant,
medium size, strong, perfect, occurring throughout the tree and developing large
preportion of inside fruit; fruit very uniform, with very small percentage of off-
types, oblong to oval, medium size, rind thin, smosth, deep- to light-green color,
rag tender, juice abundant with strong acidity, seeds few; fruits Tapid growing;
preduction high, with heaviest erops during spring; commercial quality exccllent,

The vigor of r%rcn'r’ah and density of the foliage, large proportion of inside pro-
tected fruit, and high yiclds of uniformly good fruit distinguish most elearly the
Lishon from the other strains of this variety, Typieal fruits of this strain are
shown in figure 9.

DENSE STRAIN

Tree very large, very vigorous, spreading, dense; trunk ridged; bud union over-
grown; branches dense, somewhat resistunt to wind and other stresses, thorns
many, large; leaves abundant, very large, oval, acutely pointed, crenate (fig., 8, 8),
color light to decp green; blossoms abundant, large, strong, perfect, loeated
throtghout tree; fruite oblong, neeked, lurge, rind very thick, rag abundant and
tongh, jniee seant, lacking in acidity and flavor, seeds few; rate of fruit growth
very Tapid, uniformily poor, many offtype fruils and frequent limh varintions:
guantily of yield high, with heaviest production during spring; commereial
quality poor.

The very large size of {ree, Lthorniness, deme growth, extremss variability of
fruits, and their Jarge size and necked shape serve {o distinguish the Denso strain
trecy freum those of other struing of the Lisbou variety, Typical fruits of this
strain are shown in figure 10,

OFEN STRAIN

Tree mediyun size, medivm vigor, spreading, open; trunk usually smooth fud,
veeagionally slightly ridged; bud union slightly overgrown on sour orange huti
smoneth en sweet orange Toolstock; folinge and fruit suseeptible to damage from
sinburn; branches few, giving the trees an open appesrance, thorns very fow and
very small;y leaves few, medinm size, ovale, obluse, slightly erenate (hig. 8, (),
light- to deep-green color; blossoms medium o abundant, rather small, fairly
strong, nsually perfeet, oceur nearer te tips of hranches than in the Lisbon strain;
fruits uniform, oval to oblong, medium size, rind thin, smooth, light greeu, rag
tender, juiee abindaut with sirung acidily, seeds fow; rate of fruit growth slow;
medium quantity of production; commereial quality excellent mest of the yoar,
but an account of slow fruit growih a lurger proportion of the crop is held on the
trees nntil summer than in the Lisbon strain, with o consequent production of a
relatively high proporlion of tree-ripe, weak fruils during Lhat seasan; heaviest
production in spring.
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The open habib of trec growth and tondency to bear Iruits throughout the
entire yenr distinguish this from other Lisbon strains. Typical fruifs of thix
strain are shown in figure 11,

toe ey B~Leaves of inportnnt stroins of ths Lisbon bson feamn propeny dns {mmugulwl fronu 1y sical

trees af the sumte slinins in Lie originil Lishon peelformmnes revard plots 4, Lis

Wy £, Dense; O Orewg
D, Corrugated; E, Unproduetive. Cerena, Cnlif,, My 16933,

UNIRODUCTIVE STRAIN

Trec very lurge, very vigorous bui inherently of very weak growth, spreading,
very dense with many suckers and upright vegetative branches; trunk ridged;
hud union semewhat overgrown on sour orange bhub even on sweet orange root-
stocks; branches very dense, very suseepiible to dumage from wind, climatic
hazards, and olher stresses, thorns many, long, sharply pointed; leaves very
abnmdant, lurge oval with acutely pointed tips, crenate, somewhat crumpled
{fig. 8, F), deep-green color; blossoms few, mostly af tips of branches, some
small, werk, with female parts abnormal; fruifs uniform, very poor, obloug,
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FIGERE W~ Frubls of the Lishon siradu of the Llsbon lesso front o propeny tree propagated fromt g by pleal
Tree of {his strofn o the arlginad Csbon perforttisnce-record plat. Corona, Calif, Aay 143,

Fiivitk 10.—Fruits of the Dense siruin of the Lishon lenmon from o progens Lree propugated franga typleat
troo ol this stroln T Che originl Lisbon perforneneececord plot, Corong, £'alif, Apcll 10083

Froves 11, Fralts of the Open stral of Uik Lighon lemnan frond o progeny iree prapacated fron noypiend
tree of Lhls strafn in (e orlgioul Lishon pecforuimoce-record plot. Cora, Calll, April 1085,
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fiattened st blosgom end, with very short to very long necks, mediwn to large,
rind thick, eoarse, rough, ridged, color dark green, rag abundant, tough, juice
seant with low aeidicy, seeds very few; rate of fruit growth very slow; quantity of
production very low, largest proportion produced during winter; commereial
quality of fruit very poor.

Fioure 12—Frults of the Unpraduetive struin of Lhe Lishen lemon from m Drogeny tree propugnied
1‘1;’01';1 o typical tree of this sirain in the priglnnl Lisbow performwsee-regord plot.  Corand, ‘nlif., ¥lny
103,

Figuky 1.—Flowers of the Unproductive stowdu of the Lishon lemon tot o poogeny Ltree, dhowling in the
lower row exnmples af the smaller (ype with aboaone style and ovary,  Corona, Colif., Alny 13,

The outstanding characteristics of the trees of 4he Unproductive strain inelude
vigorous but very weak vegetative growth, dense appearance, extrems thorniness,
and very low production of fruit of very inferior comumereial quality, The weak
character of the wood makes it difficult to top-work these trees, and replanting
has been found the most satisfactory method {o replace them, Typical fruits of
this strain are shown in figure 12, und illustrations of the variable ilower forms
are prescnted in figure 13,
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RIBBED STRAIN

Tree medium size, medium vigor of growth, spreading, medium dense; trunk
smooth; bud urnion only very slightly overgrown on sour orange roofstock;
branches semidense, thorns many, large; leaves abundant, medium size, oval,
scutely pointed, crenate, deep-green color; blossoma few, medinm sive, weak,
perfect, located throughout trees; fruite obovoid, collared, small, rind thick, coarse,
more or less strongly ribbed, light-green color, reg abundant, tough, juice scant,
lacking in acidity, very poor fiavor, seeds few; rate of fruit growth slow, alight
tendeney for produection of normal appearing froits; quantity of yield lew with
tieaviest production during winter; commereial quality poor.

. The strongly ribbed fruits distinguish this strain most elearly from vther Lisbon
BLTAINS,
CORRUGATED STRAIN

Tree mediun to small, weak growth, drooping, mediun open; frunk ridged;
bud union overgrowu on sour orange rootstock ; branches semidense, thorns many,
small; leaves medium number and size, ovel with acute to ohtuse tips, erenute,
mostly erampled (fig. 8, 1), light-green eolor; blossoms few, large, strong, mostiy
perfcet, located throughont trees; fruit oblong, medium size, rind thick, deeply
gorrugated, some fruits normal in appearance, light-green color, rag aebundant
aud coarse, juice scant, lucking in acidity, insipid, seeds few; rate of fruit growth
slow; guantity of yield very low, heaviest production during fall and eariy
winter; comnercial quality very poor, worthless.

The most striking characteristic of this strain is the deeply corrugated fruits,
as shown in figure 14.

Figuae 14.—Corrogated fruits from o propeny tree propugnted from o shmilar il varistten in o tree
tl)\f{the Puse strnin of the Lishon lemon Ju the originn! Lishon perfortmence-record plot.  Coronn, Calil,,
oy 1811,

COLLAREDL STRAIN

Tree medimn to small, medium vigor of growth, drooping, dense; trunk smooth;
hud vaion overgrown on sour erange rovistock; brenches dense, thorns few, small;
leaves sbuudant, medium size, oval, acute, crenate, deep-green color; blossoms
medium number and size, strong, perfeet, located throughout tree, fruits loug,
oblong and with large collarlike projection at stem end; some fruits normal in
appearsiice, Inedivmn size; rind thick, coarse, color light green, rag abundant and
very tough, juice scant, iacking in acidity, poor flavor, seeds few; rate of fruit
growth very rapid, uniform; quantity of yield low with heaviest production during
winter; commerciel qualily very poor.

The most striking characteristic that distinguishes the Collared from other
straing of the Lisbon variety is the lusge proportion of long, vollared fruits ss
shown in figure 15,

STRIPED S$TRAIN
Tree lurge, vigorous, spreading, semidense; trunk ridged; bud union overgrown

on sour orange rootetock; branches semideuse, thorns few, small; leaves abundant,
mudium size, mostly lanceolate, acuninate, crenate, light-green eolor; blossors
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i

FUURE 13, - Fruis of the Collared stealn of the Lishon lermon from s progens wree progagated o g Kb
vuriation of this strain in the orlrigal Lisban perforrbieerecord plot. Corann, Calif., April 1083,

lew, large, wealk, perfect, Joented mostly near lips of branches; fruils oval, medium
size, rind sometimes ribbed or corrugaied, striped allernate yollow and green with
some speciineng itrmal in cliaracker; rag sbundant, coarse, juice abundant with
high acidity, sepds medium gumber; vate of fruit growlh medium, quantity of
yield low with heg@viest praffuction doring winter; eemmuercial guality poor.

The striped frufs with alternate lungitudinal vellow and green stripes are the
mnost strikie ;gbwtcr@ti;s of this strain, as shown in figure (6.

v,

.
W F

FIGURE 16.- ~Friils of the dtriped stryin of the Lishou leman from a propeny tree propugaied from o 3imb
varintion of this strain jo the oriefoal Lishon (rerformance-record ot Covenw, Calil, May 1933,

THURNLESS UNPRODUCUTIVE STRAIN

Tree Iarge, vigorous, spreading and drooping, dense, suseeptible fo Injury froue.
wind and olher siresses; trunk ridged; bud union overgrown on sour orange
rovlslock; Lranehes dense, no thorns; feaves abunedant, moedinm size, oval, acute
to obtuse, deep-green color; blossoms fow, small, nuany imperfeet lacking pollen,
lueuted near tipg of hranehes; Cevits oblong, with bluut blossein eonds, medium 1o
small size, smooth, fight-green color, rag medivm amonnt, juice abundant witl
strong acidity, secds none or very few; rate of fruit growth slow; very unifarm
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fruits, very few offtype; quentily of production fow with lLeaviest erops during
winter; comnereial quality of fruit poor.

The outstanding characteristics of the troes of this sirain are their thornloss
branches and wesk and casily injured growih.

The Thorniess Unproductive strain origineted as a bud variation in an Unpro-
ductive strain trec that had many large, sharp thorns. 1t is of particular interest
because it is the only one of the Lisbon strains under investigation iy which the
trees do not have thorns and $hat indicates the manner in which thornless
vegetative sfirains arige.

OTHER STRIKING VARIATIONS

Variegated-branch variations of Lisbon trees have heen observed
that are quite shmilir in appearance to the variegated varintions of the
Eureka variety, but owing to limited planting space no attempt has
been made to propagate them. Thera is every reuson to believe that
this varintion of the Lisbon trees can be perpetuated through budding,
as has been the case with the variegnied Burcka variations.

Individual lemons having well-developed navels have been found
from time to time in trees of hoth the Eurcke and Lisbon varieties,
However, no limb or entire tree bearing & number of navel lemons
has been discovered in these investigations., The navel lemons
studied do not differ materially from the normal fruits from the sume
parent free except in the presence of the navels.

Lemons with Jongitudinal sections strikingly different from the
normal in color, texture, and thickness of the rind, commonly called
sectional chimeras, have been found rather frequently, but by reason
of limited opportunities for studying such phenonmena little attention
has been given them. Some trees scem {o produce more of such
variations than others, and usually these trees are of the less desirable
commercial strains,

One of the interesting vegetative varintions in the Lisbon lemon is
that of the number and size of thorns produced by the trees. The
trees of some strains have many Jarge, sharply pointed thorns which
are dangerous to the {fruits through scratelies and punctures which
result in blemishes and oftentimes lead to decay and loss of {ruits on
the trees or during stornge and marketing.  Such thorns are also a
hazurd to fruit pickers.  Tho trees of other strains have usually but
few small thorns,  In an ins{ance previously mentioned o Lishon tree
of the Tnpreductive strain developed a thornless Himb variation, in
which the thorns are entirely abseni, This oceurrence of o thornless
variation indicates the possibility of developing a desirable thornless
strain in which the trees have very few and very small thorns.

Many other fruit and foliage variations have been observed in the
parent and progeny lemaon trees in these investigations, buton account
of their minor commereinl importance but Hitle systematic study has
been given them. i6is probable thagsonie of those varintions may be
of consideruhle inforest in the Investigntion of the phenemenon of bad
vartation, and it s (he intention to study (hem from this point of view
when the opportunity is faveruble,

PROGENY TESTS OF LEMON BUD VARIATIONS

In order to determine whether or not the charascteristies of the limb
and entire-tree variations discovered in the course of these investiga-
tions are perpetuated through budding, buds were obtained irom

THH85°-=37——3
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many of the variations in May 1916 and propagated at Riverside,
Calil., in cooperation with and on the grounds of the Citrus Expen-
ment Station of the University of California. Sour orange rootstock
was used for these propagations, as it wus the one commonly used in
commercinl operations a4 that time.

The resulting progeny nursery trees were transplanted in May 1918,
one set of 471 being planted in the Citrus Experiment Station orchard
at Riverside and another seb of 1,146 en an 1l-acre tract in the
commercial orchard of the Jameson Co. in the Corena districs.
Charts of these two plantings are presented in figures 17 and 18.
The two sets of progeny trees in different loca-
tions made possible the study of the performance
of the progeny trees under soimnewhat different
environmental conditions. The parent-limb and
entire-tree varintions were Joeated in orchards in
the Corona district, so 1t has been practicable
to study the performance of the progeny trees
in thesame locality as that in which their parents
were grown and under similar cultural conditions.

In the Citrus Experiment Station orchard the
progeny trees were planted inrows spaced 20 feet
apart and the frees in the rows were spaced 10
feot apart. The close planting in the rows pro-
vided for the planting of double the number of
progeny trees otherwise possible and was done
with the purpose of removing every slternate
tree in the rows when the trees reached sufficient
size to interfere with normad growth and fruiting.
The taking out of the {iller trees in this orchard
wus found necessary in 1923, at which time every
alternate tree was removed.  The arrangement
in planting was snch that the tree removsls re-
duced by practically one-half the number of trees
in each progeny test but did notreduce the num-
ber of progeny tests.
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Morrk 17.—Chard of the pro-

peayleman plobat iOverside,
Cadif., willy frees of various
stradns intlienled by symbols
as follows: (1 Eureka sirain,
T8 rees: G Small-Open Ba-
ek, 10 rees; o, Pear-shape
Eureka, 10 trecs; 5, Shuale-
‘Preo urekn, 18 drees; @,
Unpredagtive uroka, 16
Lrees; O, Lisbon steain, 42
trees; [, Cpen Lision, 20
troes; 4, Unproductive Lis-
et 15 trees, e drees o
the mmarkol sjaees were
oxpviucded frome tho poneral
tudratane] records for vorions
TGRS,

In the Jameson orehard ot Coronn the progeny
trees were planted with the usual spacing for
femon treesin thisorchard, therows being spaced
22 feet apart with the trees 20 feet apart in the
rows. In this Iarger planting a greater number
of propagations of apparently commereially val-
uplde variations were planted than could be in-
cheded in the Citrus Experiment Station planting.

In both plois the progeny trees were planted
on land where only unirrigated winter grain
erops had been grown previously., The soils
in Boll locations were typical of the districts in
Very little fertilizer has been applied

which the plaptings were made.
to the soil in either orchard, slthough it is believed that somewhat
larger applications would have been heneficial through imcressing the
amount of fruit produced. The usual irrigation practices in these dis-
fricts bave been followed. The trees were protected from frost af
criticul periods by orchard henters, but some loss of crop was experi-
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enced through damage to the blossoms and small immature fruits by
low temperatures. Fumigation was used in both orchards for the con-
tro]l of scale. The development of the treesin both locations has been
about equal to that of the conmnercial orchards in these districts.
The lemon progeny trees in both locations were used for two
purposes: (1) a study of the heritability of the variations propagated
from the parent-limb and entire-tree variations, and (2) the demon-
stration of the importance of the systematic sclection of budwood
In commercial nursery practice. These plantings have heen visited
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Fisuag 18.—Cburl of the progeny feimon plot at Corgue, Callf, with trees of various strains indlented by

syrtthols s (ollows: Ok Eureka strain, 288 trees; G Small-Oten Eoreka, 48 trees; &3, Pear-Shape Lureks,

§ trees: s Shade-"Tree Burgdow, 16 reess @ Unproduetfve Bureekon, M Grees; T, Lisban struin, 106 troes;

B, Dense Lishon, 3% teees; F1 Open Lishon, 168 trees; 3 Unproductive Llstron, 1 trees.  Phe Lreew in
the unmnrked spuces were excloded Trong (i peosral tbulited reeords Tur various reasons,

by many citrus growers enell yenr since they were plinted and have

furnished an 1I!1]'JOI't!lIlt demonstration of the value of hud selection

m the propagetion of lemon frees and the ceonomie production of the

lemon erop.
PROGENY PERFORMANCE RECORDS

The performance-record duta of progeny lemon trees reported in
this bulletin include the continuous picking records of these trees for o
period of yvears together with studies of the commmercial quality of the
fruit. These data are the basis from which conclusions have been
drawn as to comparative strain and individual tree behavior. 1In
addition, continuous ohservation of the trees and close contact with
them during the performunce-record period have led to an intimate
knowledge of the fruit and folinge characteristics of the trees, which is
important from the standpeint of these studies,
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The progeny performance records were obtained by counting or
weighing the fruits borne by each tree as they were picked.  Where
the aotual weights were not obtained the fruits were counted as they
were picked and their weight was determined from the nverage weight
of typical samples of fruit of the same sizes.

The number of freesin ench progeny was limited by lack of orchard
space, but in the opinion of the writers enough trees were avaiiable
for study so that reliable conclusions can be drawn from their records.

In commercial lemon hinndling the most desirable fruits are those
that remain green in color until they have reached a certain deter-
mined picking size. Pickings are normally made 10 to 12 times a
year, and the minimum size for green fruit at each picking is deter-
mined by seasonal and market conditions. Fruits that ripen on the
trees are less desirable for commercinl marketing than the green
fruits, and they sre wsually picked when or shortly before they are
fully mature, depending upon climatic and market conditions.

In the progeny plot 11 the Jumeson orchard a uniform monthly
picking size of 2%, tches was used previous to October 1926, Since
that date the same size has been used each time as was being used
for the commercial picking on thas ranch. In the progeny plot in
the Citrus Experiment Station orchard the picking size was main-
tained at 2% inches throughout the performance-record period
except for 2 months when certain conditions made it desirable tfo
change this standard shightly. _

In the progeny plots 1t was planned {o make pickings at monthly
intervals, as had been attempted in securing the data in the parent
plots, and this practice was carried out except when rains or irriga-
tions caused delays or emissions.  In the plot in the Jameson orchard
only five monthly picks were missed alter the trees came into regular
hearing, and only one was omitted in the Citrus Experiment Station
plot. This practice of frequent picking resulted in the accumulation
of a great amount of data from the studies of the progeny trees.

The performance records of all of the sets uf progenics of the most
important veriations observed in the course of these investigations
are summarized herein, and the entire dats are available for study.
Furthermore, the prozeny plantings, the methods of obtaining per-
formance records, and the living parent trees as weil are open to
observation and study by those interested in this subjeet.

PROGENY DATA ON EUREEA STRAINS

The average annual production and average total production per
tree of the progeny trees of the five strains that were formerly most
commonly present in commercial Bureka orchards are shown in
table 1. These data cover the period from the first production of
the young trees in the fall or winter of 1920-21 to December 1932,
inclusive. 1t will be noted that the production rank of the various
strains is the snme in both progeny plots as it was in the parent plot
{or the earlier G-year period, July 1911 to June 1917.
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TarLe 1. —Production of progeny lrees of tmportant strains of the Eurela lewon
wpropagated in May (814 from selecled purcnt trees and planied in May 1818

HUREKA AND LISBON LEMONS

{The dutn show the average erop per tree for each year sfler 1hey began boaring aad for Lhe towl perlod
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Although lemons are grown at Riverside to only a limited extent
it will be seen from this table that larger yicltls are recorded from the
trees of the Eurekn and Small-Open stramns in the plot ab Riverside
than from those in the Coronn plot.  This is owing parily to the fact
that in the Riverside plot the fruit that dropped from the trees
hetween picking periods was recorded as a part of the tree yields
during the entire record period, as had been dene in the parent record
plot, whereas in the Corona plot 1t was found iinpracticable to record
the dropped fruit afier the trees enme Into full production, because of
the smount of additional work required in obtnining that dats from
the large number of trees.  In general the type of fruit produced by
the parend trees has boen perpetinted very closely in the progeny
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trees. Figure 19 shows fruits from a parent tree of the Pear-Shape
strain and similax fruits from o progeny trec propagated from this
same parent tree.

Table 2 shows data from the progeny plots for the percentages of

Vil

Foene 19, -—Frolis of e Per-Shope sirein of the Sureks jemon fromn typdenl tree of this strain in the
originul Burchky purforisnnee-rerord plow (43, aod similar ruits irom o Progeny tros (B)é)ra;:ugamd in
g {ro::: thie tres thnt protuced the fruits ae A, showine perpelustion of te pear shape. oronuw, Onlif,,
April 1927,

green fruits {the most desirable part of the crop), the percentages of

variable fruit, and the average number of seeds per fruit, for the most

important Eurcka strains, with siniilar data for the parent trees dur-

Ing the earlicr periods in which they were studied.  In all these char.

acteristics the progeny irees and parent trees show very close agree.



http:typiCl.11

E{JREKA AND LISBON LEMONS

23

ment except for the percentage ol green fruit in the Riverside plot.
All the strains showed a smalley proportion ol green [ruit at Riverside
than at Coronn, douhtless owing to elimatic conditions whieli ma-
tured the fruit more rapidiy, resulling in o lessened percentage of

green fruib,

TasLE 2—.lverage percenfages of greewn fridt and varicble frudts, and n wwnher of
seeils per fruil, in the crops of the progeny end parent {rees of tmportand sirafas

of the Fnrela lemon

Eurcka
Srll-Cpren

A 8
Poar-Shinpe. .o - 1

Shade-Tree .|

Unproduetive. . 3 R

Green wrile feilt

Propeny {rees, 12
years, IiRi-32

Rivorsitle: Coronn | Coronk
FPeroent | Preoent |
By, 1) A
sl
(%)
2 BB
bR

i Varinbte froiig

1 Seels e Irgit

13 .
turent Provens trens, 1 | pareat
trees, 61 Proweny brees, 130y g trees, 1

! any yeirs, Hi2p-au . o -

oyews, |3 L YEars. | YOear, sup - wers, July

Syt Ay 1l ;tmibnrl!ﬁﬂ!.i‘m'i o dan
1 Jue b la‘l Jupy e Augist 1918

1] Iy H H 17 T, | PR

! Biverside Corong ! Coruna Curone Coratin

ooy
Progen | Parent

trecs, &
1

Hereent
N

Nuwiber

Preent . Prrecnt D Pereent | Nhunter |
' L2 0,z EH 8
.
nz,.
LS
h8 b

. e e 1
Do e won !
' e h u

IR T

The seasonal yields of tolal crops are shown in table 3, in which
the monthly percontage of fruit produced by the trees of each of the

more important Kurelo
strainsis tnbulated. In
genernl, the progeny
trees iu the Coronga plot
follow fairly closely the
dats from the parent
trees during the earlier
peried.  Variations in
climatic conditions n
the dilferent wvears
would have a consider-
able effect in changing
seasonal production, so
that 1o very exaet siimi-
larily isto heexpectedin
these monthly records
over different periods.
In the progeny plob ot
Riverside the  varia-
iions from the pareat-
plot records are more
marked, this condition
doubtless being due to
the greater climatic va-
rintions betwecn the
two distriets. A graph-
ie representation of the
monthly percentage of

24 - T T
T T T )
I -+ PROGENY, RIVERSIDE: '
{ —~—— FROGENY, CORONA | |

» — PARENYS, CORDMA .. -
' ! i '

22—

a0 -
: I

W B OB ®

=

PERCENTAGE OF TOTAL CROP

o
(M)
[T

Freieiee . Perpenteues of Lhaanpnnd erops prosdeeed each month by
troes of (he Foroke stredn of tie Boneka oo in e progeny sod
pearend pocond plots, These dovn are teken Feoin table 4 ol cover
Lhee 12 yeurs SN 1o 1037, inclusive, for (he proveny froes mind the
veurs from July 3499 to Juue 1007, fnelusive, for 1he parent Tooes,

production for the Burcka strain as shown in table 3 is presented in
figure 20. This emphasizes the heavy proportions of [ruit produced
on the Riverside plotin {the Tall and winter months, which are usually
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the seasuns of least consumer demand and lowest market prices.

This winter-bearing habit is an important renson why the Riverside

district in general 1s not particularly favorable for lemon growing.

TABLE 3.—Percentages of tolal annnal praduction by wonths from trees of impartant
siraing of the Eureka lemon. i progeny and parenl record plols

|T*he deda for Lthe progeny trees are for fha voars J20 1o 1933, invlusive: these for the parent troes cover the
A yoarg from July 914 Lo Jae 1917, {uelnsiva)

i Fereenlaee of uneaal produetbon in—

Btruln Plut Mlrows

Aug.

e Progeny, Corona. ..
Purent, Carpae .
{I'mmm_v. Riverside,

Progeny, Riverside..
Forekn, . :

Propeny, Coronn., .
Parang, Corgne ...
J Progeny, Biversida
Progeny, Coronu ..

ll’flruln.. Coreng. .. .
Propgeay, Blverside
Shade-Tren. . Progony, Coronn .

Farent, Curgne .
{I’TDF!L‘I'I.)‘, Hversitdy

Small-Upen ...

Penr-Shnps | .

Praruny, Cnrona.

Unprodutive.
! Parent, Corgne ...

R R

The avernge circumferences of the trunks of the progeny trees of
important Bureka strains in the Corona progeny plot at two periods
2 years apart are shown in tuble 4. These data show the Pear-Shupe
trees to be considerably larger than those of any other strain and
indicate a lack of correluation of size of tree trunks and erop produc-
tion for this strain. However, other studies have shown that within
the separate strains there are rather high correlations for these
characters.

TanLe 4-—Average clrcumference, aboul 4 inches above bud wnion, of trunks of
progeny frees of fmporlanl striins of the Burceka lemton o the expertmental plog
tre the Jumeson orehard al Curona, Calif.

- Average elreinnferenee | I P
e L ke | Average

Strin Prees | P ¢ inLeremse,
! DTy 104 June (g by stao |0y yeurs
i ' ; :
- i Ntdnr t O , Cm ; [&1]
FEureka, ... ... ... e Lo il A 50,0 3 iB
Bnll-Open. o..... ... .. .. - o 44 oL L 4.4
Pear-Bhupa, ..o . ool win o - R b | 1 4.7
Bhade-Tree. ... . ... .. . _. | M i 8 4 42
Unprodoetlve. .. . . .. . . .. I LN [ 8.4

Records of the anmual production of progeay troes propagnted
from several similar limh variations found in Furcka. trecs are givenin
table 5. All of these are forms that are of rather infrequens oceurrence
and of minor commercial importance, though they are of great
scientific interest. Some of thent are shown to have been unstable
In their inheritance in varying degrees, while the Variegated strain
#s here studied was very stable. In the Crumpled-Leaf strain the
fruits are normal in appearance, but the sbnormal leaf character was
very evident in the progeny trees.
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TABLE 5. ——-Ii‘ecords of annual production of progeny rees propagaled in May 1916 from several limb variations of minor strains in lrees of the
Eureka strain of the Eureka lemon

Fouree of buds.

Fruiws produced by progeny trees

Progeny
tree no. | purent .
tree no. Limb or tree Character 1920 § 1924 7 1992 § 1923 1 1624 | 1925 1926 | 1027 | 1928 | 1920 | 1930 | 1931 | 1932 | Total
Num-LNwim- Num-; Num=: Nwm-§ Nom-{ Nwm-| Num Num-{ Num-| Num-| Num-; Num-} Num-
N . . ber- [ ber | ber o} ber | ber | ber | ber { ber | ber 1 ber | ber | ber § -ber | ber
238 1 Limb variationin tree of Eureka strain Variegated Q 0 0 17 51 () |..
d do. o 22 20 16 a7 F 20| 554
p-worked from ét do. o 7 2 3 15 St M ...
PRSI ceea] o do 4 26 § 43 S6 a3 ) 406 22 79[ 2

slrlped 30 & 1 '122 ’gi‘l 43 181 . 14 '_ 56 § i, ‘.’33
g | 250 | striped imb variation Normal; 2222000 1| o2 o 2y o ose| o] 76| 7L (1092701067 [1,034 | 495 | 6,078
Total. . ... 42 30 0] 4 13 204 {320 11,101 5861 016 11,166 11,334 {1,149 | 551 | §,221

Striped.acecila 1 6 0 63 3 S () [ewemc)oomaca]mmannc]acmmne]maens!
209 a0l do Normal. ... ¢! 17 0 40 59 $ il RN S - o SRR OSSR A PR
Total. ... 1 a 0} 103 93 2 0. a]ian JRUIURTN VIR ST JRESURRS N B DS
Ribbed oo 1 30 170 2511 203 310] 5501 634} 547 ) 6341 6161 619 350 | 4,778
PUEL 242 | Ribbed limb vasiation . ... e Normal. ..o ... (i} 3 5 12 15 1 36 24 38 84 a1 110 57 487
Totaleceeimenn i 33 2212631 218 322 592 6 585 1 728 | 70T | T2} 4077 3,265
Ribbed.o.coaon - 0 1w 1] 1821 119 . ORI Py
P RT3 ST [ T i Normale s [} 3 0 15 )il IR 3 SORDNN FOIDY PSSR SISO RO S IR N,
Total._aooeos 0 20 1 177 136 85 |amme-s —— cemman |
‘[Corrugated of of of of of 8| 6| ws| 1) u8| 53| 16| 1| 7
1-18. o 27 | -Corrugated Jimb variation . o oocoaemeool j]Normal. . 0 0 0 0 0 2 7 7 5 6 15 15 5 62
i Totado_______ 0 0 0 0 0 5 23 182 19| 224 68| 351 139§ 3811
; Corrugated...... 0 0 0 0 0 0 1 80 10| 103 50| 1231 193 560
1-19, 27 do {INormal ___.__. 0 0 0 0 0 0 0 4 8 3 1 5 29 50
I Total o criaeea 0 0 0 0 0 0 1 84 181 106 51| 128) 22| 2610

See footnotes at end of table.

SNOWHT NOISI'T ANV VIHYENT
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‘LABLE 5.—Records of annual production of progeny lrees propagated in May 1916 Sram several limb variations of minor strains in irees of the
Eureka strain of the Eurcka lemon— Contintued

9¢

Souree of buds Fruits produced by progeny trees

Progeny PR -
tree no. | :

};1‘{°,§1§ Limb or tree Character 1920 1922 11023 11024 1 1925 | 1926 ] 1027 | 1928 | 1020 1931 | 1932 | Total
: 1 |

Ntnt- A’unbt\"ﬂm- Niaw-] Num=t N Nwm= Nua-} Nem-| Nume Nuw-| Num-{ Num-
ter | ber L ber | her | be b b ber 4 b ber
Corrugated 05 1 x 205 34

J Normal 7

237 | Corrugated limb variation

Total. . ...

; ‘ Corrugated
B2 O S 1 BT L O RN

HNormml

Total._ _._.

p2¥) ; Crumpled-Leaf limb variation
M1y _doo,

e
(3R | ] w

'Pree removed in May 1925 heeause of tao close planting,
2 The qul}t crop on this tree was due 1o vampetition of neighboring street trees.
3 The fruits of this variation are similar (o those of the normal Eureka strain.

TINLTAOITOY IO "TITd "8 "0 ‘1¢¢ NILETING TVOINHOEL
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PROGENY DATA ON LISBON STRAINS

The average total production per tree for the progeny trees of the
most impertant Lisbon strains is presented in table 6. The rank of
these strains by vield is the same as in the parent record plot except
for the two highest, the Lisbon and the Dense strains, and the differ-
ence between these is small for a 12-year period. In the parent plot
the difference between these was only 9 pounds per year in faver of
the Lisbon strain, or shout 1% percent greater, and the data included
the dropped fruits. The Lishon sirain trees have more drops than
do the trees of the Densc strain, and if these drops had been recorded
during the entire period of the progeny records it is probable that the
totals for the Lisbon and Dense trees would be more nearly equal
than is shown by the data.

Tanne 6.—Production of progeny treex of turportant slraing of the Lisbon lemon
propagaled tn May 1016 from selecled parent trees and planfed in Mey 1518

[The duis show Lo average crop per Lres for ench yonr nlter ey besmar Deariige aned for the toeial

1wl
11=42, inelusdve,  Notrecs of the Depso stradn were planted in the progeny plod al ]li\'ersitle!
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The similarity of type of [ruils in the parent and progeny trees is
shown in ligures 21, 22, and 23, illustrating fruits from parent and
progeny trees of the Lishon, Dense, and Open strains.

The percentages of green [ruit and ol wvariable fruits, with the
averago number of seeds per [ruit, {rom the progeny trees of the im-
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FIGURE 21— Froiis af thie Lishan stinin af Vhe Bisbon lenon from o bypdeal tree of Usis stoado i tho oripins)
Lisbon performance-recond plob (A1 aoed siemiler freits (0 o g progeoy lece propagsted in 196 from
;,Ee freo thad praduced the fritits ab (4), showing siwilarity Lo fraits of purent freo,  Corons, Oalif,, April
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TIOURE 32 —Froits of th Dease steniv of e Listog benzoe eom a sypieal troo of Lhis steain io the originn
Lashpn performanee-recond plot (o) el similur fruits (B) {rom n progensy iree projucatod in WG from the
tree Ll protoved the fribls wl o, showlng perpetuntion of cosrse fexture und undesirable shope.
Coranu, Culil, Aped] 1027,
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B

FiIGURE 23,—Fruits of thie Open strin of the Lishosy lonnn from n bypicnd troe of U stonin in te origink
Lisbon perforiusnce-record plot (4 and similur Guis (5 from & pEDELny LEee projhuzgted i 1908 from
tie tree that produced the fruits at -, showing perpetnition of oval sheepss gid sttootl text e, Corang,
Cullf., Aprli 1527,
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portant Lisbon strains are shown intable 7. These data show a {airly
close agreement between the progeny and parent trees except for the
low percentages of green ifruib at Riverside, and that condition is
similar to the records for the Eureka strains as shown in table 2.

TasrLe T.—slrerage percentuges of green Jruits end of veriable fruils ond wamber of
seedy per fruil v the eraps of the progeny and parent Irees of Tmportant stratus of
the Lisbon lemon

{No trees of the Danse strobn were plunted in the progeny plot ol Hiverside]

Cirenn prade freil Yuriable fruits Bewls per franit

Prapeny (rees, 10 Furent Progeny ress, 12 Parent I'rogeny Parent
yeurs, itR2-322 trewes, 4 Vears, W2l tres, 4 lirensd, §ysar,|  Lrees, 3
vours, Jaiy _o | vener, July | Sepreitber | vests, July
FHR o June, Jutd o dane 2L A I to June
E, T River- (U pUVL 03, 1046,
Corgnp | g |0 oTons Corong Coreng {orong

River- | (-
wnde 1I Cortinn

i

Prreent | Pereent Hercent | Percent | Preeend 2 MNaranlie Nuwber
Lisbon 5. b w2 (1] u.y 2 .

Lrense . S i, 4 A4
(pen Cmeman 3 L T4 Nl b
Unproductive . 57 i2.8 1 G5, 5 X JLetR]

4.
1.
118
1.

The monthly yields =

of totsl c¢rops ure o erogE
shown in table 8, in — ——PROGENY,
which the percentuge CORONA

of fruit produced by —RARERTS,
months is shown for —i

the Lmportant Lishon
stroins. The progeny
trees in the (orena
plot follow fairly
closely the produetion
ol the puarent trees,
even though the data
for the two plots cover
entirely dJdifferent
periods wnd  monthly
production 1z influ-
cneed o a considernble
degree by climatie
conditions. In the
progeny plot at River-
side the heavier produe-
tion in Fenruary and
AMurch was similar fo
the production trend in
the Eurcka strains, as .
shownintable3 andfig- E 3 g Z g % v
ure 20, and is doubtless m oo Z 8 5 2 <
enused i]}’('IiII}:lli(‘. Vitrl- Finves M- Pereontages of Uie apnunl crops precueed el manath
ations hetween tho fwa 12,5t the ishon oy of tho liicn bews in s ey

toed 1rpefas .y 3 o eover Lol yoars W21 1o 1032, Inclusive, fer the progoeny frees aoil
lhht] 1ets. A grup hic tite i yueurs from July 1014 to June 1267, inclusive, for e pareat trees.
representation of the

monthly pereentage ol production for the Lisbon sirain is shown

PERCENTAGE OF TOTAL CROP
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in figure 24. This emphasizes the varintion between lhe Riverside
and the Corona progeny plots and the close agreement hetween the
Corona progeny plot and the parent plot, which was also at Corons.

TabLe B—Percentages of {otal annual production by monlis from trecs of fmportunt
stratns of the Lisbon lemon in progeny and parent record plots

[The duté for the progeny Lrees nre for Lhe Yeurs 1621 to 1982, inelusive; those for the pirean troes sover ths
3 years Iroey Judy 184 Lo June 1917, inelusive)
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Percentige of noousl production in -
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The average circumferences of the trunks of the progeny trees of
important Lisbon strains in the Coronu. plot at two periods 2 Veirs
apurt are presented in table 9.

Tanue Q—dveruge cireumference, aboul Jf fnches above bud wnion, of lrunks of
progeny frees of dmpuriont strains of the Lisbon lemon in the experimental ol
i the Jamesan vrehard at Corona, Calif,

¢ AAvernie clrennferenes |
P 1 i Hunk by Aorerage
Slain HICE T TR nuk by e,

B R FA CEERY B
D3ay MHE June s = drdir
¢ .

Nuwbar

Laglwny e e e el - 166
LDense. . A .. B
"o R e lik
Unprodictive I

Records of the aunual production of progeny trees propagated
from several similar limb variations which were found in Lisbon trees
are given in table 10.  These are nll variations of minor commereinl
mmportance though they are very striking in character and of grent
scientific interest and value,  Most of these forms show an unstable
inhentance; i, e., the progeny trees produce both normal fruits and
those like the limb variation {fig. 25) and with greatly verying pro-
portions of the abnormul fruits,
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Fiovree 25.—Frojts of the Lishon strado of the Lishan lenton frant o tree of thal steain io the original Lisbon
performance-revort plol L) and fruils of the Kidged aad Collared sirain fram n bimle varistion In (he
same parenk tree (01, with stindlae ity of botk the Lishon (4 and Ridged sod Collneed () siening
from A situgle progeny Iroe propugmted fn 16 from the uorenal purt of the tree Uit produesd the fruils
ub A and ¢ Corona, Coellf, Aprit 127,




TaBLe 10.—Records of annual production of progeny trees propagated in May 1918 from limb varialions of some of the minor Lisbon strains

Progeny
treg no.

22N

2-14.

Ei

aop2

213

20-20.....

Sotree of buds

Parent
tree
no.

g

24

2uy

218
218

20

220

ptd)]

Limb

Ririped variation i tree of Unproduetive
strain,

adoa

l'vnr»xlmlwtl varfatlon,. ...
tlo

Varfation hearing pear-shaped, ridged frutes

|
. :]

i

do,2.

doy . e e

Character

Striped .-
l)vu% U nprmln('(l\e
Totnl

Striped -
Dense Unproduetive.

Total ...

sStriped
l)ensu v nprmhw(iw

Total..oou. .n

Pear-Shape......
R [ SR

Total...o. ...

Pear-Shape... ... ...

Normaleeo oo

Totala.oeuas ..

Pear-S hape and
Ridged.
Normal... ... ...

Total. oo oo ono .
Pear-Shape and
Ridged,
Normad | I

Total

Fruits produced by progeny trees

120§ g2 {1923 [ o2y | 1095 | 926 | s997 | 1908 | 1u20 | 1930 | 1931 | 1632 | Totl
No, | No.o [ Noo | No, | No. ; No. | No. t No. | No. | No. | No. .«\’n No.
0] 0 0 139§ w2 | a6 | Tems | Cred | Cour | T4t | 445 | “3s8 | 3,407
1 0 T 85| s2| 07| 12| 9| 134} 20| dol| w0 | el
1 0 U] 1 | e | e | 707 | o7 (L1st| 62| 646 457 | 4,08
tF ol - o) ws| ea| 17| soo| 206 o83 | 73| ea7| 313,82
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The trees listed at the end of tabie 10 are of special interest because
it was a propagation of a similar nature to this (fig. 25), early in ihe
study of the inheritance of lemon variations, thut showed the impor-
tance of avoiding, in commercial propagation, the use of budwood {rom
any part of a tree that bore an undesirable limb variation. Trees
2-28, 2-29, and 21-6, recorded near the end of table 10, were propa-
ealed from a Corrugated Limb variation, bearing only Corrugated fruit,
in o tree of the Dense Lishon strain, and are shown to be unstable in
inheritance, producing a large proportion of Coorrugated strain {ruits
with some normal fruits. The Jast eight trees listed in this table
were propagaled at the sume time as tﬁlle three just mentioned, but
the budwood for their propagation was taken from a limb on the
opposite side of the parent tree from the Corrugated limb, and it
was bearing only normal Lishon strain fruits und liad produced only
normal fruits during the 2 preceding years, during which performance
records had been secured from it. Two ol the eight progeny trees
from this normal propagation, 21-12 and 30-28, are shown fo huve
horne nothing but normal Lisbon fruits, as they would commonly
be expecied to do; four of the eight progeny trees from this snme
propagation, 12-15, 12-16, 12-17, and 21-13, have borue nothing but
Corrugated fruits like those produced en the limb variation in the
parent tree; and two of the eight progeny trees, 21-11 and 30-24,
have produced both Corruguted anJ normal Lisheon fruits, as did the
progeny trees propagated from the Corrugaied limb variation. In
commereial propugations it is of course desirable to produce only
iypical trees of the desired variety. The possibility that abuormal
trees may develop from normal budwood from a tree that has an

sbnormal limb, as happened in the case just described, shows the
importance of taking commercial budwood only from trees that have
been studied eurefully and found free from any undesirable limb or
single fruit variations.

PERPETUATION OF YARIATIONS IN QUANTITY OF CROP

The tmportant strains of both the Eureka and Lisbon lemons pro-
duce characteristicnlly different amounts of lruit annually under
comparative cultura! conditions, us shown by records af the progeny
trees in tables 1 and 6. In some instances the strains having abuor-
mally high or low yiclds hiave folinge churneteristies that are uppur-
ently correlated with the quantity of production, sueh as density,
shape, or color of the leaves and vigor or habit of growth of the trees.

COMMERCIAL QUALITY OF CROPS OF DIFFERENT STRAINS

Tn some instances the lemons produced by the various entire-tree
and limb variations and the progeny trees propagated from these
variations differ in commercial quality to o marked degree; in other
coses they are so similar in appenrance as to be indistinguishable.
The most striking and clearly appurent ol such characteristics
include the shape, size, and color of the lemons, the thickness, tex-
ture, and smoothness of the rinds, the amount of rag, the abundance
and acidity of the juice, and the number of seeds.

The oblong to oval shape of typieal Eurcka and Lisbon strain lemons
is considered to be best suited for pucking and handling operations.
The pear, bottle-neck, round, or other abnormal shapes that are
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charucteristic of typical {ruits of some of the variations of the normal
strains are Jess desirable than the oblong to oval shape both from the
stendpoint of packing and of other phases of handling.

As lemons are picked "vhen they reach a predetermined size, there
is ordinarily little danger of obtaining fruits that are too lurge for
market purposes. However, the trees of certain strains tend to pro-
duce a considerable proportion of fruits that do not grow sufficiently
large for the best results. While the development of undersized
lemons is largely due to uniavorable climatic, soil, or cultural eondi-
tions, the inherent tendency of certzin strains to produce small
lemnons has also been proved as u result of these progeny tests.

Fruits that reach picking size while still green in color are the most
desiruble ones, It hus been found in these studies (tables 2 and 7)
that some of the varintions tend to preduce a larger propertion of
deep- or light-green fruits than others,

SEASON OF MAXIMUM PRODUCTION IN IMFFERENT STRAINS

The tendency of the trees of ull of the lemon strains in these inves-
tigations is to develop the maximum amount of bloom during the
months of Mareh, April, and May. The trees of a few strains bloom
to a greater or less extent during ail seasons of the year, so that
blossoms and small and large fruits are to be found on the same trees
at all times. However, there is & ruther marked varietal difference
in the season of maximum production of fruits of picking size, and
similar marked differences chinracterize several of the strains.

The trees of the Eurcka strain of the Kureka variety and the Open
strain of the Lishon variety, as shown in tables 3 and 8, tend to pro-
duce lemons throughout all seasons of the year, although the largest
proportion of the bloom and set of fruit occurs during the spring
months. The trees of the Shade-Tree and Unproductive strains of
the Eureks variety tend to bloom heavily during both the spring and
autumn scasons, but many of the blossoms are imperfeet and do not
set fruits. The fall blooms of these trees are the ones that ordinarily
develop the crops produced during the fall of the year following the
blooming,

The trees of all the strains of the Lisbon variety, except those of
the Open strain, tend to produce their erops most heavily during
inte winter and spring,

Differences have been ohserved in the season of blooming and of
maximum fruit production of individunl trees of o struin and to  Jess
extent of different branches on the same trees.  An investigntion as
to the possibilities of perpetuating these characteristies through bud-
ding is being made, but the availuble data are considered to be insuffi-
cient at this time to warrant final conclusions.

RELATIVE INHERENT STABILITY OF DIFFERENT TREES

The performance records of progeny propagations of curefully
selected lemon trees have shown that the charncteristies of some of the
parent trees have been perpetusted much more uniformly than others,
Where buds have been taken from normal branches of parent trees
having one or more limb variations the progeny trees have shown
great variability in fruit and folinge characters, us shown by the
records of progeny trees from parent tree 212 in table 10. Ina few
instances the progeny trees of apparently normal parent trees have
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been quite variable, indicating that the parent trees were inhorently
unstable,

As a rule, parent trees having limb or individual fruit varintions
are slmost certain to transmit tendencies to such variations to the
progeny trees that have been propagated from the normal parts of
such parents, whereas thie progenies of parent trees having no marked
varintions of fruit or foliage tend to be uniformly like the parent
irees. Such uniform progenies are considered to be inherently stable,
and when the guantity and commerciul quality of their fruits are
superior to the average [or the variety they are suitable for com-
merciul propagution.

‘The progeny test of selected parent trees is a relinble method of
determining iheir relative inherent stability, While it is oftentimes
possible to estimate the inherent stability of selected trees through a
study of their performance records for a period of yeurs and from an
study ol {he fruits on the trees, the progeny test reveals the actual
relative inherent stability of the parent trees as well us of the progeny
trees. The most serions objectivn urged against the use of the
progeny lest in commerchil bud-selection practice is the lengtly of
time required to obtain necessary data and information from wlich
safe conclusions can be drawn,  In some instnnees this period can be
materially shortened through top-working estublished older trecs,
using buds from the selected purent trees for this purpose. With
nursery progeny trees, perfurmance records covering n period of
4 or 5 years of orchard growth and production are ordinarily thought
to be adequate for most purposes,

ISOLATION OF INHERENTLY STABLE STRAINS

The isolatien and propagation of inlerently stable and superior
strains of the commercial varieties of lemons is an important fnctor in
prolitable lemon growing. The studies that huve been earried out
in this investigntion indieate that through the selection of budwood
from parvent irees found through progeny tests to be inherently
stable, such as are shown in figures 21, 22, and 23, it is commercially
practicable to isolate and propagate strains in which the trees strongly
tend to the production of unilormly desirable Iemons. In this
Tundamental way the proportion of first-grade fruits can be inerensed
without any added cost of production.

Studies of second-generation progenies that were propagated from
the best producing trees of superior progenies indicate that con-
tinuous improvement of the population of lenien strains is possible
through the systematic selection of budwood based upon the per-
formance records of inherently stable progeny trees and the use in
commereial propagation of buds from only the best progeny trees.

ELIMINATION OF INHERENTLY INFERIOR STRAIN TREES

The results of the lemon progeny tests reported in this bulletin, as
well as otliers that are being carried on by growers, indicate that
through careful bud selection based upon the performance records
of progeny trees it is practicable 1o avoid the propagation of trees of
inferior strains.

In established beunring orchards the inferior-strain trees can he
eliminated profitably through top-working or replanting, Both of
these mothods have been described in a previous publication (77).
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The elimination of inlerior-straln trees results in increased and
improved production and reduces the losses due fo the work of
ussorting and disposing of the undesirable fruits that are borne by
such frees.

COMMERCIAL IMPORTANCE OF LEMON BUD SELECFION

Without eareful und systematic bud selection in propagation, com-
mereial lemon plantings tend to become inefficient through the
presence of frees of inferior strains that have been unintentionaily
propagated from undesirable limh and free vurintions, This condi-
tion is due to the fact that witheut the intelligent selection of propa-
guting material from superior parent trees undesirable limb and tree
variations sre likely to be perpetunted to an ever-increasing degrec
in young orchards, so that the proportion of the trees of these inferior
straing may soon become sullicient to impair seriously the ¢fficicney
of the varieties for profitable lemon production,

The trees of certnin strains ol the established lemon varietios ure
hetter adapted to the loenl environmental conditions of some eitrus
distriets than are those of ather strning.  In commereinl propagntion
it Is Important to select budwood of the partieular strains besi
adapted Tor enlture under the conditions where the trees are to be
planted.

As & result of tree records obtained in these investigntions it scems
probable that seions from the trees of some of the strains make a more
congeninl bud union with certain rootstoeks than is the case with the
scions from the trees of other strains. Therelore it is important to
use rootstocks that are known to make satisfactory bud unions with
the particular strains to be propugated.

The adoption of the varicties now used for the production of the
Iemon crop in the Southwest resulted from long-continued commercial
experience. These proved varielies constitute an invalunble asset of
the lemon industry, and the maintenance of their efliciency for lemon
production is o matter of primary importance. In & like manner the
use of the best strains of these varvieties, the trees of which are par-
ticulurly adapled to Joenl soll, climatie, rootstoek, and other environ-
mental conditions, is a matter seeond in importance only to the
adoption of the most soitable varietios. These results can be mosé
economivally and coertainly achieved through the use of buds for
propagution that have been selected from tho best parent trees of the
superior strains known to be suitable for the locelity where the
resulting orchard frees nve to be planted. A4 the present time the
commercial supply of selected buds used for tha propagation of lemon
trees in the Southwest is secured lurgely through cooperative organi-
zations ol growers, and to a less extent from lurge individuul growers
and nurserymen.

SUMMARY

The lemon Industry is a rather vecent commercial citrus develop-
ment in the Southwest. Two varieties are grown in this districs, the
Eureka und the Lishon, the former having originated {rom o selected
lemon seedling in Los Angeles, Culif,, in 1877, and the Jatter being
an introduction from Australin with importations in 1874 and 1875,

Bud variations in the trees of (hiese varieties have been found to
gceur more frequently than is commonly supposed, and the uninfen-
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tional propagution of some of these variations has led to the develop-
ment of a number of strains that differ in habit of growth and foliage
characteristics of the trees and in the guantity and commereinl quality
of the fruits.

These bud variations have been found to occur as individual frult,
limh, and entire-tree varintions. Progeny tests of linb and entire-tree
variastions have been carried out to determine whether or not their
characteristics ave perpetuated through bud propagation. Perform-
ance records of the progeny trees have been ohtained continuously
since they began bearing. These individual-tree records and syste-
matic notes on vegetutive characters provide a relinble hasis from
which conclusions can be drawn as to the degree of herifability of the
parent bud variations. The duta obtoined in these individual progeny
tree-performuance record studies, fogether with a discussion ol the
results, are presented in this bulletin.

The progenies of the limb aud entire-tree vasiations have becn
showing consistently large or small yields, depending upon the relative
quantities of fruits borne by the parent linb or entire-tree variations.
The trees of the high-yielding progenies have shown moderate vege-
tative growth with an abundanee of oval-shaped, deep-green leaves.

The trees ol some of the progenies have tended to bear most of
their fruits during the spring, others during autwnn, while in other
instances there has been u rather marked tendency to the production
of more uniform quantities of lemons throughout the entire year.

The commercial quality of the lemons produced by the different
progenies, including their shape, size, texture and thickness of rind,
Juiciness, and acidity of the juice, has been very similur to that of
the fruits borne by the purent vartations,

The progeny trees of the lmb and entire-tree varintions have pro-
duced uniform crops of fruit in those cases where the parent variations
bore uniform lemons, while those that were propagated from varia-
tions that produce valuable fruits have borne crops with about the
same degree of variability as the parent variations. The uniform
parent varintions have been considered inherently stable ones, whereas
those that are variable have been classified asinherently unstable ones.

The resulis of the progeny studies strongly indicate that through
bud selection bused upon performance records it is possible to i1solate
and propagate inherently stable and commereially superior strains of
the Bureka and Lisbon lemon varieties.

The elimination of the commercially inferior and inherently un-
stable strains ecan be accomplished through systematic bud selection
and the use of buds in propagation from only the inherently stable
and superior parent trees as shown by progeny tests. In established
orchurds the inferior strain trees can be 1'e-p%aced with desirable strain
trees through top-working or replanting,

The Tesults of these investigations ishow that the heritability of
observed variations in the fruit or vegetative characteristics of lemon
treef can be definitely determined through the use of the progeny-test
method,

The individual progeny tree-performance record studies are of value
in the consideration of the degree of inheritance of the characters of
the parent variations and are sometimes of commercial importance
through obtaining reliable information as fo sources of inherently
stable and comimercially superior budwood for propagation.
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