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INTROPUCTIGN

Most of the Persian (“English”) walnuts produced rommereinlly
in the Uunited States are grown on the Pacific coast. California
produces about 95 percent of the total erop, while Oregon and Wash-
ington have a small but increasing walnnt industry. The total
area in walnuts in California in 1929 was 127,485 acres, of which
87,564 acres were bearing frees and 39,921 not yet in bearing; the
acresge in Washington and Oregon was app:"O\"lm'Ltely 18,000, shrfh tiy
over half of it bemg young trees not yvet in bearing. The average
annual production in Californig for the 10-year period 1918-27 was
52,320,000 pounds, the minimum being 30,000,000 pounds and the
maximum 102,000,000 pounds per year. There is considerable
variation from year to year in the size of the crop produced. Some-
times a light. crop is traceable to some such simple and obvious canse
as heavy Trosts affecting large aress during the blooming season, but
more often the causes for crop failure are not easy to discever. Even
in years when the average yield is high, growers are sometimes baffled
by the failure of the mdlvlg al orchards or groups of orchards to bear.

82751°—34—1
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It has long been suspected that a light set of nuts, as well as other
characteristic walnué troubles, including the premature dropping of
the pistils, failure of the kernels to fill out, “off-shaped” nuts, and de-
fective shells, may be related closely to pollination. Van Deman (13),
in Bailey's Cyclopedia of Horticulture, wrote:

On the Pacific coast the Persian walnui is 5 great success ¥ % % True
enough there are some failures, but they are mostly due to lack of proper poili-
nation, & matter which can and will soon be geuerally understood and overcome.

In the absence of scientific data there has been great diversity in
the opinions and practices of orchardists. Many have planted single
varieties In large blocks in the belief that self-pollination is adéquate.
Some have attempted to insure cross-pollination by planting rows
of black walnuts on the outskirts of their orchards. Other growers
have planted several varieties, maintaining that eross-pollination
improves the yield, the varieties being selected necessarily at random
without accurate knowledge of blooming habits or pollination charac-
teristics. One so-called variety which has been o great favorite in
California, the Santa Barbara, is not o single variety but merely a
geedling type.

It should not be supposed that pollination is the only factor that
may affect the setting and filling of walnuts. Water shortage,
severe leaf injury or lack of {oliage development, and peor nutritional
conditions, such as an insufficient supply of nitrogen, must also be
taken into account as possible causes of light erops. The fact re-
mains, however, that pollination as a factor affecting walnut pro-
duction has not received adequate scientific attention heretofore,

In an effort to solve the problem ol the exact relation of pollina-
tiun to crop production, experiments were begun on a small scale
in 1920 and were continued with increasing emphasis each season
until 19249, While all phases of the subject have not been desls
with Tully #s vet, certain focts have been ascertained which throw
iight upon the problem and which, it is boped, will pave the way
for a more complete solution. This bulletin is, therefore, a report
of findings to 1929 thought suificiently significant to he of value to
growers.

The experiments followed three main lines: (1) The leading
varieties and o few of the unususl varieties were tested to ascertain
whether they were seli-fertile or self-sterile, whether they were
interfeitile or intersterile, and whether they differed in degree of
self-fertility or interfertility. (2} Detailed studies were made of
each of the varieties fo ascertain the relative time of the blooming
of the pistillate and staminste flowers and the relation this might
have fo crop production. (3) Experiments were conducted to
determine what relation certain other pollination factors have to
nut development and production.

BLOOMING HABITS

A brief consideration of the blooming habits of the walnut is
necessary to a clear understanding of pollination problemns. The
Persian walnut (Juglans regie L.}, like all other species of the genus
Juglans, 15 monoecious, and bears anemophilous unisexual fowers.

titplic numbers in perentheses refer to Literninre Cited, p. 56,
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Although both types of flowers (stmminate or male blossoms and
pistillate or femalc blossoms) are borne upon the sume tree, they
are produced upon wood of different age and structure.

The staminate flowers develop from buds formed upon wood of
the previous season. The buds remain upon the tree throughout
the winter months, Such buds are preduced in the leaf axils of the
twigs (fig. 1), and ordinarily occur singly, often with « leaf bud jusé
above the axillary flower bud on the twig. In some varieties two
or more staminate buds are ocensionally found in the leaf axil (fg.
1, B). The position of the staminate buds relative to the leaf buds,
leaves, and fruit is shown in figure 2.

A

Figurs L —Wainut (wigs showing position of staminate Gower bils in wxils of leaves: A, Twig showing
axillnry catkin buds (@) andd leaf buds (8); &, twip showing bwo entkin blids fo and o Y in uxi) of tha
leal. "Phe buds are forined during the growing season aned remnin dorioani over winter, Frequentlly
leaf buds of the Lype shown al 1, &, remain dortungt souson fflor Sensnn.

The pistillate blossoms (fig. 3), on the other hand, are horne
terminally on shoots produced during the current season (fig. 4,
b; also fig. 13, O, ¢). The number of pistillate flowers appeariag
on the tip of ench branch varies with the variety, season, and vigor
of the shoot. The pistillate flowers are borne upon & rather suceu-
lent growth, whereas the staminate fowers are borne upon ftwigs
possessing & more woody structure. Pistillate flowers are produced
and develop into nuts in a single season, and do not pass through
a dormant season or resting stage as do the staminate buds {figs. 2,
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4, and 5). This difference in the types of wood on which pistils and
catkins are borne seems to have an important influence upon their
behavior, as will be shown later.

The development of the staminate flowers during the blooming
time in the spring is interesting. When warm weather comes the
short cone-shaped bud enlarges, the bud scales open, and the spike
bearing the immature flowers elongates. It points upward at first,
but with its continued elongation and the enlargement of the

roo-

[ DS | NG EATo

FoURE 2.—Waluul twig showing relative position of catkin buds, leaf bicls, leaves, and nu: a, Catkin
trads: b, lesf buds; ¢, nuk; . lenf soars.

individual flowers it finally becomes pendent. In all varieties the
staminate catkins are pendent o considerable time before the pollen
grains are shed. The flowers in the pendant catkins are in an inverted
position, the stamens hanging downward. As the anthers in the flow-
ers dehisce, much of the pollen falls, if there is no wind, into the cup-
shaped depressions upon the backs of the flowers below, as described
by Kerner (7, 1902 ed.) for the genus Juglans. These depressions are
formed by the turning back of the calyxes (fig. 8). Through this
peculiarity in the structure of the llowers the pollen is prevented from
being scattered upon the ground when the air is still. Later, when
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winds arise, the pollen is blown out of the cavities in the ealyxes and
is transported considerable distances. In the common varieties of
Persian walnut grown in California the shape of the calyses varies,
so that the efficacy of this natural method ol conserving the pollen is
greater In some varieties than in athers.

Besides the structure of the ftowers, three other characteristies of
the walnut tend te insure the proper distribution of its pollen: (1) The
pollen grains are so small that they can be carvied by the wind; 2} a
vast number of pollen grains are produced, with the result that much
waste may occur without preventing efficient distribution; (3) the
catkins on the tree do not all mature at once, hut bloom over a
considerable pertod, increasing the probability that at least some of
the pollen will be distributed during favorable weather, As the indi-

Fropeg 4.—Pistillate Nowers of the walnut slidhily ioagnibed. o, Stigmsn, whiel roceives and haolds
the pollen prains; &, overy,which under vweoper canditions develops fute the nat,

vidual flowers in a catkin mature ot different times, under some
conditions u single catkin muy produce pollen lor several days.

FERTILITY AND STERILITY

ARTIFICIAL POLLINATION AS 4 MEANS OF ASCERTAINING WHETHER VARIETIES ARE
SELF-STERILE OR INTERSTERILE

In theory the method of determining whether walnut varieties are
self-lertile or sell-sterile, interfevtile or intersterile, is comparatively
simple. All that is nceessary is to protect the stigmas {rom veceiving
pellen by natural means until such time as it is appropriate to apply
the desired variety of poilen to them by hand, alter which all other
pellen must be excluded,  1n actual practice muny difliculties were
encountercd.
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METHODS TUSED IN ARTIFICIAL POLLINATION

An uttempt was made to exclude the pollen [rom the stigmas by
covering the tipz of the branches with glassine and manila-paper bags,
which were replaced [rom &ime to time as neeessary.  Fxeept in cool
seasons, this method was upsatisfactory, beenuse overheating within
the bags often oceurred and caused the pistils or small nuts to drop.

The most satisfactory covering for the pistils was finally found
to be cotton batting, such as comes in rells lor quilt making.  Cotton
had been previously used by the late Walter Van Fleet, of the United
States Deparsment ol Agriculture, {or excluding pollen in his walnut-

FIGURE 4.--Watont braneh shawine manner o which staiioate gmd pistiiide Bowers aee borne, a,
Catkin whiel grew fron o catkin bud sindlar 1o thal shown fo figure 5, e The eatkin bud originated
diring Lhe previous growing season nn:l remained donntnt over winter. Tlio ealkin is horte upou
woot of lnst senson’s prewt ]l (Fhardwami ), The shoot shown at.rdeveloped dierine the enrrenl sensgn
from 3 foliage bad similar to Uit shown i dgare 5, 8 ancd bears tenninnlly the plstil, b, 2 st yeur's
woid growih kenves off and Lhis year's growl burins ot e, Leal sears are showo ab .

breeding work.  Alter several metheds of applying eotton to walnug
pistils had been tried, the following procedure was found to be most
satislactory: A small amount of cotton ol just suflicient size to cover
the stigma was plueed upon it. A large wad of cetton was then
wrapped around the tip of the branch so as to envelop completely
the end ol the twig. The cotton was held in place by small rubber
bands. IBach pistii cluster was tageed and recorded separately.
Owing to the clongation of the tips ol the branches as the season
advanced, the outer layer of cotton had to be replaced from time to
time (overy 7 to 10 days). Theinner layer of cotton served to prevent
any stray pollen from alighting on the stigma while the change was
being made. It was essential that the cotton be placed on the twig
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hefore any pollen was distributed by the wind.

WALNUT IN CALIFORNTIA

With some varieties

and in seme districts, as explained later, the staminate flowers or

catkins precede the pistils in development.

Conscquently, it was

necessary to cover the tips of the branches very early, in some casecs

o

belore the pistils formed, in order to be
certein that no pollen was deposited where
it might later get to the stigmas.

When it was desired to pollinate the
stigmas, the cotion was removed, the pollen
applied, and the stigma re-covered with
fresh cotton. Sometimes the cotton was
disarranged through the whipping of the
branches in the winds. In soime locahifies
birds tore it off for building nests. Where
this was fhe case it was found advisable
to cover the cotton on the tips of branches
with mosquito netting. When for any rea-
son a pistil became exposed or was injured
it was climinated from the experiments,
Cotton was kept on the pistilsaconsiderable
time after the stigmas became thovoughly
dry and nonreceptive. The pistils appear
to develop as satisfactorily under cotton as
they do when exposed naturally. The col-
oring of the stigmas takes place somewhat
more slowly, and they <o not usually
mature quite so rapidly, but otlierwise no
difference in developruent is noticealble,

In applying pollen to the stigmas a long-
handled ecamel’s-hair brush proved more
convenient than the she.* brushes often
used in pollination work, because it afforded
comparative ease in avoiding contact with
the folinge, which is partly developed at
the time the stigmas are receptive.

SELF-FERTILITY AND INTERFERTILITY OF
VARIETIES

Experiments were conducted on pistils
of 15 wvarieties of Persian walnut. Pollen
from 18 varieties was used,’® and also pollen
from 3 otherspecies, viz, the Hinds walnut
(northern California black walnut) (Jugiuns
hindsi Rehd)), the California black walnut
(southern Californin black walnut) (J, eal-
Horniea 3. Wats), and the Japanese wal-
nub (J. sieboldiane Maxim.). Pollinations

- —

Fravre &—A portion of A walbod twig
tn rhe spring just as growlh isohout
togtart. o, Catkin buds fram whieh
will spring catkins similar to the one
siown infrure 4, 2, b, leaf or folinge
bl which will develop into ashaot,
similar to thal shownat 2 n figaee 4,
upecn wiich pistits will be borne ter-
minally. From ¢ downward in this
flgure is wood af the past senson’s
growth, conmmaonly enlicd burdwood
From ¢ upward will be the shant
progucert during the current season,
ns shiown in figure -1 It is more sue-
culent tn growth than that shown
below ¢. In both Ogures -t and 5, ¢
minrks the pleee nt which the hard-
wood of st sesson's growth etuls
aned thie softwnod of the present sen-
son beging. o, Leaf sears.

were made each season from 1920 to 1929, inclusive. Each variety
was pollinated by its own pollen and by as many other varieties of
polien as opportunity permitted. The work was performed in as many

districts as possible each year.

T For o st of the varfelles used and o beiel deseriplion of each, see List of Varisees, p. 50
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Fravpe s Seonrde influresesoee af twe walmo,
1uedloee.
stecledenp pallen, €5 Portion of axid of et kin with (wostsundmele Bovors ol uelied o, Anthersy b eadys;
rousds B Avgmionde fewers a, Snlheess b cadys Lo Coned £ opoke the cupesdinged dopreessions on
the Bk of the palyw b Nonive dhat the position of Che thowees in fhe pendent e kin are suehothat in

{he abeener of winel soroe of Che pellen droppime rom (he dehiseing antbers Blls into the deprpssion upon
Lhe Baek of ihe caly s of 1w llower nmlerncath.

A Uarkine withomest of (s Bowers apen and sheddding
A, Uik with nany af B Oowers opet, Biee ool Ueese s the Lize aoed estremse sgpun age
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Table 1 shows the varieties used, the number of pistils pollinated
the total number of matured nuis, and the percentage of nuts matured,
The column headed Open po]hmtlon shows the results when the
varieties listed were pollinated under natural conditions by the wind.
In cases invelving a small number of pollinated pistils the results
ave less significant than when a large number were pollinated; but the
smaller numbms are included because they have some value. The
small numbers in table 1 are due to the fact that in many instances
heavy discards were necessary, owing to injury brought by {rost,

rains, sunburn, aphids, mites, or bacterial blight.

Tapue 1.—Summary of resulls of sclf-pollinution, cross-pollination, aml open
poltination of Persion walnul varicttes in Californio, 19201920

Hasults when pollen of {he indivnied vaciety or species woas appiicd

Caneord El Monte Ehrhardt Furekn

Yariety or spocics of pistils

Tt nEing

LSS
ween® a0l

maturing !

uiy
maluring

nuks
HHLE

Nuts matured

Pistils

Suls matured

. Pistils poliiaated ;
U Mstih

U Pistits pollineied
|Pistils miatirring

- Pistils

" Plated,

L N et

1 Pisiils pollinated

T
|

]
M- | N - AI- NE- N ! Mo\ Nywm-
her | b el bcr her brr | der

Conrord S000 1,380 SLos T, 60 i LI R 1L
EL Monte,, . R IR . I A a0l a9y
Eureka R H .5 VA AL) P . S Y R 7, BT
Gialden Nuppe R . 32 5.3 A $2500 L1,
Franquotic. . . I R IR DR PR (R, 1,000, 1,215
Snn Jose [Willz ‘\[u\uite

8an Jose Mavetie). A . N U . T PO T (11 -
XXX Mnvette L S RV U PR RS AU I S]ovan tsy
Pavire..... ..., | 4 Y TER L 28k A3 - R e L 1
Plyeenlin.. . ._ BN T VR0l aenl '[ o i 2.2 13 "!‘J.
Snnts Barbara ... 2000 S R 11 Hl A e

I

F S
1
l

':3_"

toltden Nupset Frangieite "\'ﬁwctllfl'og(‘”"“"' San Jose

Conenrid oEE W . .":vll??!1 "D:i1 0.3 T 1My .

HI0 i 1 Y PR R B BT S
. .- - e R 1,3 10

) P

!' rnnquulle o, G 9.5|14, 024 ,.itl A 3331 12, 7| 8, TS
Mavetie (Greunhic) A A A 7

SonJdose. | T Tha, mee) s, v L
\,\\Mnsella. . AU R L) [i]] - .
Paynoe_. . ], i 2 2 I e #4370 11, fig#y] =
Kughnzi (e R U P A T B . o I T e
Flacentin R TP . . R AR R P OTLE 48T -S‘J&'

XXX Mayetie Tayng

Coneard_ ... - 4o R y KL
Ll deonte_ ... R, . L] EOG 18I
Eureke . FRTUE O U B LA Rl
(Folden \'u;.gn-l. R PR ; 452
Frongpetio . oo o . p X ; WAk amnl
San Jose. ... . e S E{LY . .-
XXX .'\Iu}ctlo e ! B[] AR U S

Payne.. o o e 2 £ U
knghnz: (Pcrsmn} R R S ! PO, L 670 H. ’
Phneentia | . A . - Y2, 5T &Nk LR § 24N B TR LA, @ t:l"
St Borbarw. . O T P L3 TL U 1A R A L. [ 11 Bl

! Pollinatinus made over o perind loss thae 5 years; ather pollinntions performed for 5 genrs ar longer,
3101 yeir in e certain loeality 87 percent of Lié muls formed in the Pnyne varaly wers injured hy blight.

15278 S

"4, BAb
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Tapie 1.—Summary of reswlls of self-pollination, cross-pollinalion, and open
pollination for Persion walnut varicties in California, 19801 929—Con.

Tesizhis whan pollen of the indienled vnriety or species wis applivld

Pride of Ventura | Praepurblorians Saniln Rosa Sanla Boarbarn

Variely or species of pistils

maturing
matariog

niits
maturing

Pistils pollinated
nis
Pistils pollinated
nuts
Pistils pellinated
maturing

nuts

Nuts mutured
Nuts mntured'
Nuts maturad

Pistils

Pistils
Pistils

! Pistils pollinaled
Pistils

] Nuis matursd

Nuni- Nt N b Nintn-| P Nuan-

Coneord

Ll honts. ..

FPayna
Placentis_...o..._ -

Prida of Venlura....
Pracparturicns -
Santa Berbari. o cee—o -

Willson

Ban Jaose R Ao . 12, 590)  BS1
Placentia , 04 13 2500124860

. w0l A 3
Willsan. oo ccmemree- |- eewn| TEER: BS1

{

pultination

CIOHIEOTI] - s omme cccamammmas oot amumerosammm T - aosas
EI Monte.

Eurekn .

Cloldent Nugpe - . . 1,17
Frooauetie c—_— . . 18, 20| 4, (03
Mayeite (Qrenoble) w0 L3
San Jost. aeocanaan . . 10, 108 2, 774
XXX Mayelte. 1,120 250
Payne. . . 32 . 0114, 610|134, LG8
Kaghazi (Pers . 851, 221
Placanlin 4 74, 043110, 830
i . S0, 11
Traensrluriens. - h 50
Suola Burbara. . 4,000 |, 02
Willson. .. . . J| w200 B0
b AT T PP T EPF PEET LR R RN . B G0

~EEEEERERNERRNRE
M LD 1 o QG M G0 RS e 0 D R e LS

) Pollinations made over o period less ihan § yeors; other pollinations perfermed for § years or longer.

Table 2 shows the results for each variety when pollinated by its
own pollen (selfed), when pollinated by all other varieties of pollen,
and when pollinated by wind under natural conditions.
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Tanne 2—Summary of restlls of self-pollination, cross-pollination, and open
poilination in some common varictics of Perstan walnul, Lased upon the average
of each variely

Selrpellinntinn Cross-poiiination Ouen pollinalioe

Yariely or snecies Plstity | Nuls 1 Pistils | Pistids 1 Nuts | Pistils | Pistils | ¥uls | Pistils
k- mw- | matar-|  pob m- | mator-|  pol- mn- | matior-
linoted | tured fing nuts| linated | tured |[ing nuts| linated | tared ing nals

Number| PercentNember| Number| Percent|Nwumber| Number| Pervent
Coneord 2, 1,480 3,906 | 1,77 3] 4,082 304
El Monte. i 2,410 308 4.8 Y] 0 46, &
1,073 L) 34
A8 T .0
5, 9534 3

Colilen Wugpet__
Frongueite.. ...,
Mavetto (renobiley_ . . ] i e
FXX Mayeite, . . $ A )
Payne_.. _ . - UG, 2 2%, A% TR | I T
Eaghnzi {Persian). i - A3 P .
Placeolin. .. -_. .. 5315 A0, 16, 11560
¥ H 0

B

W O b i BT ) O B2 G G0 O DS

B EN R TRy

1.

nPENEREREE,

In table 8 is given the number of Payne and Placentia pistils pol-
hinated each year for a period of years by each of the several varieties
of polien, also the percentage of nuts matured.  The open pollinstions,
pollinations by sell, and the average of all hand crosses for each yearare
also shown for convenience in making comparisons. For the Payne
variety the figures are given for each of the 8 years 1922 to 1927, but
on account ol heavy blight during 1928 and frost injury during 1929,
figures for those 2 years are not included. For the Placentis, polli-
" nations for each of the 4 years 1925 to 1028 are given.

Tanre 3—Summary of pollination by years for the Puayne and Placentia sarietics of
Persian walnat

Resuils of pollination

Variely or spreies of pollen Payne Flncentin
applic e —
Figtils Piskils Pislils Pistils
imlli-  {maturing potli- - |mataring
aateil nuks nntedd nuls

Nuts
fiad rared

Nuts
inaturet

Nuwmber | Namiber | Pereent | ¥ Number | Fereeat
130 20 !

Gl
12 153
Concord g2
g
353

El Manta

Ehrhardt,

Eurekn
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TanLe 3.—Summary of pollination by years for the Payne and Placentia varieties of

Persian walnul—Coutinued

Resnlts of pollioation

Varlat; or species of polien Payne Phacontia
appii
Yaar - i -
Pistily Pistils Nut Pistils Pistils Nuts
polli-  |maturing uis polli- | maturing uts
nitad nuls matureil nated mtis matured
Nunder | Muanber | Pereent | Nomiter | WNumber | Percent
}:}Z‘g 184 11 (LA
1% : L1
Golden Nugged. . e v coee el 1024 5 # 12_% )
- 1025 M 45 0.0 0
1922 T 0 36,0
5174 ] 1,050 400 6.3 |-
1024 1,670 430 44.49
Mavatte (Grenoble. .. ___..____ 25 i, R0 50 319
1026 2,118 030 9.8
1527 2,57 033 6.3
W28 | |eeimeeaaa e
1820 1,805 260 6.
921 1,850 270 25
1822 2,780 aty i8.
Jits3 3,000 nz 30
PAYOS ecmemm———— W24 2, 400 353 15
1520 11, 6t 4, 480 2.4
1536 2,70 &I 20,3 fi20 KL 1] k{IRt]
X 34. 4
7.4
Faghani (Persign) e w8
1
Plaeontife o e e ?g ;
36.0
Pracpartariens. oo .o ..

Sao Jose (Wiltz Mayelte, San

Jose Mayebte) |

Japanese

Open polligation__ _ceamoeeeos

Al excopt self-pollioation nnd
open pollinetion. oo e

1920 21, 662
1927 28, 515
1t O I,
1422 3, 602
1923 6, 431
1924 4,268
1425 8, 5
10925 14,400
1927 11,817

RT3 R

1,653

2,10 |




THE PERBIAN WALNUT IN CALIFORNIA

In table 4 are shown the pollinations made each year in each locslity
for five common walnut varieties extensively grown in California.

Tanre d—Number and variely of pistils pollinated, kinds of pollen used, end per-
centage of nuls matured for each method of pollination for each localily during each

year
POLLEN OF CONCORD VARIETY

Restits when used ta pollinnte indicated varieties

Payne Plaventit Frapquette San Jose Eureka

Yesr and loenlity
Pigtils | Huls | Pistils | Nuts | Pistils | Muts | Distids | Nots | Pistils | Nuts

polli- mi- poll- HH- poli- ma- polii- ma- poili- HR-
nated | tured | nated | tured { nated | tored | naled | Lured | mated | tuved

Number| Percent | Number| Percent | Number| Percent | Number| Percent |Number| Percent
[

15

IETY

Cakdaie. ... ...
BanJose......_...
1925

Oskdole ... o
Waterford_. _____.
Sacramento. ...
San Josa_ ...

162
Lladen.. . ______ -
15927:
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TaBLE 4. —Number and variely of pistils pollinaied, khinds of pollen used, and per-
centage of nuts matured for eceh method of pollination for each localily during each

year—Continued
POLLEN OF EHRHARDT VARIETY

Resnlie when used to pollinate indicated vorictics

: Payne Flacantin Franguetle San Yose Eurcka
Tear and lopality

] oo
Pisiiia Pistils | Nuts | Pistils | Nauds | Pistils | Nuots | Pistils | Nuls
palli- poth- nei- polli- | ma- yeodii- {8 puthi- ¢ -
nited wated | tured | aoled | lured | oated ] tured | nated | owwred

Nawsmics, Number) Pereent|Number| Pereert Number| Perconl (Number| Pereent
el a0 { '

ammm . EAT ] & T e BC L Lo

Lipden

Sacramento.

San Jost. an caeenn-
1925

Oakdoje..

Snn Fernaudo
1926:

Linden. o ooooan

Qakdale.

Waterford -

Sap Jese _.oo- .-
1027

Linden . ceea.ns

Qakdale-.

Modesta.

Whaterford..

Yuba City.

San Jose. -

281
Voemturn. oo . ooan ] - T

POLLEN OF TRANGERETTR VARIETY

£3tiED

Pan Jost. o aean-. PP
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'TaBLE 4.—Number and variely of pistils pollinated, kinds of pollen used, and per-
cenlage of nuls malured for each method of pollinakion for each locality during each
year—Contiouned

POLLEN OF FRANQUETTE VARIETY—Continued

Results when tsed o pollinate indiested varieties

Payne Plocentin Franqueite San Jose Hureka
Year ood lopatity

Pistils | Mutg | Pistils | Muts | Pistils | Nuts | Pistlls | Nuls | Pistils | Nuis
palli- mn- prldi- ma- polli- mae polli- + ma- jiolii- n-
nated | tured | oated | tared | noted | lured | noted | tured | noted | tured

1923: (Number| Percent | Number] Prreeat| Number| PercenfliNumber| PercentyNumber| Pereend
500 38 >

Aodesto___

Saeramonie
Yuba Cily
San Jose.
San Fernance
1026:
Linden... .
Oukdnle
Sacramento

Waterfard. .. ..

Yubn Cily

Son Jose_ .
1628

Yuhe Qity
1424G;

Linden...
Waterford
Yuba City_
Son Jose_ ___

OF GO ‘NUQGET VARIET.

149

bt
G

POLLEN OF MAYETPE (GRENOBLE) YARIET
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TaprE 4. —Number and veriely of pistils pollinaied, Rinds of pollen uscd, and per-
centage of nuls mainced for each metnod of pollination for each localily during each

year——Continued
POLLEN OF MAYETTE (GRENOBLE)} VARIETY—Continued

Resulls whon vsed to pollicate indicated varaties

i Payne Placentin Frangiiette San Jose Bureka
Year and locality

Pistils Pistils | Nuts | Pistils | Nuts | Pistils | Nuts [ Pistils | Nuts
polli- poili- min- pipili- - poli- TikE- polli- -
nated | tured | nated | lured | neled | tured | onted | tured | noted | wored

1823: Number|Percent | Nurmber] Percent| Number| Percent) Wumber| Percent|Number| Percent
Linden cvaeeecenne 240 11 N S L1 33 s

City __
Han Jose__ ..
4206

Tinden

Sun Jose. .

Chiro
1528:
Vot it sescme wmem
Yabu {ity

902

Lindeon

Oakdale
102

Linden -
Onkdale e kit

1024
. gmden HE) ki)
0k

FRH
. . 0 an
Waterlnrd. ... . .- . .- 1063 3n
R
. . His 7

Alendesto, o |-
Waterford . ... . kil ™

RIETY

1020
Lindet. e ceeee -

San Jose_ ... ..o
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TasLe d—Number and variely of pistils pollinaled, kinds of pollen used, and pe--
centage of nuls malured for cach method of pollination for each locelity during each
year—Continued

FULLEN OF PAYNT VARIETY—Canlinuc)

Year and loeallty

1923

Linden. ... .. ...

Oakidnde ...
Modesin. ...
san Jose. .
Chiva. .._._.. .
fizitc
Tigden ... ..
Cmkedale
Madesto_____ .
Whaterford. . |
Baermneila |
Ban Josp
Kinw ey
Yolo.o. ... .
i024;
Linden
Oakdale.
Waterfon]
Veninra . .
San Jose .
i
Lalon
Waterford .

b ATHITTT B
Yuha ey,

Venturs ...

Sandose o
King Cliy. ... .
1906
Linden _. .
Cakdale
Ventura. . .
San dose ., L
Toimz ity
10

Livien
Oukelnie. ., .
Moesta. ... __
Walerford. _.
Yohst City
Ventues. ... .. .
¥an dose . s
Chiog, oo
i H
Yol City
Ventm

Hesults wihten used fe podlinate indicatetl variotics

Pavne

T

' Pispils b Nuls
Eopolli- i
Conted  tored

i
Number- Pereent
2! I~

Placentin

;

Pistils | Nutts
_ polli- | mn-
. puted ' tared

. . . i |
Nrwmber, Porcent Number) Percent \Nwmber
; L . 100 n ¥

- ..

©opolli- |

Fegaguetie ' 2an Jose

Eureka

g1 ’ 4 P i - e i -
Pistils 1 Nuts i’lsl:isl Xus | Pistils | Nuts

m- ; paobli-
Y bnred ' oputed

15
e

N al 4 w
iy :

Lt

| pedli-
tural 1 nated

|
Pereent Numiber
i .

inn-
’ tared]

|
Prreent

BT S

60

POLLEN OF KAGHAZL {(PERSIANY VATUETY

1925:
Veutora.

[

]

R AT
1

1.

POLLEN OF PLACENTIA VALRIDTY

1905:
Lbnden, ...
Yenturn -

Sanin Pauda.. .4

1926
Linden
Walerfard
Ventuea..

]I --

1827519=31—3
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TanLe 4d.—Number and variely of pistils pollineted, kinds of pollen used, and per-
centage af nuls matured for cach methed f pollination for each location during cach
year—Continued

POLLEN OF PLACENTIA VARIETY—Continued

Hesults when used to pollinate indicated varizgtios

Year and loealicy

Payne

Plarentin I Franeette

Snn Jose Eurcka

Pistils
palii-
nuted

Nuts
ma-
tured

Pistils

Pistils 1 Nuts
podli- gt
natecd poured

Nuis
ma-
turut

polli-
naled

Pisuls[

]
!
!

Nulbs
-
e

Pistils
palbi-
nated

Nuts
ma-
tured

polli-
nnted

193y
Limden.___....____
LY H v SR
935: j

1
i

REN

Venbarft e ceecenaar .

Number Pereent
]

1 I

MNumber

Fereent ig\-‘umb(r: Percent' N mber; Percent ' Number: Pereent

Linden........
Uankinle. .
Mlodesia .
Whterford

Chakdale...
1523

Linden...._.._._..h o

Opkelale. .. .
Modeslo
Facramento

SanJose. e

1023
Ligden... ... ...0

Madesto, ..
Waterforl
Sacramnenio.

10

Linden..c.vavanns-
Caklale :
Walerford
Ventura. ...
RanJose ... ..
san Ferunnda

1525

Linden..- _......

Onkdale...

LiBden ceeaeae .
Oukdale... :
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TuBLE 4.-—Number and variefy of pistils pollinated, kinds of pollen used, and
percentuge of nuls malured for ecch method of pollination for each locality during
evch year—Continued .

e AT

i

POLLEN Or AN JOSE VARIESY—Montinued

i

Resulls when wsed 16 pollinate indieared varietles

- 3 1) H . s . 1
Year and Incality Payne Placentin | Fraoguelte ! san Jose Eirreka

Pistlls | Nuts | Pistils | Nuts | Pistls | Nuts | Pistlls § Nuis | Plstils - Nuts
peli- | owne Fopedli- | ma- polii- | ma- ] potli- 1 oma- § opelli-  ma-
muled 1 tured | nated | fnred |ouated | otured | nated b tured | nated 0 owired

Jiokng) Nmther Percent | Wuaber! Pereent Nutiber| Percend|Nvmber, Pereent| Nuntber, Prroent
Limlen. s 3 Wy e
opkelale. . . 460 1 % [P .
Woterfurd . . ri s 100 48], .
Yuba City. b
VERLuTH. . ..
Sapdose. ..o

Lo
Yubn Oy, ...
Vemturm. ...
Linden. . ocoann
WwWatprford.. -
Yuba City
San Jose. .

g, P, el W

12
Limden..

13
| TTETA .14 DR ——
Oakilale ..

L
Yertnrh,

POLLEN OF WASSON VARIETY

19205
524
i

Ly LTS DRI J, L, 530
{reit

Veniurs IR AN . 440

1925

L) RN A — 1,
1534
ventura 1,000

LTI P
J LI

Yemaurs
103y

i3y
Veninmi
1528

Venturm
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TaBLe 4 —Nuwmber and variety

year—Continued

POLLTY OF CALIFORNIA BLACK WALNLT

TECHNICAL BULLETIN 387, U.5. DEPT. OF AGRICULTURE

of pistils pollinaied, kinds of polien used, and per-
centage of nuls matured for cach method of pollination for cach

locality during each

Resuits when used {0 nollinaie indicated varietios

Payne Placentin Frannuette I San Jose Eurckn
Year and loeality
T 1
Pistils | Nuls | Pistils | Nois Pistils | Nuis | Pigils | Nuts PIsti_IsE Wuls
pobli- nw- | pe - mi- poili- - peli- um- polli o
nated 1 Lured | nebed | tared § noled | tured | nnted b tured | sated * lured
I ; X ;
1626: Nomber' Peroent INumber Poreent Nwrber] Pereent Numberl Perecit Nuwmbert Percent
Yentura... ..o .. .. L0 Lo 2301 Kie oo i .. .

1

POLLEN OF

FAVANESE WALNCT

Liaden. ...
jiTcH

PULLINATION

|
1020: 1
Linden...___.. ... bt ¢
Onkddale ...
Modesto.. . .
Sapt dose ..o Lo 485
w0 |
lLinden . __.._._..] L1180
(htkdale . . A
Muodesto__. -
Saeramento . 3,600
San Jose.o_ .. LB
g
Landen ... oo 225
Cnkedale - 2, 340
Apdesio. . . 1,10
Sacramento. . ., - S0
San Juse.- .. B I i1
Chive - ... . i, LD
19%3:
Linden. .. - ... 1, M3
Chkadnia, | 4 Lo
Madesia . . . A LS00
Waterford . . KRR
Saeramento, . Hal
Sandase ..o . (.11
Kinpg City - G
Yolooo o
pioeH
Linden .. _._ . | 1,000
Dakginie L Le
Modesto_ . R 500
Waterford .. ]
Saerniente. . ... =2, 06
Yuba Cily L ... 1, B}
Veolura, ..o ... 1,200
Bondose_ _ .. ] LEO0
San Feronidy - . [
King Cley_.. ... [ ...
1025
Linden.__........ | 13010
Oukddnle... 2,000
Madesto__ ... L0100
Wateelord. .. .. | 4,
Snergmento 1, %
Yiha Oy, IR
Yeolura.oow.. ... 50O
San Joso R 1]
Sup Fernando... ...

King Olyo. .o 4,000

T R, [

.. oL LT
O . 11,1
: Ay -

470
20

O a0
4%

L
o | 570
20
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TanLe 4.—Number and variety of pistils pollinated, kinds of pollen used, und per-
centage of nuls matured for each method of pollination for each localily during each
year—Continued

OPEN POLLINATION—Conlinned

Results when used tu pollinals Indicated vartelies

Payne Plucenti Franquetle Ban Jose Eurekn
Year and locality

Pistils | Nuls | Pistils | Nuts | Pistils | Nuts | Pistils | Nutg | Pisiis | Nuts
nolli- - polli- - podli- me- polli- mh- polli- hp-
noted | tured | naled | (ured | nated | tured | nated | tived | naled | tured

1926: | Ny mber| Percent\ N iwher| Pereent |Number| Percent |Wwmber] Percent | Number| Percent
Linden.eeeeeana.. 1 00 42 200 2 PO
Oekdale. _ S0 N 1 DU I
Wainrfotd. e .ao.of 2 . i [
Sncramento -. . . AP o
Yuha City....... 3, . . . -
Ventirm. ... . . .

Kinpg City.__.._..
10327 ? ¥
Linden.__..__....
Onkidale....... ...
Moddesto. _. .
\\’merl’orti..., R
Encramento
Yuba ity
Ventura. - ...
Snnta Poula_.
Sun Jose........ -

B25:
Yubn City.... ..
YVenlura_...... ..
1630
Linden....

Some of the nuts matured from various crosses were eracked and
axamined, Table 5 shows the percentage of good and of defective
nuts obtained in each case.

TanLe 5. —Comparison of propertion of good and defective nuls following self.
potfination, cross-pollination, and open pollinaltion gf cerfain walnul varieties

Nuts px-

amined Good nuts Defective nuts

Yenr Variety and pollination

MNuwmher | Number | Percent | Number| Pereent
G [£1] 100 0

Frannuetiexsell . _
FranguetteXSan Josc. ¢ g
Frunquer.te)(npnn pnlimnt . .

Snn Josexself. .

San JoseX Frang

Snn Jnseopen pl)lllnullnu
Frantuetloxself .
Franguelted Swn fose _ .
San Joseself .

{
;
18
1021 {ﬁnn Jose X Tlinds.
i
{

1040

w
opo
wr

1020

=

102}

=3

SEaoOaooooookoD
=

Paynexsell, .
1021 Pavne ~onen pnlhnnlmn .-
Paynexsell. . .
PayneX Concord
PayneX 1] \I(:lllp
PayneX Rarekil .
PavneX (Golden Nugger |
Payue «upvn prdlinathen
FurcknXself_...... .
Eurekn open pulllnulm

1022

cnomonaBasws

I=1t=1=4

=1

1624
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TabLE 3.—Comparison_of proportion of good and defective muls following self-
5orlmu{wn, cross-pollination, and open pollination of cerlein walnwt varielios—
ontinned

[ ' |
Year Variety and pallination : :rl#[;é[‘i C o nuls I Dalective nuts
| Number MNusaber Pf'rcem]"\frunbtr' Frreent
Paynedsell_. . ._ L T Falhl 2.9
Puyuex Coneord 14 Lah - 00 N 0
PayvneX E] Monte. . . 134 1345 100 0 a
Pu¥neXBorekn. __ ... . ... 19 19 100 0 0
1625 || Paynex Mayetie (Esrly Blooinin, 0 )} ). 9 ) 6.1
PayneXSag Jose. ... ... ... . 48 30 8.2 o] 15.8
PayneX Placentin. . _. . 41 a8 92 7 3 73
Pavnex Praepartariens. ... __ a1 211 100 { ]
\PryneXopen bollioation___ . . 470 353 5.1 117 24.9
Placentiu)(self ________ - - ] i3 ay 2 3
Placeniin i Payne... - 46 a8 82.6 8 17.4
1925 [ Elncentin X 3an Jose. - 75 W B¢ 12 15
Placentin X Wasson. _ 16 1% 75 4 25
Plpcontin } Willson . _ . 0G| 100 0 0
PlegeniiaXopen polli n 240 240 [ 100 1] a
Saota BorbaraXsell...... . 40 38 05 2 5
Sunta Barbarax Payne, .. bl W 1} 0
1825 |4 Santa BarbaraX Placentin. . 30 0l 100 0 Q
|Sente BarburaX Willson_.... . ... ... . 40 36 4 ta
I13antn BarbaraXapen pellination, .. ... 13 [ i ] 0 1]
PayoeXsell. .o oo Lo .. 120 g6 80 24 0
Paynex Concored .. . 145 45 | 100 Q ]
PaynexEnreba_.. ... . .. __....._.. .. 135 145 | 100 a 0
FryneX Mayette (Early Blooming). .. . 4% 4490 | 100 1] ]
1826 {PRYDEX SR JOSBaame . traee v ommamee o ooeaneonan 00 10t | 100 0 0
Payne ¥ Placentia... . .. . . 4 1| w0 ] i}
Paynex Praepurluriens i 21| 1w 0 0
Poyne, (Sugluns sieboldian up W oo 1 a
Payoei{open pollinition. 1, 167 1, 14 .0 43 5.4
Pavoeydsello. L. .. 176 140 7.5 ] N5
007 PayneidBan Jose. ... ... e 3 11 41.1 2] 5.0
“ | Payne<Banty Barbara. __ O, 20 5] ] n 35
Paype){open pollination. .. . 208 . | 82 45 I8
1928 Paynesgsell. ... . .. . ___... e & bt} 5 125 25
PaynexSants Barbara_ ... .. .. LK) 20Ky 0. 7 1) 3.3

HESULTS OF SELF-FOLLINATION AND CHROSS-POLLINATION

An ewamination of tables 1, 2, and 4 shows that in all varieties of
Persian walnut upon which experiments have been conducted there
1s no case of self-sterility or intersterility. Iach variety was found to
be markedly self-fertile, and all the varietics crossed were interfertile.
Furthermore, all the varieties that were pollinated by any of three
other species-——the Hinds walnut, the California black, and the
Japanese walnut—matured nuts.

A comparison of the results of open pollination, in the commercial
orchards in which the tests were made, with the selfings and crosses
suggests that any of the combinations will give o sufficient set of nuts
to produce normal commercial crops if other conditions are favorable.
So far as adeguate tests have been made, it must be concluded that
the grower, whether he is depending upon self-pollination or cross-
Eollin ntton, cannot ascribe crop failure to lack of netural compatibility

etween pistd and pollen.t

On the other hand, it may well be that certain combinations are
especially favorable to crop production. Thus the Payne pollinated
by El Monte and by Eurcke and the Placentia when selfed, gave high
percentages of set. A study of tables 1 and 4 will disclose other
examples. Table 3 shows that the Payne and Placentia are reason-

{Tn mnny eases where the percentage of set in table 1 s very lowsert-sbror example, in the Santn Anrhara

pistils pollinated by E1 Monle pollen, b will ba noted that the' num f pellinations invelved 15 too small
to be conclusive.
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ably consistent in this from year to year, although in some years the
set is low. The Payne gave heavier craps each year with Furcka, El
Monte, Placentia, and Japanese walnut pollens than with the Golden
Nugget, Pragparturiens, or Saata Barbara pollens. The Placentia
when selfed gave a relatively high set for cach of four years. It
appears that some varieties of pollen tend to give a better set than
others upon all varieties of pistils, with perhaps an occasional oxcep-
tton. A high set generally results from the application ol Eureka,
Mayette, and 3an Jose pollens. (See tables 1 and 4.) In the same
manner some pollens, such as those of Golden Nugget and Santa
Barbars, usuaily give alight set. Table 1 suggests also that the pistils
of certaln varieties tend fo set nuts hetter than others.

Concord and Placentia pistils pollinated by almost any variety of
pollen gave o high percentage of set. This may be one reason why
these varieties have been considered in general to he good bearvers.
The Payne does not as a rule set as high percentages as the Placentis,
but examination of the trees shows such a large number of pistillate
flowers, even on young trees, that the crop may be heavy when the
percentage of setis relatively low. So far as experiments have shown
the Santa Barbara pistils have given low percentages of set with
pollen of most varieties.®

Through further experimentation it may he possible to find combi-
nations of pistils and pollens that will grestly inerease commercial
yields, although, as will be seet later, other factors hesides degree of
compatibility will have to he taken into account in the interplanting
of vareties.

Itis » matter of importance to growers to know whether, in general,
cross-pollination is more effeciive than self-pollination. Table 1
shows no regularity in the results of selfings as compared with crosses.
The Concord when selfed gave a high percentage of set (51.8 percent),
but El Monte gave alow set (18.2 percent). The other varieties show
all gradations between these two. The very low set of Pride of
Venture (9.4 percent) and the very high set ol Mayette (65.7 percent)
must be questioned, because the number of pollinations was small and
in each case the experniment was conducted for one year only, A
high set is, however, more valuable as an indication of the degree of
compatibility of pistil and pollen than 1 low set, hecause when the
set 15 low many factors besides pollination may have affected the
results by causing the nuts to drop ov to fall to develop. T in general
the cross-pollinations resulted in o larger set of nuts than the self-
ings, it would seem that the fact would become apparent from the
datn in table 2, but there it 15 seen that in some cases the crosses and
in others the sellings gave the better set, while the two for the most
part ran close enough together to make the practical results about
the same. The dataIn table 5 suggest that the percentage of deleetive
nuts may be higher in the selfings than in the crosses. There are
striking exceptions, and Turther experimentation is necessary belore
conclusions can be drawn.

It will be noticed that most varietics when selled gave sets that
compare [avorably with the crosses and would undoubtedly give o
commercial crop under conditions avorable to pollinntion and crop
production.

8 Beeanse the Bnatn Barbare growp inchides many types of trees, pollen for selfing was taken {rom the
smne Lree.
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There 1s no doubt that some seasons are more favorsbie to crop
production than others. Thus the set of Iayne in 1927 (table 3)
pollinated by nine varieties was in all but one casc higher than the
set of Payne by the same pollens in 1925, Tt will be noted however,
that the open pollinations show the opposwe results. This was due
to the [act that conditions in 1925 were somewhat more favorable
for natural pollination than in 1027,

Table 4 gives some opportunity to compare the hehavior of varie-
ties In vanous locnlities and seasons. It is necessarily incomplete,
since all the varieties nre not grown in each district and could not be
reached in every season. Table 4 shows that the varieties and species
tested were interlertile and seli-fertile in sl districts and seasons and
that no case of incompatibility was recorded. This table will he
found convenient for growers who wish to study the behavior of
varietics in their own localities.

In drawing conclusions from the tables il must be remembered
that po]hnutlon 1s only one of the lactors altecting the setting and
development of walnuts. Whenever the effects ol {rost, bllght or
insects were known to interfere, the results were thrown out; but
such lactors as these, operating in lesser degree, undoubtedly eaused
the results to vary somm\lmt rom year to vear. The age of the tree
and the amount of moisture in the soil no doubt aflect the results,
as do fogs, rains, winds, heat, and cold, during the blooming per iod.
The v mlnhtv of the pnilon and the condition of the pistil w fien polli-
nated are also factors (p. 42). A parthenogenetic set found to
acenr at times under conditions not lully anelyzed as yet (p. 49) may
alfeet the results slightly.  For all these reasons the tables must be
interpreted rather loosely and the results regarded =as indicative
rather than conclusive. The larger the number of pollinations,
localities, and sensons, the more dependable the vesulta. It can be
sald with certainty, howoever, that all varieties tested are both self-
fertile and interfertile, aned that failure of the nuts to set or mature
s not due to incompatibility of pistil and pollen, but results lvom other
CAUSES,

DICHOGAMY

BLOOMING HABRET WITH RELATION 1O DICHOUAMY

Although urtificinl pollination has eatablished the fact that the
varietios of Persian walnul usunily grown in Californian are sell-fertile
and interfertile, it is obvious that il a variety is to pollinate itself the
eatking must produee pollen at the time the pistils are receptive,
Likewise, for interpollination the staminate bloom of ane wariety
must produce pollen ut the time the pistillate bloom of the other
variety is rendy to receive it,  In artificial pollination under Invorable
conditions the pollen may be earried long distances, but tn the orchard
poellen and pistil must be ready in the same place at the same time,
When there 15 no overlapping of the periods of maturity of pistil and
pollen, the plant (or variety) is suid to be dichngamous and cannot
poellinate itsell, no matter how compatible piatil and pollen might
otherwise he. When dichozamy is not guite complete, the over-
lapping may still be so siyght us to give ditte opportunity lor pollina-
tion to occur.  The form of dichegamy in which the pstils precede
the stuniens in development = called protogyay. That form of dichog-
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amy in which the development of the stamens precedes that of the
pistils is known as protandry.

[t has long been known that many monoecious plants are dichoga-
mous. Dichogamy, as existing in the {amily of plants to which the

walnut helongs (Juglandae mc), was probably first mentioned by
Delpmo (5). Accor ding to Kerner (7, 1895 ed.) all monoecious plants,
especinlly alders, hnches, walnuts, planes, elms, oaks, hazels, and
beeclies, are mm!\edlv protowwmus On the other hand in 2 paper
vead heflore the Californin State Fortieultural Society in 1883 Jessup®
called attention to the protandrous character of certain Perstan wal~
nut trees he had ohserved during 1878, 1879, and 1880. Lelong
{7, p. &Y wrote of protundry in the walnut as follows:

The male flowers, or stauninate catking, arce the first to appear, and come out
generally together with the first growth of the tree, although In many instances
ihey appear before the trees put forth, but about the time they bepgin to show
signs of growth. The lemale blossoms, or pistillates, appear mueh later, from
one to three weeks intervening.

AJ]en (2, p. 21 wrote that among the faults of the English walnut is
the “nregular and unequal bBlooming habit of its pistillate and
staminate blossoms, and the consequent failure of the former to he
fertibzed and to de\'elop nuts; ¥ * * ¥ e informs us further
that pistillate and staminate flowers mature at the same time in the
best varieties, insuring fertilization and productivity. Lake (8, p.
76-78) made the following statements in regurd to pollination:

Before deeiding what varicties to plant, ample pollination must he assured, as
atherwise generous crops cannot be produced. #  # % Not infrequently these
two kinds of Dlossoins (stwiminate and (dstillate) do not mature at the same time
upen the same tree, or one or the ather of them is infertile becanse of imperfect
development. * ¥ % Jn some instances of shy bearing it may be desirable to
introduce a variety rieh in pollen, regardiess of the character of ifts nuts, in order
to amply fertilize the hlossoms of the mmore valuable varieties. + * *  [Intil
ample investigalion has bean ruade it is safe to plant only varieties of known value
as pellinizers, leaving the work of festing varicties not so well known to the State
or Nualion, excepd as the enthusiastic amateur finds it advantageous to make trials
of promisivy new varietics.

Thus it will be seen that such oshservations and comments as have
been made are general in natore and appear contradictory as to the
type of dickogamy. There has been no compilation of data to show
which varieties, if any, ave subject to complete dichogamy or to in-
complete dichogamy sufficient in degree to prevent a commercial set
of nuts, or to determine the extent to which protogyny or protandry
oceir, or to establish a basis for the selection of varieties to be inter-
planted for pollination purposes. If any varieties are dichogamous to
any considerable extent, obviously they should not be planted in solid
blocks, but should be interplanted with other wvarieties in such
arrangements as will best provide for cross-poilination. Accordingly,
a study has been made of the blooming habits of 17 varieties of
Persinn walnut, with special reference to dichogamy. Observations
were made for each variety in as many districts and seasons as practi-
cable over a period of 10 years {1920 to 1929) and over & geographical
area possessing the main types of California climate in which walnuts
are grown. The results of these observations and studies are pre-

§ Jesgre, WAV, Paper vead before the Californin State Horvicaleural Society, Apr. 27, 1583,

182781 °--34——4




26 TECHNICAL BULLETIN 387, U.5. PRPT. OF AGRICULTURE

sented graphically in figures 7 and 8. The lines do not indicate the
behavior of a single tree or orchard, but represent the average of all
the orchards of the given variety that could be visited in the locality
named. About 200 avernges of dichogamy records for warious
districts were made, exclusive of those taken in years when frost or
rain made the studies incomplete by destroying pistils or staminate
catlins,

In general it was found that none of the varicties was completely
dichogamous at all times and under all circumstances, bui all except
four (in which the total number of vecords do not exceed five in any
ense and for which, therefore, the evidence cannot be taken as con-
clusive) were either completely or practicaily dichogamous in some
seasons and plares, Thirty-four records cut of 200 show that sell polli-
nation would have been impossible with anygiven variety. The dotted
areas between the lines indicate the presence of a few seattered pistils
{or staminate catkins) in maturity and sre given as a matter of
botanical rather than of practical interest. In several cases the last
of the catkins ceased to shed pollen as many as five davs belore the
first of the pistils was receptive, ¢.g., Boreka at Santa Susana in 1929
and Franquelte at Waterford in 1928,

Turthermore, there are 7 records showing eflective overlap during
1 day only, 14 showing an overlap of 2 days only, and 17 an overlap of
3 daysonly. An overlap of only 1 day means little in & practical way,
but anv appreciable number of receptive stiginns (or of catkins
shedding pollen when the variety was protogynous in tendency) was
considered of sufficient hotanical importance to bhe recorded. A
2-day or 3-day overlap is morve important, but hardly allows time for
the pistils te become receptive In large nwmbers belore the polien is
gone (or vice versn). The efficacy of 2 or 3 days of overlapping bloom
depends largely upon the weather, as affecting both the rate of bloom
and the distribubion of pollen. In mest cases, however, where the
overlap is so slight it will he noticed that by far the greater number of
the pistils must go unpollinated. It will appear that on all these
oecasions the chance for adequale sell-pollination in orchards of &
singie variety was very slight. In other words, in 78 out of 2G0 ve-
corded averages cross-pollination would be required for reasonable
commercigl sceurity because of the dichogamous tendencies of this
species of walnut. In individual orchards the hazard muay be still
greater, because there is often a difference of several days in biooming
dates in a given district, traceable to such influences as nge of trees,
ceneral conditions ol the orchards, or exposure.

DICHOGAMOUS TENDENCIES AS EXHIBITED IN VARIETIES

1t seems probable that variations in the extent and character of
the dichogamous tendencies in the walnut depend, at least to some
extent, upon variety. In the Concord, Eureka, Golden Nugget,
Franquette, Mayettes (Early Blooming and Grenoble),” San Jose,
XXX Mayette, Payne, and Praeparturiens, the period of staminnte
bloom began earlier than that of the pistillate bloom in all the cases
studied. Yhile these varieties may be considered protandrons in
tendency, they differed in the degree of protandry (fig. 7). The
Franguette, San Jose, Payne, and Eureka were especially protandrous

7 For n brief deseription of these varledies, see List of Varietles, . 50
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in that the catkins developed regularly far ahead of the pistils, and
quantities of the pistils bloomed after all the catkins were goro. In
these four varieties practically complete dichogamy was relatively
frequent. In 9 out of 22 studies of the Eureka there was nc eflective
overlapping of the staminate and pistillate bloom, and in 17 the
overlapping was 3 days or less and could bardly be ellective from
a commereial standpoint,  Similarly in 26 studies of the Franquette,
15 cases showed conditions unsatisfactory for self-poliination.

Another group of varieties was sometimes protandrous and some-
times protogynous, with protandry apparently predominating,
These included El Monte, Willson, and Kaghazi. The Grove and
Parisicnne were protandrous when they produced eatkins (fig. 7).

A third group was predominantly protogynous in tendency, but
not always so. The varieties most studied in this group were the
Placentin and Santa Barbara. In 11 of the 14 studies of the Placen-
tia, the pistils came out first and the catkins first in 3. In 13 out of
20 studies of the Sunta Barbara, the pistillate lowers came out first, and
in 7 the staminate flowers first.  The available evidence suggests that
Pride of Ventura, Ehrhardt, Meylan, Lueretia, and Santa Rosa are
protogynous in tendeney, but positive conelusious should not be drawn
1n regard to these five varieties until further data are obtatned.

It will be seen Irom figures 7 and 8, that the varicties in the second
and third groups are much more satisfactory ns sell-pollinizers than
those in the first. ‘The Placentia, for example, is much more hkely
to produce crops when planted alone than is the Franquette. The
Franquette, because of its many excellent qualitics, has been planted
extensively in central California, but when planted in solid blocks it
has not been successful and has caused much loss because of shy
bearing. Orchards of the variety have been removed hecause of
repeated light erops.  As it bappens, the protogynous varieties are
arown largely in (istriets in which the climute increases the tendency
toward protogyny, while some of the protandrous varieties are grown
almost exclusively where the climate tends to increase protandry
(p. 33). Where there was opportunity for observation it was
found that varieties having protogynous tendencies were likely to
pollinate themselves well in districts tn which the influence of the cli-
mate was toward protandry. In some cases the influence of the
climate and season upon protogynous varicties caused the catkins to
begin to bloom first, but in such cnses they were not as far in advance
of the pistils as were the catkins of the protundrous varieties in the
same localities and seuson.

RELATION OF AGE OF TREE TO DICHOGAMY

Young trees of all varieties, whether protandrous or protogynous in
tendency, are much more subject to dichogamy than are old trees.
This fact does not affect the data in figures 7 and 8, except in a few
cases where the average aze of the trees studied was low enough to be
significant. In such cases the fact is noted in the figures.  In figure 9
nie illustvated the differences in the overlapping of the staminate and
pistillats bloom in trees of different ages growing under practically
identical conditions. The orchards were close together and similarly
situnted, thus affording fuvorable opportunily for comparison. It
was not always possible to get the exact age of old trees, but those
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marked '‘old trees” were at least 30 years old, and the “youn

trees” were less than 15 years of age. There is no doubt that in al
varieties of walnuts the dichogamous tendency decreases with age,
but in none of the trees studied had the tendency disappeared,
although some were over 50 years old. No grower can afford to wait
for his trees to pollinate themselves if they do not do so at the age
of 10 or 12 years.

COMFPARATIVE BLOOMING DATES OF VARIETIES

. One of the inherent tendencies of walnut varietics that manifests
itself tn all climates and seasons is the relative time of hloom. Thus,

Frovne o--Afayerte walnol treg in the foresround; Eureksn trees 1o the bagkpround, Al the (ime tho
piclitre was Laken the Evreka trees hiad ceased 1o stied pollen.  When the Mayelte trees developed enlk ns
the Lurckn pistils were pust the recedtive Stage, Lherefore there wus no tnterpollination bolween tho
Euraka (uny intermedinte blootter) ud the Mayette (o {ute bloomer). I 5ome sensons, howaver, there {5
w vonsiderable exeliange of pollen between these Lwo voriethes,

some varieties tend to bloom earlier than others under the same
conditions (figs, 10 and 11). An examination of figures 7 and 8§ will
malke it clear that for any given distriet certain varictics are com-
paratively late bloomers, whereuas others are early bloomers.  Another
group consists of intermediate bloomers, which lap over somewhaut
inte the blooming period of cither the early or the Iate blopmers,
The period of bloom of the intermediate varicties is usually closer top
that of the eanly bloomers than to that of the late bloemers.  Table ¢
gives this grouping n a form convenient for relerence.




THE PERSBIAN WALNTUT IN CALIFURNIA
INFLUENCE OF SEASON ON BLOOMING DATES

Although varieties nre reasonably consistent in their Hime of bloom
in relation to one another, the date of bloom, length of blooming
period, and blooming habit are greatly affected from year to year by
the variations in the seasons. The dates on which a variety may

e e = e i,

Freren 10 Hhnnng balat of theee vancoes of walnit trees: L1, Mevian, upon wloeh o fow buds are
fepinnice o oopen; B Koecka, witiel is just fimshiog i pollen-shoddine porio]; in the Baekarogmi,
Fuvne, whieh cowsedd to shed pollon before (e urekn bree besan o bloom.  The hie pistils on the
Fayue received some pollen froin the Eureka, noed g few deys after this plettre was taken the lnle Eurckn
prrhls received some prllen foon the eacly Aey e entkius,  “The Meykin pistils reeeived oo ol lon from
the Earekn, and the Eureks recorvedd none frmn the Mayae, owime to Uw protamdepus Dlounine lalat
of the aheee varietes il Che seasait. CAJE Te brees gre of Lhe sme avp )

bloany in a given distriet may differ by a month or more.  Similarly,
the length of the hlooming period may vary feom o few days to two
and one hall months.  The rate of blooming sy be very slow, a fow
new blossons maturing each day, or it may be mpid, many blossoms
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developing at the same time. Continuous cold weather in late winter
and early spring delays blooming; continuous warm weather hasfens
it. Any warm sunny spell immediately preceding or oceurring
during the normal hlooming period of a variety will start the bloom,
its rapidity and length depending on the degree and duration of
the warm weather. 1l the contrast is sharp between the warm spell
and the weather that preceded it, blooming is sudden and rupid. A
cold spell during the blooming period retards and protracts it. A
comparative study of the seasons of 1922 and 1924 will serve io
illustrate these points. (See figs. 7 and 9.)

Tasie §.— Early, tutermediate, and late-blogwming walruly |

Wossnrn,

Farly Bloaming . intermodinte blomning . Late Bloorning
. i _
1
El Monte, I Concord. Franpouelis.
Ehehardi, Eureki. Frosiiphier,
Colden Nugget. i dapnnese. . Snn Jose,
Qrove. Soine strains of Binds. © XXX Marvelle.
Kaghazi. Bijou 'vpe. D AMeviag,
Lueretia.? ! Willson 3
Marette {Early Blooming). ! Atuverte trenotie).
Payne. 1 Parisienne.
Pincentia, : Bome sirains of Hinds.
Fraeparturiens. !
Pride of Ventura, |
Fanls Barbarn sofu-shall ty s i |
“unta Hes. ! i
i !

! For further information on ilwese varielies, see List of Vareties, . &6,
7 Digta collected for 2 vears only.
3 Int some sections Willsen 15 une of the enrliest bivaners in this grong.

It will be noted that the Payne at Linden, the Golden Nugget,
El Monte, and Santa Barbara at Modesto, and the Payne, Kaghazi,
and Praeparturiens at Qakdale all hloomed from 20 to 30 days later
in 1922 than in 1924. (See fig. 7.3 The Franquette at Linden,
which bloomed at more nearly corresponding dates in 1922 and 1924,
furnished the only exception among the cases where information is
available for comparing the beliavior of varieties in those 2 years.
The United States Weather Bureau reports (72) for 1922 read in part
as follows:

Abnormally eold weatver prevailed throughoot California in January., ¥ % #
It was the coldest February in 11 years. * * % Abnonmnaily cold weather
prevailed during the preater part of Alareh. The average temperaiure of the
State was more than 3° below normal. * % * The temperature and pre-
eipitation were both below normal during April. ¥ # % Cold and cloudy
weather prevailed during the first hnlf of the month; the latfer half of the month
was somewhat warmer.

The nearest place to the walnut-growing section mentioned {that
of Linden, Modesto, and Oakdale) at which weather records are kept
is Stockton. A study of the records shows that this general descrip-
tion of California weather for 1922 was applicable there except that
a very short warm period occurred during the first week of April.
This was followed by cold and then by a second warm period at the
end of April.  In tlus cold season the blooming of the early varieties
was delayed. The behavior of the Franquette now becomes intelli-
gible. It is a late-blooming wvariety, snd the warm weather beran
close to its normal bLlooming time with the result that its bloom-
ng period was not delayed.
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On the other hand, in 1924 the opposite condition prevailed, To
quote {rom the reports of the Weather Bureau (12):

Tn February the temperature averaged wel ahove normal.  Cousidering the
entire State, it was fhe wartest Febroary sinee 1907, The latfer part of the
month was especially warm. * % % The first hall of the mounth jAlarch]
was unusnally weem and dry, but the sceond half was cold. * % ¥ [[n April]
temperatures averaged slightly above normal. Toey were considerably above
normal at many places in the northern part of the State. + * *

This description was found to be applicable to the weather at Stock-
ton in that season. Thus, in 1924 abnormally warm weather in
Rebruary and March brought out the bloom of the early varieties
ahout a month sooner than in 1922, A cold spell at the end of March
protracted the biooming and checked its rate, so that the total period
of bleom of pistils and catkins was longer in 1924 than in 1922,

All seasons are not so casity compared ag these two rather striking
examples, but it will be found that during each year varying sucees-
sions of wenther, combined with the natural tendency of the variety,
serve to fix the date of bloom at one point or another within n» peried
of 5 or 6 weeks.

It will be noted in the figures that in general early-blooming vari-
aties vary more in length and date of bloom than late ones. This
is probably hecause of the fact that in early spring when the early
varieties tend to bloom the weather is more changeable than later on.

INFLUENCE OF CLIMATE ON BLOOMING DATES

While all the districls in California in which walnuts are grown
possess what is generally termed n mild climate, they vary consider-
ably in the type of climate. The districts may he cinssified for con-
vepience »s constal and intertor.  The former have a elimate charac-
torized Iy mild winters, cool summets, and on the whole a humid
atmosphere with {requent fogs. The temperature ranges between
winter and summer are less on the coast than in the intevior, the win-
ters being milder and the springs and summers cooler.  On the coast
the mildness of winter inereases toward the south.  According to the
Weather Burenu, the constal aren extending from Los Angeles to
San Diego has the most equable climate in the United States. Of the
districts tn which stucies weve made (figs. 7, 8, and 12) the {ollowing
may be classified as coustal, beginning at the south and going north:
Arcas near San [iego, San Juan Capistrane, Santa Ana, Los Angeles,
Oxnard, Venturs, Santa Barbars, San Luis Obispo, Paso Robles,
King City, and San Jose.

In eontrast with that of the coast, the climate of the interior valleys
of Califormia is charncterized by comparatively cold winters, warm
springs, and bol summers. Subshire is abundant, and bot drying
winds may eceur during spring and summer.  This type of climate
prevails at Red Blufl, Chico, Orland, and Riverside,

There are all gradations between the typically interior and typieally
coastal climates. The topography may allow cosstal influences to
extend inlnnd to a greater ot less degree, depending on the distance of
2 locality from the ocean, height and number of méervening hills or
mountain ranges, and the direction and velocity of the wind. Like-
wise, coastal districts may be protecied by leatures of topography in
such & way that the climute is modified.  Modesto, Stockion, Linden,
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Sacramento, Davis, Waterford, and San Fernando maxy be considered
as interior disiriets receiving coastal influences in various degrees.
San Jose, King City, Paso Robles, Fillmore, Moorpark, and localities
Iying just east of Los Angeles, also some of the valleys in Sen Diego
County are coastal districts more or less protected (fig. 12). In

iy 11 (53 LH] o [} ug oy uf HE L1
I l I T 1 | i | ! I
7 I 1 RED BLUFF 18 GOLETA —4
2 LOS MOLINDS 1S SANTA BARDAAA
3 BIGGS 20 SANTA PAULA
4 ARDUCKLE 21 VENTURA
3 WOODLAND 22 CAMERILLO
b & DAVIS 23 OXNAAD — &
7 SAGRAMERTO 24 SOMIS
& DRENTWOOD 2% SATICOY
3 LINDEN 26 LO5 ANGELES
ia sTOEKTON 27 JAVINE
P 1l RIVERBANK 28 SAN DIEROD —{
i2 OAKDALE 25 ESCONDIDC
13 MODESTO 30 SAN FERMANDO
14 SAM JOSE 31 RIYERSIDE
I WATERFOQRD 32 EL MONTE
o b— 1§ KNG CITY 33 SANTA SUSANA —33
17 PASC RUBLES 34 FILLMORE

35 SAN JUAN CAPISTRANG

I8
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35
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Fan GLEE

29
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T1aURE 12.—Map showing locailities of the Cnl!!‘om(lia walnut-growing disiriets whers most of the work
was done,

many cases the line of demarcation is so narrow as to make classifica-
tion difficult.

In California a difference in latitude does not result in the degree of
variation in climate that might be expected. Instead of running east
and west, as in most other parts of the United States, isothermal lines
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runt north and south. A slight difference in location in an easterly and
westerly direction is reflected appreciably in the clim ate, while a mueh
greater difference in a northerly and southerly direction is hardly
noticeable. Red Bluff in the north of the State and Riverside in the
south, both of which are in the interior, have climates that are similar,
although the difference in latitude of the two places is equivalent to
400 miles (fig. 12). On the coast the climate varies with the latitude
to a greater degree than in the interior valleys, although the variation
Is slight. Farther north the winters are somewhat more severe,

The infiuence of the various climates upon the blooming habit of the
walnut is marked. The varieties bloom earlier and for o shorter period
in the interior than on the coast. Figures 7 and § show that the
Franquette and other late varieties bloomed in the San Joaquin and
Sacramento Valleys in the latter part of April and in May at the same
time that such early varieties s the Placentia, Bl Monte, and Santa
Barbara were in bloom at Ventura and in other southern coastal dis-
tricts. As the Franquette seldom blooms at Ventura enrlier than
July, the nuts do not have time to develop and mature properly.
For this reason late-blooming varietics are not successful in southern
constal scetions, Early varieties bloom there as late as is desirable,
On the other hand, late varieties are suitable for the intorior valleys,
where early varieties are apt to be injured by spring frosts. At
Ventura winters are usually so mild that walnut trees frequently do
not pass through a normal dormant period, or, at least, the poriod of
complete dormancy is very short. The winters are usually followed
hy naild cool springs.  In such 2 climate a protracted blooming period
is the rule. At San Jose, which Hes in a latitude approximately 200
miles north of Ventura and is slightly more protected from ocean
winds, the climate is colder in winter, and there is a greater difference
between winter and spring.’

Temperature tables of the Weather Bureau show that Santa Bar.
bara, a few miles north of Ventura # is warmer in January, February,
and March than is San Jose, but that San Jose is warnier than Santa
Barbara in May and June and usually in April. At San Jose the
comparatively warm springs following cold weather make the bloom.
Ing period earlier and shorter than on the southern coast. Conse-
quently, the Franqguette, San Jose, and other late-blooming varicties
can be grown there successfully.  Barly varicties at San Jose are
subject to frost injury during blooming time, although not so much
so_as in the Interior. In the interior valleys the winters are still
colder, but the springs are comparatively warmer. Dormancy is
iarked, and the varieties in geners! bloom earlier, more rapidly, and
for a shorter period.

EFFECT OF GLIMATE, SEASON, AND WEATHER ON DICHOGAMY

Chmate, season, and weather have a pronounced coffect upon the
length of the overlup in blooming of the pistillate and staminate
Howers., For some reason the hatter seem to respond more quickly

P ACCITTING 10 WRALIN Frporls enverinn n lone xerios of vours, (he dverire dilference it winter Lemjora -
dares i Sanla Barbara and san Fose is 5° ahd the average dilferencs i spring temperatures is 19, [H
averaee ditfference hobween witiler atnd <primg reroperaiures it Santn Barbers is only 3° pdd ot San Fosg 70,

* Woather records ol Sant Bachuara nee mentioned here anid are ineluded o the tahlos boeause i s oue
of the oedrest Dintod to Vonlurn at which (iovernment weathier records nre kepl,  No soch records nee
availzble ior Ventura,
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to sudden periods of warm weather than do the former. The contrast
between their behavior is greater when the change of weather is
sudden than when it is gradual. During a warm period following &
cold winter there is o tendency for growth to be rapid in o parts of
the tree, but the effect of such a change is especially marked upon the
staminate flowers. When the warm weather continues for a number
of days the staminate flowers may develop so much faster than the
pistillate Alowers that, in varieties having protandrons tendencies, the
blooming of the former may be entirely over before that of the latter
has begun, ie., dichogamy may be complete. Warm weather fol-
lowing «nld incresses protandry and modifies protogyny. When,
after a warm winter, the weather during the blooming season is cool,
protogynous tendencies in the varicties are accentuated, and pro-
tandrous tendencies are modified.

So great may be the effect of weather and climate that a variety
in which the tendency on the whole is pretogynous may appear at
some places and in some seasons to be protandrous (fig. 13}, and in
the same way a variety that is protandrous may appear on occasion
to be protogynous.

To illustrate, the Santa Barbara group, which is protogynous at
Ventura, was slightly protandrous at Modesto in 1922. The trees
bloomed later than usual on account of the coldness of the season.
The staminate flowers came out quickly after a brief warm period in
early April, the preceding weather having been consistently cold.
The Willson variety noermally blooms later than the Santa Barbars
and appears protandrous in most cases. In 1922 at Modesto the
‘Willson catkins had not yet come ouf in response to the first warm
weather when a cool period ensued. During this cocl interval the
Willson pistils began o bloom at about their normal time, making
that varlety appear protogynous. In a second warm period, during
which the daily temperatures were high, the Willson catkins bloomed
so rapidly as to complete their bloom six days before the last of the
pistils appeared. Thus, the Willson seemed protogynous at the
beginning of the season and protandrous at the end, as a result of
weather conditions. The Placentia catkins preceded the pistils at
Linden in 1927, at places east of Fillmor- in 1928, and at King City i
1928. When charts show the Placentia and Santa Barbara catkins
coming before the pistils, it is in districts where the coastal climate is
modified or the climate verges cn the inferior type. At Modesto the
F1 Monte pistils came out in advance of the catkins in 1923, 1924,
and 1927, but otherwise the variety appeared protandrous. Many
examples of both types of variation could be cited. Groups of
Eureka, Franguette, Concord, and Payne trees were found to exhibit
protogynous tendencies in coustal distriets in some seasons. These
are not shown because the records were incomplete in one way or
another. These varieties are not grown to any extent in southern
coastal districts, and it is difficult to obtuin comprehensive data
regarding their behavior there. The same difficulty was experienced
with protogynous varieties not coramonly grown in the interior.

As heretofore stated, = slight change in loeation in an easterly or
westerly direction often results in an appreciable change in climate.
These changes affect the blooming dates and the character of the
dichogamy m walnut varieties. Records taken in 1928 show the
extent to which this is true. Table 7 is & summary of observations
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1

FiaeRre 13, -Typical twigs of Flacentn walngt, ilusteating three marked varintions in the tvpros of Jipiog-
amy i a vaviely, due to slimare. A, Twig from an erchond news Slon, Hustrating watumlry. 'he
slaminate Jowors Sﬂ) are Beginning 1o shed polien, and the flizoe bl (8 s fist swelling.  Tefore the
Ristils are prodiced termineliy on the shaot which will spring from thie hug () the catking will he pone.
B, Twig fram Plcentia tree near Filimore (where the elimnte is somewbal moro coustal 1o sifept than
al imi), showing catking (o) shedding polien ol the same time he plsiils {r) are receptive. Mhe
Placentia wuriely In Lhis orelard pollinated Wself salistscrorily during the seasan. ¢ Twiy frawe an
orchard near Ventnrn (whiel pnssesses o distinetly eonsta] olimaies, showing protoryny,  The mstils
(c} hanve boen reernative for o considernble (iine. The eatkins (i1 are colarging, I!iaut the pistils will be puest

receptiveness before any pollen [sshed,  The clinats noed weather conditions which brougbt about these
varintfons in the Jocalities mentioned wers tawrked during 1525,
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on the Santa Barbara soft-shell type. Tt was found that the places
named could be listed under four headings, giving the approximate
degree of bloom and development of foliage during the fivst six days
of May. Variations in blooming dates ol catkins, pistils, and in
foliage development were found to occur especially {from west to east.
It will be noted that the Santa Barbara pistils were in advance of the
catkins at Ventura and other places listed under stage 1 and that the
catkins were in advance ol the pistils at Riverside and other places
listed under stage 4. Temperature records are not avaitable [or many
of these localities, but, in general, the climate in the first group is
coastal, in the [ourth it is interior, and in the second and third 1t is
intermediate between the two extremes. Where weather records are
available they show that the season of 1928 was unusually cool. Fogs
and cold winds were prevalent on the coast. The contrast between
the localities mentioned under the various stages in the table is not
as marled in all seasons as was the ease in 1928, and consequently
there may be less variation in the bloom in some segsons.

TABLE T.—Approzimate stage of develnprient of regetative growth and of pialils
and catking of Sanin Barbura walnuts in rartous locelities in Calijornie during
the first <ix doys of May. 12481

. g | Ftage A, plstils aned ska- !
5‘:5‘:_ LCP’SPISHT\_‘,‘I‘_::!"]D‘_E b Ruawe 2, pistils ghghtiy | mens blooming nearly |
th 1?"10 101-[‘(31'111l ol - preceding eulkins; 5 together; follage all !
. perce percent of folinge o ] started nnd sy of it -
age ont well ot i

_*

Btoge 4, eatking in ad-
vanee of pistils, buot
averiupying t Somne ox-
tent

Yenlars sl 4 miles in- i Saticoy th Santa Pauka, | San Juar, Capistrng © Banning.

lnnd. i Liseondida. istrigd, east of hills, © Riverside.
Oxnord amd 4 miles in- o Tevioe Tuente. ! Sun Fernando,
fapd. © Hineon, El Aonie. + Chino.
Sante Aua to the geenp, . Anahehn. Wulnut. |
Const of Sat Diows Courn- | Drehierd= enst of Goleta. | 81nla Husnnn.
Ly, D fan Juan Capisttann | CHendale,
Sanin Doarburs. 1 district, near (he coast. | Burbank.
Carpinterin ¢ Fillmare.
Croteli. Maonrpurk.
san Jose,
(ilray. f

+ Practically the same tlats were ohtaines with the Placontia vorfety. For location of these places, see
figure 1%,

RELATION OF BLOOMING HABIT TQ IMCHOGAMY

A certain amount of foliage always forms before the pistil hecomes
visible (fig. 13). The foliage continues to grow rapidly during the time
of carly pistil entargement. The manner in which pistillate and
staminate flowers are barne appears to have a relation to the way n
whicli they respond to climatic inlluences. The dormant catkin buds
spring into growth suddenly when warm weather comes, and if it
continues the eatking mature rapidly and are soon gone. Time is
needed Jor the development of the pistitlate flowers, beeause ol the
amount of growth that must take place before the pistils reach the
recoptive stage.  When the weather becomes warm suddenly, as it
frequently does in the interior valleys, the blooming ol the eatkins
may he over belore the pistils have tune to mature; on the other hand,
the foliage buds may starf with a slight wirming up in the spring and
continue to grow oven though the weather is comparatively cool.
Tn o ¢limate such as generally prevails along (he coast the pistillate
flowers may dovelop Tully while the eatlins are awaiting weather
warm enouzh to stimntate them into growth.
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The relative amount of heat necessary to slart pistillate and stam-
mate flowers into bloom appears to be o varietal characteristic,

EFFECT OF TEMPERATLURE ON BLOOMING AND DICHOGAMY

A certam amount of warmth and sunshine is necessary to bring
walnuts into bloom. When temperature charts were studied it was
found that the mean or minimun temperatures had less relation to
date of bloom thao uiight be expected. A relation hetween maximum
daily temperate: nd date of bloom was apparent, but not en firely
regular.  No delmite heat constant could be established for the maxi-
mum daily temperatures that would be sufficient in sl cases (0 bring
about the blooming of a variety, In Germany, observations on the
effect of heat and sunshine on the time of blooming of many plants
were mude by Kerner (6) aver a long period. e emphasizes the
Impnrtance of sun rather than shade temperatures in detornining (he
amount of heat necessary to bring about flowering.  As sun-tempera-
ture records are not available in Californin, n critieal study of the
relation of sun temperatures to development of flowers of walnuts
wis not made. Such temperature studies as were made indicated no
definite relation hetween total heat units and time of blossoming in
the different varieties.

The striking fact derived [rom these temperature studies is that
the tomperature records as commonly kept are less valuable in indieat-
ing the date and length of bloom than might he expocted, and that
=unlight may have a marked influence on date and longth of bloom.
Conversely, the importanee of fogs and clouds is very great, Tempera-
ture, sunhbight, fogs, winds, and atmospherie moisture all alfeet the

blooming period of the walnut, It ix also poseible that lack of complete
winter dormaney may retard blossoming 10 the constal districts having
relatively high winter temperatures. Though it muy be. possible ot
some future time to express the eflects of all (hese agencies in torms
ol temperature units, it Is not now possible to do <o with Uie inlorna-
tion available,

RELATION (F LONG AND SHORT PERIODS OF BLOOM TO POLLINATION AND
DICHOGAMY

it has been shown that overlapping of blooming of stamens and
piatils is an important consideration lor sell-pollination, and that con-
ditions which bring ahout rapikl bloaming mayv result in a degree of
dichogamy suflicient {e prevent adequale pollination. On flivst con-
sideration it would seem that the mare protracted the blooming senson,
and more particuludy the longer the everlupping of the bloom of the
two Lypes of inflorescence, the hetter the chance for sel-pollination, but
this s not neeessarily the rase.  The conditions that cause a very long
Blooniing season are often sueh as to preveat pollination from (aking
place.  For example, the season at Ventura for 1028 was exceedingly
protracted.  Figure 7 shows that the blooming season of the Placentiu
that vear was fonger than for any other year indicated, although the
distriet generally has long blooming seasons.  The period ol adequate
overlapping bloom lasted 19 days, yet the Placentin erop thal yoar in
the distriet was Bght.  Figure 7 shows that the Placentia stigmas were
receptive for 24 days before any catkins hegan to shed pollen, and for
1§ days more only a few catkins were produced. Thus, [or 42 davs the
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stigmas were not pollinated to any extent. From Msay 11 to 30,
inclusive, the eatkins were shedding pollen, and the stigmas were recep-
tive in sufficient numbers to account {or a conunercial erop il other
conditions had been {avorable, but this was not the case. The period
was one of cold and foggy weather. Much of the pollen that was shed
from the anthers was injured by being soaked with moisture from fogs.
On many days fogs in the forenoon were lollowed by such cold winds
in the afternocn that the anthers did not shed poilen. Thereflore,
although receptive stigmas were present for a Jonger period than wsual,
pollination was slight.

In such long blooming periods it appears that most of the pollination
is secomplished during a fow days of favorable weather, but that a day
of good weather is much less effective than in a short bloonung season
becnuse fewer stigmas are in a receptive stage and fewer catkins are
shedding pollen.

The blooning season for 1929 at Ventura was earlier and shorter
than that of 1928. Effective sell-pollination of the Placentia could
oceur only during a 9-day period (April 25 to May 3), but the weather
was favorable, and the Placentia trees produced goed crops even In
orchards where cross-poliination was not possible.

In orchards in which both the Placentia and Santa Barbara walnuts
are grown, it will be seen (fig. 7) that during 1928 the Placentia should
have been either self-pollinated or cross-pollinated from Max 1 to 23,
a period of 23 days, and the Sanla Barbara trees should have been
either seli-pollinated or cross-poliinated during a 13-day period ex-
tending from May 1 to 15. During 1920 efficient cross-pollination
could have taken place for the Placentia and Santa Barbars walput
orchards only from April 23 to May 3, an 11-day period. During most
of this period, however, the weather was warm and sunny, and winda
blew nearly every day.  During sucl weather catkin development was
rapid; numerous pistils with receptive stigmas were ready fo recerve
the pollen, which was cfficiently distributed by wind. The result was
evident in the heavy crop in the Ventura district in 1929, as against a
Hght erop in 1928,

INTERPLANTING OF VARIETIES FOR POLLINATION PURPOSES

Since single varieties <o not always pollinate themselves satisfac-
torily, the pressing question from the standpoint ol growers is, What
varieties should be interplanted to assure cross-pollination?  As vet
the question cannot be answered authoritatively for every variety or
for every district. 1t has been shown that varieties are not alike in
their regponse to climate and weather, that the districts differ [rom one
another in elimatic influences, and that there is considerable variation
in sensons. Lt has not been possible to conduet observations in every
district cach vear, and some varieties have not yet been studicd.
Morcover, all combinations of varicties are not to be found in all dis-
tricts for purposes of comparative study. Nevertheless, the data at
hand should make it possible to select combinations ol varieties for
interplanting that will greatly improve the chances for adequate polii-
nation, even though there is no certainty that the varieties selected
will poilinate each other perfectly in all seasons.

A study shows that for a number of days in nearly every year pistil-
late flowers of cach variety ave blooming amnd fading in large numbers,
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with no possibility of being pollinated by trees of the same variety.
These unpollinated pistillate flowers represent the potential increase in
walnut crops when adequate provision is made for interpoilination.
Almost any combination of varieties is likely to increase pollination to
some extent, and even a few extra days of pollination may make the
difference between a large and a small crop and between profit and loss
in the management of an orchard,

It would scem that the ideal arvangement would be to plant pro-
tandrous varieties with protogynous varieties blooming st the same
tume, so that they will pollinate each other, However, the madifica-
tions of protandry and pretogyny according to weather and climate are
such that it is difficult to say just what will happen in any district with
such combinations of varieties. The Payne (protandrous) has been
planted with the Placentin (protogynous) in some places, At Linden
In 1927 the Placentia was protandrous. It bloonted so as to increase
the pollination of the Payne, but received no benefit itsell from the
combination. At King City in 1929 the Placentia pistils anel eatking
bloomed together. The Payne was completely dichogamous, but was
pollinated by the Placentin. 1In this case the combination was very
helpful. Records obtained during (928 and 1929 indicste that a new
vanety, the Lucretia, is a good pollinizer for the Payne. It seems to
produce catkins at the proper time to pellinate the Payne pistils and
appearsto be protogynousin tendency. A further study ol protogynous
varleties may malke it possible to select varicties of opposite types for
each district, but this eannot he done st present.

The planting together ol & number of varieties gives the best
chance for the pollination of all the trees in an orchard, but some
groupings are more likely to be effective than others. When carly-
blooming varietics are interplanted they may al) sufler from the same
pollination trouble at the same time, or cach may help some other for
a few days and increase the total pollination appreciably. There is
more varlation in the time of bloom of the early than of the late
varieties, and, therefore, better results are likely to he obtained from
mterplanting them than from interplanting varietics belonging to the
late group. If the behavior of the Payne, Praeparturiens, and
Kaghazi (early varieties) at Oakdale in 1922, 1923, and 1924 is
studied it will be found that in 1822 almost nothing was gained in
extra pollination by this combination of wvarieties. In 1924 the
Kaghazi pollinated the Payne pistils for 5 days beyond the pertod
of self-pollination. The Praeparturiens provided 7 days  of extra
pollination for the Payne and 2 days of extra pollination for the
Kaghazi. The Praeparturiens itself bloomed unpotlinated for a long
period, as it was the latest bloomer in a group of varieties, all of which
were protandrous in tendency, In 1923 the bencfit of interplanting
to the Payne was very marked. Ti that vear and locality all of the
Payne pollen had been shed before the stigmas were receptive, but the
Kaghazi and Praeparturiens supplied pollen to the Payne througheut
almost the entire period of its pistillate bloom. In general it may be
said that groups of early-blooming varieties will have a longer period
of effective pollination than will any one variaty in the group, and
that interplanting is helpful, although not always entirely satisfactory.

In the same way late varietios will help one another, although to a
lesser extent. The Franquette is often useful in furnishing pollen
for certain other late varieties, hut it rarely receives benelit itself in
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the way of pollen from other varvieties. For example, the San Jose
at Linden in 1929 bloomed with the Franquetie. Both were pruc-
tically dichogamous, and neither helped the other.  In 1922, however,

at Oakdale, ‘the Sun Jose Grhieh was dichogamous in this year, Jlbo)
was much benefitedd by the Franguette, though the Francuette
received no help from the combination. It is difficult to find suitable
pollinizers for the Pranquette, which is one of the Jast varieties to
Boom and is decidedly protandrous.  Protogynous varieties hlnmmmr
at the sume time would seem to pregent the ideal combination, hut it 1s
probable that protomynous tendencies would be overcome by ¢li-
matic influences in some of the districts where the Franquette is
grown most suceessfully. The AMevlan, which is a late bloomer and
1s somewhat protogynous in most distriets, seems to he of considernlle
promise us a pollinizer for the Fr mqm-l{o and should be (ried out
Tully in all distriets.  Sometimes the [inds will help {o pollinate the
Franquette, but the strains must be seleeted ecarvefully. FThe Willson
Is helpful in some distriets.  The Parisienne might be helpful were
it nof for the fact that the variety does nol bear catkins regularly.

The Frostfighter, which has heen ander observution for a fow vears in
the San Jose district, seems to praduce pollen in large quantities at the
richt (ime to p(}llin:ll(‘ the Franquette.  Its nut s not valuxble
commercially, but it vipens <o Inte that it is eastly kept sepacate from
the Franguette daring hiarvesting. It may prove on further testing
to he of great value for pollinating the bete-blooming group.

In any combmation eonsisiing of protandrous var fieties the latest
bBlooming variety in the group suffers most beezuse maony of the pistils
may come ouf afler the pollen from all the varietios ix shed (figs. 10
and 11).

When early and Iate varietios arve inderplanted they {requently
Bloom =0 [ar apart that the bleoming periods do not overlap (hg, 111
In some seasons, however, the blooming periods ave hrought close
together, and mnder these cireumsgiances cross-pollination may take
place.  Combinations of carly and late varicties are not nsunlly
entirely satisfactory unless planted with intermediate blooming
variefies,

Probably the hest combinations of varieties are those that bring
together ("11]\ and intermedinie bloomers, or intermediate and late
bloomers (se¢ table G Gy, or all three,  In these cases the latest bloomer
maey wot he [)oiJJlmlv(l adecpately in all seasons, hut will hielp (o pal-
linate the vest. Lo lusteate, Ggure 7 shows that at Oakdale in 1920
the Payne Yan early Bloomery was not adeguately =elf-pollinated, but
would have been Tully provided for by the Concord fintermediate
bloomers, which was sell-palinated. At Linden in 1925 the Eureka
tintermediate hlooming) and the Franquette date bloomings woitld
hayve provided pollen for all the pistils of the Kerly Blooming Al avetke
and the Payne (hoth early-blooming varieties).  In that voar the
Mayette was almost completely die huffunmua The Pranguette in
the same season would have added effeetively to the pollination of the
San Jose apd the Willson  (late-blooming varieties).  Many other
illustrations could be given. The charts shown as figures 7 and §
are the hest zuide st present to the probable effeet of planting the
virious combinations of varietics. The grower should study his vwn
district particilarly.
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In orchards in various parts of California combinations of varieties
can be found which appear to have resulted in great benefit from a
pollination standpoint. In the southern California coastal regions
the Placentia and Santa Barbara durine most seasons receive mutual
benefit when interplanted. In coastal districts Pride of Ventura,
Wasson, Placentia, and Santa Barbara are sometimes found in the
same orchard, and in such orchards pollinatio is usually excellens.
In the interior valleys plantings consisting of any three of the four
varieties, Payne, Placentia, Concord, and Eurcka, result in great
improvement from a pollination standpoint over any onc of the varie-
ties planted singly.

Some growers have gone to the extreme in planting a large number
of varictics. One orchard in the Waterford district consists of the
following wvarieties: El Monte, Payne, Concord, Eureka, San Jose,
XXX Mayette, Meylan, Franquette, and a few seedling trees. In
this orchard two or more varicties are shedding pollen during the
entire blooming season, with the exception perhaps of a very few days
at the beginning. An orchard in the Modesto district has the
following varieties: Tl Mente, Golden Nugget, Concord, Eurcka,
XXX ;\fayctte, Willson, and Franquette. An orchard in the Oakdale
district contains Kaghazi, Pracparturiens, Payne, Concord, Eureka,
Mayquette, Mayette, San Jose, Franquette, Parisienne, and Willson
varieties. In the Santa Clara Valley one orchard consists of trees of
Santa Rosa, Payne, and Franquette varieties of the Persian walnut
and also several trees cach of Japanese walnué and Persian walnut
scedlings. In these orchards pollination is well provided for, but
more varieties are included than should be necessary.

It must be remembered that cross-pollination is beneficial not only
n providing protection when dichogamy is complete but in incressing
the number of pistils pollinated in seasons when some degree of sclf-
pollination occurs.  Growers need not plant great numbers of inferior
varieties, but until further data are available, it might be wise to
plant good pollinizers sparingly as crop insurance for the better
varieties,” even though they do not necessarily produce high-grade
nuts. 1t is hoped that ¢ventually dependable combinations for all
wahiuigrowing districts can be Hsted. In the meantime, altheugh
ideal combinations for all seasons and localities are not easily arranged,
the following general recommendations for planting should be helpful.
First, the grower should select the main variety desired for his orchard.
He should next select at least one other which blooms aboub the same
tune, and, if the main variety is protandrous, one or two other that
bloom a Little Inter. If there is & possibility that the main variety
may be protogynous in the district, he should plant one other that
blooms earlier. It should be horne in mind that many of the stigmas
of the carliest variety in the orchard are likely to go unpollinated il
the variety Is protogynous and that many of the stiginus of the latest
variety are likely to go unpollinated if that variety is protandrous.

1t appears from the studies that greas benefit will result from proper
proviston for pollination in walnut orchards, The ideal to be attained
1s that abundant pollen shall be uvailable throughout the period during
which stigmas of any of the varieties are receptive. Such an arrange-
ment wili increase the opportunity for a heavy set of nuts without
inereasing the cost of production.

* 'Phe distugce pollen is carried by the wind iy discussed on p. 44,
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MISCELLANEQUS POLLINATION FACTORS AFFECTING THE
SETTING OF NUTS

In previous sections of this bulletin it has been shown that when
not dichogamous, all of the walnut varieties studied are both self-
fertile and interfertile. Such a condition is Tavorable to nut produc-
tion. It has also been shown that the existence of dichogumy often
prevents satislactory sell-pollination and sometimes intericres with
eross-pollination. Dichogamous tendencies in walnut varicties are,
therefore, unfavorable to nui production. Aside from self-fertility
and dichogamy, the following important [actors in relation to pollna-
tion determine whether nuts will set: (1} Viability of pollen; (2)
amount of pollen produced; (3) cfficiency of distribution; (4) length
of period ol pollen production; (3) number of pistils produced; (6)
size of pistil when receiving pollen; and (7) length of period of pistil
receptivity.

VIABILITY OF WALNUT POLLEN

Whether pollination is aecomplished artificially or takes place by
natural methods, it is necessary that some of the grains reaching the
stigma be viable if fertilization ol the ovules is to tuke place.  All of
the pollen speeimens used in artificial pollination work and many
other specimens of pollen taken from trees in the ficld were tested
for viahility., The specimens of pollen taken from trees in the {ield
were tested for viability. The specimens were subjected to germina-
tion tests and to microscopic examination for the determination of
protoplasmic contents. Bspeeinl attention was given to 18 varieties
of Persian walnut pollen, to pollen obtained from various strains of
ffinds, of the California black walnug, of the castern black walnut
(Jugluns nigra), and of the Japanese walbut,

(ireat variation in the pereentages ol viahility of the pollen was
found in the specumens examined.  In many eases it was exceedingly
low, and niicroseopic examination showed a large proportion of grains
o be devoid of protoplasniic contents.  Many ol the grains apperring
normal Miled to germinate.  The pereentage of viability of the pollen
specbmens tested varied from 0 to 80 percent, the average being 23
pereent,  While there was much variation in different specimens of
each variety, some varieties appeared habitually to produce a larger
proportion of viable grains than others. Certain varieties, of which
the Golden Nugwet and particular trees ol the Santa Barbara type
are examples, produced a larger percentage of abnormal graing than
didd the Eurcka, Franguette, or XXX Mayette. The viability of
pollen groins varied with the season, locality, and general climatie
condition. The Metors alfecting viability are not well understood,
It it is possible that viability depends in some way upon the rapidity
of development of pollen in the anthers. It also appears that sun-
shine is heneficial fo the praduction of viable pollen. It Is clear
that raing and heavy fogs at the time pollen grains are being shed
hy the anthers cause deterioration.  Pollen grains after having once
been wet ave usually found to have lost their viability.

The age of pollen grains bears a marked relation to their viability.
In general it may be said that the older the gruins the lower the
pereentage of normal grains and the lower the viability, After the
pollen is seattered in the field its viability decreases rapidly. It
scems that under uverage Held conditions walnut pollen grains remain
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viable for only a few days at most afier being shed from the anthers.
The period of viahility of pollen graing may he eonsiderably prolonged
by stering under proper conditions. After experimenis had been
ceaducted In storing pollen in a Inrge number of ways, it was found
that the grains retamned their viability best when the pollen was kept
in glass vials stoppered with cotton and containing a small piece of
eatkin to supply a slight smount of moisture to tho air in the vial.
A cool dry place was found to be most lavorable for storage. In
many instances walnut pollen kept in this manner had enough viable
grains at the end of 3 or 4 weeks to warrant its use in artificial poliina-
tion expertmenis.  In some instances, howoever, pollen kept under the
most [avorable conditions known to the writer was devold of viability
after 2 woeks,  When exposed direetly to the air, the grains retained
viability for only a few ({uys a{ most. Many growers have thought
that pollen remaining upon the branches or foliage would be efficn-
cious for a considerable {ijue in fertilizing the pistils. 1t is probable
that such pollen is not Important in the commercial production of nuts,
since it would not remain viable for any length of time when exposed
to the air.

That the tests show an average of only 23 pereert of viable grains
of walnut pollen in the [resh specimens examined is signifieant,
because over four tinmes as many grains must be distributed to result
in fertilizing the same number of ovules as would be fertilized it all
the grains were normal.,

AMGUNT OF POLLEN PRODUCED

Beeause the walnut depends upon wind {or the distribution of

pollen, a groat deal of waste takes place, as is the case with all ane-
maphilous plants. The nuniber of catkins produeed by o variely and
the guantily of pollen shed per catkin at the time the stigmas are
receplive have n direel relulion to nut production nnd also determine
the number ol trees pecessary [or interplanting among dichegamous
varioties.  In order to arrive at an estimate of the quantity of pollen
produced the catking were counted on various trees and as mueh
polien aa possible was colleeled from individual ecatking, the gramns
bemg counled under the microseope,  The grains were collecled rom
the catkins as lollows: Several preparved microscopic slides were
fastened edge to edge on heavy cardboard, so us to make a conlinuous
glass surfuce.  This plate was placed directly under a single catkin
and held horizontally I place about 2 inches helow Lhe catkin by
moenns of wire frames fastened to the Dbeanch,  Shields of heavy
manila paper were placed around the eatkin and the prepared plate
to serve as p protection from air currents. The plates were replaced
a8 often as necessary ondil the entkin consed shodding pollen. The
shides were then separated and the polien graims counted under the
FHCTUNCOpe.

Another method used consisted in eulting onl measured seetions of
entkins,  Pollen was shaken out of these seetions from time {o time
as drying (nok ploce, and the number of graing obtained was used us
a hasis for ealeulating the numbers of polien grains produced by the
entire catkin,

It is elear that in each method some of the pollen was Jost. Never-
Fheless, H was found that single eathkins produced from 1,000,000 to
4,000,000 pollen grains,
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TUpon seme of the larger Placentia trees as many as 10,000 catking
were counted during a season.,  Secldom did large frees produce fewer
than 500 cetkins. In one 6ld orchard eatkinsg produced by single
trees ranged in number from 1,500 lo 11,000, the average being
approximately 5,000. It will be seen that there was o probability of
individual trees in this orchard producing Irem 1,500,000,00C to
40,000,000,000 pollen grains, One tree of average type would, there-
fore, produce enough pollen grains to pollinate several acres of walnut
trees, provided all conditions were perfect. [t is cortain, however,
that perfect conditions never exist. The viability of pollen is often
low; many catkins are commonly destroved or damaged by {rosts,
rains, logs, insects, or diseases, and there is grent waste in the dis-
tribulion of pollen grains. IFewer catkins are produced on young
than on oid trees, and in some varieties such as DParistenne very few
catking are produced at any age.

POLLEN DISTRIBUTION

Walnut pollen grains are extremely small, averaging 46 microns in
dunmeter.®  While other workers have found that pellen grains of
certain species of coniferous trees have been carried by wind for dis-
tances of several miles, it should not be assumed that walnut-pollen
grains will likewise be trunsported such distanees by wind.  Conifer-
ons-polien grains are not only exceedingly small in size but possess
air sacks whick enable them to floal n the air. Wulnut-pollen
grains, although small, have no air sacks and therelore settle slowly
to the ground.

Experiments were conducled during 1928 at Linden and during 1629
in Ventura Clounty to determine how far walout pollens may be trans-
ported by wind., Pollen grains were collected upon suitably prepared
alass plates placed at various distances in open fields to the leewnrd
stde of trees shedding pollen. At certain intervals the plates were
collected, the grains counted, and the numboer per square millimeter
was aseertained.

The following wre averages of the number of pollen grains disteib-
uted per square millimeter per day of 24 hoors in rather strong wind
when the pollen-shedding season was at 1ts height:

Under trees, 8.

At 60 feet away {rom nearesi frees, 4

At o distunce of 150 feet from the nearest Lrees, 2.8

At g distance of 250 lect, 1.7.

At a distance of 200 feel, T,

Al a distanee of 1,008 Tect, 0.3.

At a distunce of one half mile; none,

The surface areas of receptive stigmas vary from 10 {o 50 square
millimeters.  Therefore, theovelically, each stimma under Taverable
whnd conditions stonds & good chapee of receiving 8 considerable
number of pollen grains each day, cven at a distanee of 1,000 {eet, or
Ter a distance cquanl o 16 61 17 rows of Lrees as conunonly phuted in
walnut orchards.  Figure 14 shows the number of pollen grains a
stitma would theorefically reccive at the distanes and under the con-
ditions deseribed. Beyvond a distance ol 1,006 feet there is very small
chanee of stigmns recetving pollen. Furthermore, the (rees themselves
obstruct alr currenls to a considerable degree, 1t is probable that

1R plaeesd stde by side, i woukd ke 250 Persmn welnnt polien grains to cover adistanes of 1 incls,
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under orchard conditions the actual number of grains reaching the
stigmas is considerably less than the number given for the time
indicated. Since on an average only 23 percent of the grains were
found viable, the number of vinble grains reaching the stigmas at the
various distances would be approximately one fourth the number
indicated. It is probable that the nonviable grains, which are often
devoid of protoplasmic contents, being somewhat lighter than the
viable ones, would be carried to a greater distance than the viable
grains, so that the pereentage of viable grains received by the stigima
would deerease with the distance,

It is sofe to conclude that when the wind is faverable walnut-pollen
grains will be carried very effectively ncross several rows of trees atb
common planting distances, and it appears that in some cases pollen
will be carried 2eross 15 rows or more in suflicient quantity to result
in satisfactory pollination. Pollinizers need net constitute o large

F G

BN . . —

Ficrere H.—Dingram illusirabing 1he number of pollen wraing stizmas of the size indiested would reeeive in
21 Neurs under eonditions given in the diseussion, Each dol eepresends o pollen grain (the dals are reges-
sarily Inrper Lhan pollen prainsd: (1, Piglil in tower Diranches af tree woutk! recebve 192 pollen groins; f,
piskil 1o the loeward G0 feel would reeeive U6 pollen graing; ¢ pistil 130 feet (o the leewnrd woutd reeeire
2 nallen praings £, pistil 250 fee! nway would receive 30 pollen prains: &, pisti! 00 feet nwny would
receive M pellen proins; 5, pistil 100 oot nwny would reccive 7 pollew praiug; @, phistil ooe hail mite
awny woull receive no pollen groins.

pereentage of the orchard if placed at suitable intervals to the wind-
ward side ol the trees for which pollination is desired. If 5 percent
of the trees in an orchard consist of pollinizers judiciously placed,
no tree to be cross-pollinated will be more than three rows away from
the source of pollen. LEven if the grower desires to keep the varletics
in selid rows for cenvenience in harvesting, the hulk of the orchard
can consist of any variety desired. Effective results also may be ob-
tained by gralting over certain branches with a variety suitable as a
pollinizer.  The chief disadvantage of this method lies in the eare and
[abor required to separate the nuts of the different varieties at harvest
time, which must be done unless the pollinizer is such that it produces
nuts similar to those borne hy the rest ol the tree. It is possible that
in some of the types heing studied for pollinizers the nuts may ripen
at a different time from the main erop, and some of the annoyance of
separiating the nuts may be avoided by harvesting the regular crop
and the nuts from the pollinizer trees at different times.
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PERIOT OF POLLEN SHEDIMNG

Since the pistils on a tree do not all develop ol the same time, the
period during which polien is shed s very important as alfecting thiv
probability of the pistils recetving pollen at the time the stigmas are
recepiive.

In order to find how long a single catkin produces pollen, a great
many individual eatkins were tagged and records kept of the dehis-
cence of the anthers. In cool weather, such as prevailed at Ventura
during parts of the blossoming season of the Placentia in 1928, indi-
vidual catkins produced pollen for as many as 5 or 6 days. During
the moderately warm weather which prevailed at Ventura through-
out much of the Mloeming season of 1929 individual catkins seldom
produced pollen for longer than 3 days, and most of the pollen was
shed in 1 or 2 duys. In the interior valleys of California during hot
sunny wenther individual eatking are often limited in pollen produc-
tion 0 1 day.

The actual length of the pollen-shedding period is determined not
so much by the length of the period during which pollen is produced
by individunl catlkins as it is by the extreme range of blooming dates
of diffierent catkins on the trees. The aciual length of periods of
pollen production with the various walnut varicties in various seasons
and localities is shown in figures 7 and 8. Besides the lack of overlap-
ping of the periods of pollen production and pistil development, as
discussed under dichogamy, various other conditions are often unfa-
vorable to long periods of pollen production. Hot, dry, sunny weather
brings about rapid catkin development and causes all the cathkins
to shed pollen more nearly at the snme time than otherwise. Nof
only is protandry increascd in seasons when such weather is prevalent
but the period of pollen production is shortened. In some seasons
one or more nights of frosty weather vause partly matured eatkins
(which are highly sensitive to frost) to drep. There have heen in-
stances when practically every catkin has been destroyed by frosts,
as was the ease with the Payne in certain sections during the spring
of 1929. Itven should somie of the later catkins he spared, {rost may
greatly reduce the period of pollen preduction. Moderate winds are
favorable to pollen distribution, but strong winds tend to loosen well-
developed catking from the tree, causing them o dreop. In damp
weather molds and other diseasces sormetines destroy the lowers in the
developing eatkins, thus preventing pollen grains {rom maturing.
Even when molds or discases are not present, rains or fogs destroy
pollen grains matured by the catlkins. Bees gather great quantities of
pellen from the walnut.  Other insects, including several types of
beetles and flies, feed upon walnut pollen,  Such insects, when nume
erous, ronsume considerable quantities of polien.

Collectively these agencies play o more or less important role in
reducing the number of pollen grains or in destroying the eatkins,
thus shortening the period of pollen production and decreasing the
prohahility of pollination {sking pluee, often Lo such an extent as
to alfect the commereial crop appreciably.

QUANTITY OF PISTILS PRODUCED

Regardless of how satisfuetory all ether pollination factors may
be, heavy crops of walnuts cannol e produced unless u large number
of pistils develop.  Some varieties, such us the Payne, are precocious
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bearers of pistils when young, but tend to produce too few pistils
on old trees, and must be pruned to encourage vegefabive growth
ol a type which produces pistillnte Howers ab the terminals of the
shoots. The Franquette and some other varieties produce few
pistils when the tree 1s young and mere ns the tree gets older. In
general, it may be said that the older the tree the larger the numbey
of pistillate flowers. Cerfain varieties, including the Concord,
Eureka, San Jose, Placentia, Bl Monte, and most trees of the Santa
Barbara type tend to produce pistillate flowers in especially laroe
guantities. Counts made upon moderately old trees of the Placentia
variety during one season showed 3,000 to 8,000 pistillate {lowers
per tree.  Other lactors in addition to age of tree affect the number
of pistillate fAowers borne. Whenever vegetative growth is not
plentiful for any reason, the number of pistillate fowers borne per
tree 1s usevally small. Olten trecs lacking in vigor produce few
pistillate flowers. As o general rule, walnut {recs over 12 years of
age produce enough pistillate Howers to permit of good crops under
favorable conditions.

SIZE OF STIGMA MOST SUITABLE FOR POLLINATION

During the progress of the experiments it was found important
to ascertain ab what stage the stigma of the walnut is most receptive.
Poliens was exeluded from the pistiliate flowers by methods already
described {(p. 5). At the proper time various stigmas were hand-
poilinated, and cach one was tagged and recorded nccording fo the
following six sizes: (1} Very immature pistils with stigmas showing
division, but not having the inner surfaces separated; (2) pistils
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Ficurg 15— Walnuf pistils showing relative receptivity of stigmos: A, Very immalure stigmas; B, smnll
sliginns with inner surfnees visible: ¢, medinme-sized pisli] with stipmatic surfnces well developed; .0,
larpe stipmag fully developed; £, very mabure stigmas fnst before stigmatic Quid ceases to be produed;
F, stignms with plandolar surfaces partly defed.  Experiments showed thal stigmas ot the stages todi-
enled by € pnd D are in the best condition to receive polle,  The stoges represented by A und F ere
unsiatisfwetery for pollioation purpnses. (See also g 16.)

with small stigmas having the inner surfaces visible, but with the
rough or papillate surfaces only slightly developed; (3) pistils medium
in size with the stigmatic lobes and glandular portion of the surfaces
well developed; (4) pistils quite large, with stigmas fully developed
in every respect and usually with stigmatic fluids present when
pollinated ; (5) stigmas very large, just hefore the stigmatic surfaces
begin to dry (at this stage secretions upon the surface are not usually
vistble); (6) pistils possessing stigmoas with the glandular surfaces
partly dried. The different sizes are shown in figure 15. After
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each pollination was made the pistils were again protected in the
customary manner from further pollination by natural methods.

N attempt wns made to select an equal number of pistils of each
of the six sizes. The pistils were taken as they cume snd the size
of each recorded and segregated. In this way all sizes of pistils
were recorded on 2ll portions of the tree and upon each hranch.
The percentage of the matured nuts resulting from each size of the
pollinated stigmas was taken for compabison. A summary of the
results according to the sizes of the pistils i= shown 1n figure 16.

It will be seen that the highest percentage of nuts resulted from
the application of pellen to stigmas of from medium to large size;

50 V
Y
/

ﬁ.e

/

{ PER CENT)

Re)

[
i
=2
=
o
=
[/
puts |
-
<
=
o)
|
-
w
o+

OA 8 Cc D E F

SIZE OF STIGMAS

TiGURE 16.—Dercentage of pistils maturiog rts as 4 result of the pollination of stigmas of the sizes shown,
‘The staga of development of the pistils wheo polilnated is indicated by Lthe lelter #i, B, O, I, E, or F,
as ocxpdmined in fgure 15, and by tie accomnpanyiog Ulustration.

that is, to stigmas mature in sll respects and at a time when the
stigmatic fluid was being secreted by the glandular portion of the
surfaces. Pollen applieg to very mature stigraas in which the
elandular portions were ceasing to secrete fluid caused a smaller
set of nuts than when applied to stigmas somewhat younger. After
the glandular portion dries, the application of pollen results in prac-
tically no set of nuts. When stigmas more or less immature, as
indicated by A and B, are pollinated the percentage of nuts pro-
duced is much lower than when pollen is applied to pistils of the
sizes indicated by € and D. Individual walnut stigmas usually
remain receptive for a period of several days, the length of time
depending largely upon the weather,
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FARTHENOGENESIS

1t was found that in some varieties of the Persian walnuf & small
percentage ol the pistils developed into fruit by parthenogenesis,
e, frait formed without pollination. The matter will not be fully
discussed inasmuch as additional experiments must be conducted
belore dependable conclusions can be drawn. As yeb it is not known
what form of parthenogenesis oxists in the walnut. In certain
experiments both normal and abnormal nufs wore produced by
parthenogenesis.  In some cases the kernels of such nuts were normal
In appearance; in others the shells enclosed no kernels or the kernels
were nmperfectly formed.  Figure 17 shows both abnormal and noral
nuts produced by parthenogencsis under controlied conditions.
Evidence seems to
show that partheno-
genctic and partheno-
carpic development of
walnuts hassometimes
taken place to a con-
siderable extent in
comumercial orchards,
In severnl instances
orchards ol single va-
rieties (planted in solid
blocks) long distonces
from other varieties
have produced some
Iruit {rom pistils de-
veloping after irosts
had destroved the
catlkins. & striking
illustration of this oc-
curred in 1920, in
which{reezingweather
destroyed all pistils
and catkins upon . ;
Payne trees, Pistils FIGCRE 17.—Payne walnuwts proadueni parthenseenericalls: «1, Ah-
Wore produced a normal outs; £, normal s,
second time upon the new growth, following the freeze, but no catking
developed. This second production of pistils was completely destroyed
by a second {reeze. A third crop ol pistils was produced Iater, and
so11e of these, without any possible chance of having recetved pollen,
developed nuts. The percentage of set was simall, but the total
number of nuts produced was suflicient to warrant harvesting.

ADNORMAL NUTS

Abnormal nuts are often produced in sufficient quantity to be
detrimental to the commercial crop. Some of these abnormalities
are, no doubt, due to conditions independent of pollination, but it
appears that some of them may be due to secondary cifects ol polli-
nation. Turther experiments will he necessary  before it can be
definitely stated what the secondary effects of pollen are upon the
shape of the put, the smoothness and quality of the shell, the
peculiarities of kernel develepment, and the types of the sutures and
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partitions.  With {he exception of a small amount of work done
during a single season, the only data available on this matter were
collected under field conditions in which a variety was likely to receive
dilerent varieties ol pollen in dilferent portions of the orchard,
QOceasionnl variations and abnormelities occur in the inflorescence
of the walnut. A striking abnormality is shown in figure 18. It
will be noticed that here the catkins have become greatly modified.
Coertain portions of the catkins instead of developing staminate
flowers produced pistils. Many times these freak catkins develop
abnormally shaped pistils. At other times they bear normal pistils,
They may also bear both stamens and pistils, as shown in figure 18,
A and ¢ Modified catkins of these types have been [ound varying
in length from an inch to over a foot. 'The abnormal or modified
catkins often hear nuts when the pistils are pollinated. The nuts
produced vary in size {rom that of a small pea to an inch or more in

r e C- - L . a——

Fiirre 15.— A bnarmalities in the development af eatking, (1 and © showing mpdifieation of flowers to
varying extent proveerline from the Gp upward. A1 2 isa mas of stamens of abnormul *izes and shapes,
At I, instead of staminate Blossanes, there are imperfectly forredl pistils, sl ol o are poetoet pistils. Jo,
Muts set ns o result of pollinatian of the pistils of an aboorial eatkin,  The natlets shown in thwe ilbos-
trution were nboit three fourths inek in'dinmeter and were perfeet in evers “vay, including buil, shell,
aml kernels,

diameter.  Often such nuts borne upon the exis of the modified
eutkin are uniform in size and may or may not be normal.  The nutlets
shown in figure 18, B, were about three fourths inch in diameter and
were perfect in every way.

LIST OF VARIETIES

- Beeanse there is much confusion regarding the names of certain
of the walnut varieties grown in California, the following briefl state-
ments are made relative to varieties mentioned m this bulletin:

Coneord.—Ahout 1890, Telix Gillet, of Nevada City, Chalif., distribuied some
scedling trees which he bad originated. Hmith (70) states that oue of these
trees planted on the raneh of George Westcott in Concard served as theoriginal
scurce of bud wood of the Concord variety.  Many of the native black walout
trees in Contra Costa County were grafted to this varicty, which reecived ils
nume [rem the locality in which it was frst grown extensively. According to
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Wickson (14}, Leonard Coates began te distribule trees of the varieiy from his
nirsery in 1008, [t has been widely distribnteel throughout neorthern and eeetral
Calilornja.

Ehrhardt.—The Ehrhard tvariely originated from a Sania Barbara seedling.
Trees of the varfety wore first_grown in quantity by V. 15 Ehrhardt, of Santa
Ana. Tt s now widely distributed, cspeeially” in” southern Califrnia,  The
acrenge at present is not large.

I Monte—A Sanla Barbarn seedling tree on the Richarels ilaee near Bl Maonte,
Calif., was fuund to possess certain desirable qualities and to differ somewhat from
the typical Santa Barbara trees.  Trees propagated from this seedling were
distributerd o a cunsiderable extent in southern California, and the varicty was
named K1 Monte from ihe loeality in which it originated.  Mr. Richards took bhe
variety to Fallon, Calif., and from there it was distributed to the Mocdesto district
aml to various other poinis in northern and eentral California tre L. AL Cover.
While the tofal aereage of this variety is not large when compared with that of
Lhe leading varictics, it is widely distributed and the tota! yield amounts to a
consideraide tonnage,

ureke.—The Biurcka variety originated as a seedling tree at Fulierton, Calif.
Tt is widely distributed throughout the State and has been espeeially popular in
the interior vaileys.

Franquette—The Franquette variety originated in France, Aceording to the
records of Felix Gillet, he introduced the variety in California as ecarlyas 1871.
The Emily Vrooman orehard at Santa Rosn was probahly the first in which &he
varely was grown on a comumercial seale.  From Ehe Vrooman rznch it was
distributed throughout the Btae. It appears, however, that other varietics of
walimtts were infrodueed from France and were planted Iy growers who believed
they were getling the true Franguette. Tt also seems that some California seed-
lings were erroncously thought 1o he Franquette.  Seions from such seedlings
were distributed to various orchards.  These faets, no doubt, aceount for some
of the variations in the so-called Franquette types. [However, most of the
Franguette orchards in California consist of trees true to the variety, and they
are often called “ Veooman Franguette.” It is this variety to whieh the name
“Frangquebic’” is applial in this hulietin.

Frostfighter—The Frostlighter is o hybrid nut orizinated and named hy Frank
Feily, of Ban Joso.  Although the nul is of no value commercialty, the tree appears
Lo be of considerable promise For pollinating fhe Franquette and other late-bloon -
ing variefies.  Frouya few years' ohservation in the San Jose distriel, it s boen
fonnd that the blooming period of (he eatkins extends over a lung time, covering
the entire period of pistillate bloom of the Franguette.  Pollen is protduced in
abundance. The mits appeartoripon somewhat laxer than those of the Franquette,
which helps to prevent their being mixed during harvesting.

Golden. Nugget.—The Golden Nugget variety ariginated from heavy-hearing
Santa Barbare trees grown on the Charles Sandersen ranch at Whittior, J. A
Cover introduced Lhe varioty to central California, propagating and testing it on
Lis ranches at Modesto.  The variety is nol extengively planted.

Crove.- -The original tree of the Grove varicty was a seedling growing at the
T.. K. Grove home in the 8ania Clara Valley.  Exelusive right to propagate the
variety was purchased by W. €. Anderson about 1912, The varigty wus frst
grown extensively In the Anderson orchards al Linden and has been planted
clsewhere in the district. It is a comparalively new varicty and has not been
tested thoroughly In all the walnal distriels in Californin.

Hinds.- ~“The name Hinds is given 1o the northern California black walnut
(Fuplans hindsiv by the Ameriean Joint Committee on Hocticultural Nomen-
elufure .

Kaghoz{ (Persinn).—In addition to being used as the generic name for all
varictios of Sugluns regia, the name Persian is applied in Culifornia to the Kaghast
varfety.  There is some doubt as to ils exact origin.  1n an anonyinous article
in the Pacific Rural Press (1) the following stalements are made: % * % {ha
iate James Shing, of Niles, sceured in some way a nul fromn the real home of
Juglans regie iy Persia, and he ealled i the * Pessian walnot,’ using also a specics
name which was in sotne way conneeted with it, lo wit, * Kaghazi? * % % Thy
late Mr. Shbin wes not the only distributor of (e Kaghazi, * * * WP,
Hanmpon  * ¥ % {ook a hand in distrilbuting it when bhe was a UNTSCrY IR
in the cightics.  The nut was also seut onf a5 a complimeniary premiun 10 sub-
seribers of the San Franeisco Bulletin under the direction of Mr. G. P. Rixlord,
and of these Mr. Hildebrand reevived Lwe, fron one of which grew the splendid
tree shown i the picturc on this page.”” The phoSograph referred to was sent to




52  TECHNICAL BULLETIN 387, U.S. DEPT. OF AGRICULTURE

the Pacific ural Press by ). W. Miller, of Linden, and shows the large Persian
tree growing on the old Hildebrand place, o few miles above Linden, an the soutl
fork of the Caluveras River,

B R Lake (8, p 44 stales: “ Nuts obtained through the Ameriean consul in
Persin were planfed by ¥r. Meek, of Hayward, Cal,, and from these were pro-
dueed two trees, the nuts of which were deemed espeeially inerilorious, Lo these
trees was given the vame Kaghasi”  Lake menlions Dnrlber Kaghazi trees
grown near Goleta.

Ralph 1. Swith, in diseussing the variety, states that "it is a [airly distinet
variely ¥, and substantiantes Lhe opinion that it was introduced by Willinm Meck.

It seems apparent that the variety originated on the Meek raneh al dayward
and was obtained from there by James Shing, who, among others, distributed it
extensively.  Much confusion probably wrose through the seedling trees resulling
from the planting of nuts from Kaghazi trees, At any rafe, at one time the variety
was widely distributed over California, and it is still found In many seetions.

Lucretia.~—The Lieretia variety was originaled by L, K Grove and Is of interest
beeause of {ts apparent suitabilily as a poliinizer for ihe Payne and other carly-
Blooming varieties.  The nut seetns 1o be of rather good goality, but is said by
some to be subject to meiding in certain Californis clitnates. The variety is
comparativelv new and as yet has nol heen tested extensively.  The first com-
mereial planting was made {u the Anderson and in {he Miller orehards al Linden,
It has been distributed fo a large number of the Californic walnut-growing
distriets for trinl, but it will be several years hefare it ean be staled whiether the
variety Is commereially suitable or nut for the varivus localitics.

Mayette {Ureaobler.—Darly in Lhe history of waluut development in California
AMayetic trees or seions were imported from Franee by Telix Gillet, of Nevada
City, by Judge 8. 1% Leib, of San Jose, and probably by Juhn Rock, of Niles, and
others.” Many growers in California planted Mayette trees originating front these
sonrees.  Tribbe Bros., of LBlk Grove; G. 1. Rixfora, of San Francisco; and, to
a Jess extent, A. T Halel, of Suisun éit_\', were amang the early distributors of
Mayette treos.  Bventually it hecame cuslomiry in Calilurnin to apply the term
“Afavetie” to any scedling tree produeing nuts of an oblong, round, or ovate
shape even remotely resembling the Mavette.  Furthermwore, the amue was used
will deseriplive terms lo designate various types of seedlings.,  As time went ou
there eante 1o be mueh confusion as fo whatl constituted the Mavette walnut.
The Joose use of the lerm has continued until the nante Mayeite is used to desip-
nate any type of nul which can be disposerl of in the markets uader that name.
According ta Felix Gillet, the Terms Mayette and Grenoble are synonymous.  In
thix bulletin Uie term Bayettc is wsed Lo designate the lnte-hloomivg Mayelte or
Cirenobte variety, and Burly Blooming Mayette is applisd o a sirain of Mayelle
oviginally introduced fram France producing nuls resembling the true Mayette in
charaeter bul pusscssing @ different Bloaming abit, All<ther {ypes resemmbling the
Mayelle have hean eliminated from the experinients as soon as discovered and are
not mentioned in this bulletin.

NXXN Mayette—The * triple X" ¥ayelic is a seedling thut originally came from
Felix Gillet, of Nevada City. ). AL Cover obilained seion wood of Lhe variety [rom
the Morrow ranel In the Santa Clara Valley,  Mr. Cover named the nut ©* XXX
Mayetic” and propagated it on s ranch near Modeslo.  Beeause the nuts
were apparenlly resislant Lo sunburn and possessed altraetive light-colored kernels
Mr. Cover distribnted the variety 1o various pluees in contral Culifornia, where it
i3 now grown an a commereial seale. Smaller p\l:miings and veeasional trees of the
variety are sealtered toroughout the Stale. Alr. Cover states thatl lrees of this
variely do nol average as heavy crope as is {he ease in some of the other henvy-
hearing varief ies.

Meyten—This variety was introduced inte Californin hy Felix Gillet, of
Nevada Cily.  Although the nut is of excellenf quality, [ew extensive commer-
ciai orchards of 1he variety are in exislence in Californta. This is doublless due
to fts light bearing habil. ~ The variety has been widely sea{tered over California,
and n few trees here and there can be loented o each walnub-growing section,

Parisienne—"The Parlsienne variely was first inirndueed into California [rom
soutlioastern Franee by Felix Gillof, of Nevada City,  Later John Rock, G, H,
ISery (40, and uibers seem 1o have imporled the variety. Oune of the first com-
mereial plantings of Parisienne trees was made by AL L. Hateh, of Suisun Gity,
un one of his ranches in vorthern Californin,  Some of Lhese original trees are
still standing at Basl Biggs, A cousideralice number of brees of Lhe variety can
b fuund in varivus parts of California,
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Payre—The Payne variely originated from a seedling tree grown upon the
Payne ranch, near Camphell, Calif.  George 2. Payue hrought the sariety inlo
bearing on o comunercial seale in his own orchard. It has been distribuled to
practically ali the walnul-growing distriets In Culifornia, hut the larpest commer-
cial plantings of the variety are found in central and northern Califurnia.

Plueentie (Plaventio Perfecetion) —The Placenliu variety originated a1 Placentin,
Calif. Tt is one of the most extensively grown and conunercinlly important
varieties in southern Culifornia and has been tested in practieslly every walnnt
district in the State. The Placentin nuts eonstitute the bhuik of those sold in
the market under the ferm “budded”.  There are several fvpes of walnuts ealled
Plucentin, L. D. Batehelor 1) ealls atlention to four of ihese types.  If the
blossoms and characteristies of {he foliage are taken into account, ns well as the
characteristics of the nut, it appears that there may be even more Lypes of seod-
lings known as Placentin.  One of these types, however, constitutes most of
the acreage in Californin, and it is Lo this *steain® that the nume Placentin is
here piven.

Pracparturiens [Fertile) —According to Felix Gillel, the Praeparturicns variely
originated in France in 1829, He infroduced it inte Californin during 1870 and
1871 AL one {ime il way grown extensively in ceniral and northern California.
It is also funned Lo wless extent in other walnut-growing scelions of (he State. Me.
Gillet propagated scedlings of second and third generations of this variety, amd
these were distributed (o varions seetivus of Catifornin.  Mr. Giliet held the
opinion thal the second-generation seedling trees were superior 1o the original
Pragparluriens.  The data given in this bulletin apply to the original Praepariu-
riens andl nol 1o the seedlings.

Pride of Ventnra.—The Pride of Venlura variety {s ontirely different from the
Pride of Oregan, though bhoth are often referred to as = Pride.”  The Pride of
Ventura originafed as o seedling tree in g grove of Santa Barbaea trees on the
ranch of E. (3 Tucker, near Yenturn, Calif. 1t is not 1o be coulfused with Tucker's
Pride, of which there are o few trees in porthers Californin,  Pride of Ventura
has been planied commereially (o a limiled extent, mainly in Venlura County,

San fose (San Jose Magette, Wiliz, and Wiliz Magette).—Felix CGillet, of Nevada
Civy, Calil., planted seeds frem the Mayette trees he bl imported from Fraoce.
Out of {he firsl seedlings resolting he seleeted severnd of the betier ones. From one
of these R, Wiltz, of Sun Jose, established o conunereial orehard and was respon-
sible for introducing the variety, which was called Sun Jose, San Jose Mayelte,
Wilts, or Wiltz Mayeite.  The name by whieh {he variety is known depends
zomewlat on the district v which it s grown.  Although grown mainly iy the
Santa Clars Valley and in central Culifornia, oecasional stmadler plantings wre
found in various other California loealivies.  The San Jose is distinel from the
Mayette or Grepoble variety, hut is siwelimes confused with the various Mayetle
Ly poes.

Sanda Berbarg (Sanle Barbara Soft Shodl) —The Sanla Barbara trees, grown su
extensively in southern Californiy, originated as selecied seedlings Meow the raneh
of Joseph Hexton af Guoleta. Practivally all the euriy plantings in souihern
California consisted of (rees originating in this manner.  Although the Ly pes of
trees vary o some extent, I is rather remarkable how similar in appearance the
nits were fronm the early plantings.  There Is now niaeh variation in the seedling
trees.  The widest varlalion appears to oeeur in seedlings panted sinee the Sextons
distributed trees, T this bulletin the data are eonfined o typical (rees that origi-
vifed Trom the Sexton raneh, so far as enu be deternined.

Santa fosa—Luther Burbank originated o scedling troe and distribated it
under the name Santa Resg. According to Wickson (£ the name was also
applicd {o several inferior seedlings. Al present it appeaes that maost trees called
by the name Sania Rosa are the same as (he original in quality of nul and Bloom-
ing habit.

Wassen,—The Wasson varicty originaled from a seecling Santa Barbara tree
near Saticoy.  The original tree is still standing. The variety was first distrib-
uted in Ventura County. Most of the Wasson irees are found in southern
California.

Witlsen (Willson Honder).—There is much confusion in vegard Lo trees of the
Bijou type found in California under the names Ace, Alpine, Bijou, Calavetie,
Gant, Gibbons, Jauge, Klondike, Mammoth, Pavou, and Willson. In this
bulietin a grouping under {wo divisions has been followed, the rather late-blooming
types being called " Willson” and the envly bloamers heing listed as “ Bijow.”
Mueh study is necessary Iefore frees of this {ype o different orchards can be
placed under the correct variety names with certainty,
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SUMDMARY

All walnut varieties tested were found o be solf-fertile and inter-
fertile and capable of setling a satisfactory erop of nuts cither wiily
their own pollen or with that ol other vareties, provided pollen was
available when the stigmns were receptive. Certain combinations
appeared to give especially high percentages of set, hut in all enses
tested the resulis suggest that the varietics will give satisfetory
commercial crops whether selfed or erossed in any combination if
other conditions are favorable lor pollination and crop production.
No advantage was apparent in cross-poliination over seif-pollination,
though [urther study should he made of the quality of nuts produced.

The 17 varleties ol Perstan walnut studied were all found to have
dichogamous tendencies.  OFf these, 13 were found to be practically or
completely dichogamous in some seasons and places; self-pollination
therelore could not tuke place.  In 78 out of 200 averages for given
varieties, districts, and seasons, cross-pollination appeared necessary
[or maximum set.

Bome varieties tend to be protandrous: others Lo be prologrnous.
They differ from one anether in the degree of protandry or protogyny
to whieh they are subject under given conditions.  Young trees of all
arvieties whether protandrous or protogynous in tendeney are mueh
more subject to dichogamy than are old trees. While the dichog-
amous_tendeney deereases with age, it does not disappenr even in
very old trees. '

The wvarieties are consistent in relative (me of bloom under the
same conditions. This permits classification roughly into early,
intermediate, nnd late varieties.  The varieties in eacl group do not
bloom at exactly the snme {ime except in seasons which tend to erowd
the bloem together,

The exact dates of bloom; length of biooming periad, and blooming
habit (in regard to dichogamy) are aflected greatly by variations in
the seasons,  The dates on whieh a variety may begin to bloom in a
given distriet vary by a month or more.  The length ol the hinoming
period may vary from afew days to 2% months. A warm sunny spell
occurring immediaiely preceding or during the normal blooming
period of a variety will start the bloomy, The rapidity and length
ol blooming period will depend on the degree and duration of the
warm weather,

In ecoastal climates, where the winters arve wi'd and there is litile
contrast between winter and spring, and where fogs and eloudy weather
are prevalent, a relatively Inte and long period of blooming ix common.
In the interior vallexs, where the winiers are colder, the springs
warmer and sunnier, the varieties tend o bloom eaclier, develop more
repidly, and bloom for & shorter period.  Some of the late-blooming
-arieties cannot he grown satisfactorily in the southern coastal
distriets because they bloom (oo late for the nuts to mature.  Qther
varieties may bloom so early in the interior valleys that they often
suffer from frost injury.  The late varieties bloont in the interior at
about the time {he carly varietics are blooming in the southern
coastal section. In intermedinte districts the date and length of
bloom are allected eorrespondingly.  Tn general, the tendency of
the coustal elunate s (o increase protogyny and modily protandry,
while an interlor climate tends to increase protandry and to modify
protogyny.
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The climate, scason, and weather influence greatly the degree and
character of dichogamy. A variety normally protandrous may
become protogynous under particular climatic conditions, and vice
versa.

A long period of bloom, or even a. long period of overlapping bloom
of pistils and catkins, is not necessarily advantageous for self-pollina-
tion, since the conditions that cause a long blooming period may
prevent pollination [rom taking place.

Cross-pollination may be provided for by combining the proper
varieties in the planting.  Almost any combination of varioties is
likely to increase pollination to some extent, 1t is not possible as
yet {o recommend [or every loeality combinations that can be
depended upon to give perfect pollination overy year, but the grower
should be able to select varieties that wil] improve his chances greatly
for securing ndeguate pollination. Charts (hgs. 7 and 8) are the best
guide to the behavior of varietics in the districts mentioned. Pro-
tandrous and protogynous varieties hlooming at shout the snme time
may well be planted together.

arly-blooming varietics planted together will have & longer period
of effective pollination than will any one variety in the group. Such
interplanting is helpfuf, though not entively satisfactory in all respeets.
The Iatest blooming variety in the group may go unpollinated if that
variety Is protandrous, or the carliest may do so if that varetly is
protogynous.

Late-blooming vatieties also help each other to some extent when
planted together. They frequently suffer from the same podlinntion
troubles at the same time, and the latest variety in the group,
especially il protandrous, is likely 1o be poHinated inadequately
beeause many ol its pistils may conte out alter the pollen from all the
varieties has been shed,

Late and early varieties planted together may help each other in
unusual seasons when the blooming of all the varielies is ero  lod
together, it commondy their blooming periods do not overlap.  For
this reason the combinntion of late and early varietics is not recom-
mended unless intermedia te hlooming varieties are planted with them.

The best groupings combine intermediate and early varieties, or
intermediate and late varicties, or all three. With those combing-
tions the latest bloomer, if protandrous, is likely to suffer and should
not be planted in large quantity, especially in districts where o
natural tendeney to protandry is likely to be accentuated by the
climate,

Gireat vartation was found in the viability of walnut pollens.  The
percentage of viability of the specimens tested ranged from 0 to 80
percent, the average being 23 percent.  When exposed to the air
under conditions similar to those in the field, polien graing deteriormted
rapidly. For this reason, pollen remaining upon the branches or
folisge eannot be considered important in the commercial production
of nuts.

For suatisfactory production an abundance of polien 1s required.
Vast quantities of pollen are frequently produced by the wainut, bus
its viability is often low. Many of the catkins may be destroyed hy
frost, rain, log, insects, or disenses, and there is greut waste of pollen
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in distribution. Young trees tend to produce fewer catkins than do
old omes. Certain variefies, however, produce few catkins at any
age.

Tests to establish the distance pollen is carried by the wind indicate
thiat in [avorable weather it will be carried effectively through at least
several rows of trees.

Experiments show that the greatest receptivity in the development
of the stiginas occurs when the stigmatic fluids are being sccreted
most actively,

Parthcnogenesis sometinies occurs in the walnut.  In certain varie-
ties a. small percentage of the pistils has been lound toc mature nuts
without pollination.
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