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+ : INTRODUCTION

in surveying Ameriesn ond Chinese chestnut trees for chestnut

blight severity, ﬁ_qgestinh arose as to whether or not speecimens
were true apecies or hybrids. dhmus-(fgpg} hns reported on the

-

morphology of the.gi?ndhlpr hairs of Castanes spp. and from this

study there pnpe-r to be differences in the glandulsr hairs of the
species (Opstrnesr. However, it is difficult to use the reported
differences for prnetienl distinetion of true species from inter-
spreific hybrids of C;Hﬁﬁﬁﬂﬁ (Graves, 1961). A preliminary exami-
nation of the lerf surface of Crastines lenves under the sesnning
elechtron mir;l:u&:r:u pe (SFM) reverled thet there nre essi ly discernible
differences between the glandulsr hrpirs of species of Crstonen.

Tsing the dissecting microscope and the seceanning electron mieroscope,
we undertook A systemstic examinntion of the lesof surfrcee of the

following species of the genus Castsnea, section Castanea: C. dentsta

Rorkh; C. crensta Sieb. & Zucc.; C. sativa Iill; C. mollissima Blume.
of
Hybrids of C. ssative with C. mollissina and C. crenats and,C. dentata

with ¢, mollissima snd C. crenata wére also exomined. The results

of this study sre reported herein.

MATERIALS AND MEEHODS

Flant "=terizls _
- T .rl - b .. ' +I
A1l specimens exsmined were dried herbs=riam lesves becruse of

the e-se of collecting mnd storing them. Only Tully expionded leaves
were exnmined becruse of their availability throwshout most of the
Frowing sSersoll.

Below is » listing ol ihe specimens used in this study snd

their sonrce of origen:



5.

Specimens of lenves of C. dentata (American chestnut) were

obtained from;

#. Sprouls in the Jefferson National Forest, Montgomery County,
Hi:giqia. e

E..Drchﬁfﬂs loented nﬁ.ffrginiﬁ Polytechnie Iné%iﬁute.anﬂ-ﬁfdté_.
University which were started from various seed 5pur¢eéy

¢, Dr. Richard JnynEE; Gohneticﬂﬁ AgriculturallExp. Stn., New
Hawven, Conn. 7

Specimens of leaves (€. crenata (Japanese chestnut) were cbtained

from;

a, Dr, Richard Jaynes

b. Virginina Palytechnia Institute and State University Arboretunm,
Blnacksburg, Virginia.

¢. Crmpus of West Virginia University, Morgantown, Wesl Virginia,

Specinens of lesves of €. sativa (Furopesn chestnut) were

obhtsined from:

=, Professor Frnesto Vieitesz, TNepartemento de Hiolﬂgin, Faoultad
de Ciencns, Universided "Snntisgo de Compostela,? Spain.

Professor Vieitez also supplied hybrids of C. sstiva with

C, mollissima »nd C. crenetn.

b. Tr. Richard Jaynes
c. 'Ir. Pruce Givens, Iremetown, West Virginia (West Virginia
Nepartment of fgriculture).

Specimens of leaves of O, mollissims (Chinese chestnut) were

obtrined form trees growing on the caomnus and in the sarboretun
nnd hortienlture farm of Virginis Polytechnic Institute and
Stete Niversity.

Bnecimens of lesves of hybrids of C. dentls=ftn with C. crenats




N

snd C. mollissima were obirined from Pr. Richnrd Jaynes. -
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The herbariun specimens were first examined under o dissecting
miefhééépé up. o mﬂgﬂifi&#ﬁibna of 180 X. ﬁé&#eﬁaffam-ﬁwentylfive.
Lnﬂ¢v1ﬂuﬂ15 of esch spealps were exsmined unﬁﬂr ﬁhe ﬁlsﬂEctlﬂL
mlcrnqcopp for noticesble f94tureﬁ. On both tha abaxial ﬁﬂd adaxial
surfaces, the entire miﬁrib, four aecnndéry véins evenly spaced
from le«f tip to base, nnd the surrounding 19min§ were exsmined.
A1l mtructuares observed couald be found on an sbaxial section of
the lesf st A junetion of the midrib sand o seénnﬂnrg vein. -£;g¥fﬁns
from this »rer of both sun =nd sh~de lesves were selected »nd
removed Tor observation using the semnning electron microscope (AMR-

v o mfe g
900; Advanced letnls R2sesnrch Corp.). The Secffgﬂﬂ were mounted

;?ﬂusing gilver print as An sadhesive, costed with = very thin layer

Cof gold, =nd exmmined nt 10 KeV using the secondary electron

. emission ﬁuﬂe of the S8FH. Pictures were tanken 1o illuastrale ohser-

e i3 - hy aeetine P
it tlﬂﬂ-i: f th-“rﬂ’u worre alce cloming e i' wod & - i’.t'ﬁni Elu&r!mf-i- 1y I “"““"‘
1£1* ) |_I.d-- - . #‘r Frrm, 15.{,-1!1 'Lr r “‘ Covare ,‘.H W o . *._.' - Haa HTH‘ AJNF
ek gy it f.ﬂ- OBSTRY TIDNS
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The WM studies showed Ch<1l there were no discernible differ-

ences in the structure of the glandulsr nnd non-glandulsr trichomes
of lenves within e~ch species. Observsrtions for each species and
hyorids we exsmined -re given below:

GCastrnes dentota

Mpenre 1 is a7 low mspnifiention picinre of the undersurface
of »n *meric-n chestnut. On both the sdexinl #nd bexinl surfrces,
sinnie hoirs were loented predominntely on the midrib and on secon-
dnry veins close to the midrib, hese sinple heirs were very few

in number.



Close ups of typierl glandulsr hrirs of the leaf surface of

C. dentnt~ rre shown in PMigures Pa. and Pb. 'These were locnted on
the lemine, secondsry veins, =snd on the side of the midrib. .They
were Sbundrnt and were evenly distributed over the entire-abﬁxigl
snrface. Howaver, ﬁﬁérﬂ.ﬁhfﬁ few glandulsr hoirs on thelﬂ&éﬁigi
side.

Unstanenr crennta

Fignre 3 is » low magnificestion vieture of the undersurfsce
of the leaf of a Japnnese chestnut. Stellrnue hrirs with numerous
sarmg (12) r~re found on the lowine of the sbeaxisl surf ce.  'The
arms of these heirs are approximately 80 uym in length (Figure 4).
On the nidpxirl surfrece there rre » few stellrte nnd bifid hairs
(Mignre 5) loe=ted on the lamina close to the midrib. '"he abaxial
l-mina of sun lesves wrs densely covered with stellate hairs whereas
there ware not meny on shade lesyes (Couprre Fipgure 6 vs. Figure 35).
Single hairs were secn on bhe midrib and secondrry veins of
the adexisl surface. On the nbsxirl surfree, there were usinple
heirs on the lsauine, secondery veins, and midrib, There were a
moder-te nunber of these siaple hoirs on the sbexinl sarfrce of
both sun nnd shade lesves,

M typierl glenduler heir of C. crennta is shown in Figure 7.

‘these glondualsr hairs s»re evenly -nd abundrntly distributed over
the antire sbaxisl surtsece. 0On the ndeaxisl surface there ore a
nodar-te number of glondulsr hairs found on the midrib and secondary
veins and o few on the lsmina.
The externnl surface of the subsidisry ﬂ&llﬂ'ﬁf the stomates of C.
& g ERrghat 2T i o T

crennty hod small hédes  in them (Figure 7). These hoies are unique

to this species,



Caat=nes antiva

Tipure 8 is a low magnification picture of the undersurface
of a lesf of a Furopean chestput, On the adaxial surface, a Tew
simple hairs were fﬂund along the miﬂrih and the leaf Edge. In

same cagses the ab :Lal lami.n.'i uf su.r 1e 1;t 3 was moderatel cmrered
11,:'!- n.q'!'rr ﬁ% = }F- q‘%#n( l":- l"-l'#-f-ﬂ“ %H.IA {"..ﬂ- ?;“"'}1
with simple, stellate, And hlflﬂ hairsﬂ henens the-hairagwpre found
e 1 FI. Lis {H ¢ -. VAR el ey | Ivj, T

in lesser ﬂhundanﬂe on shade leavés fﬂumpare Pigures 8 and 9). In

ivaw admvokule ¢

other esses, sun leaves did not hsave more s#bllate hairs than shade
lervos T oo x } R el lwifen T em ot
U wher fapon § 84 1.:.111 jrne) “

TurepeTn glands tend to—be predeminately stalked s8 in Figure

f‘

10, They were found on the midrib, secondsary VEinsﬂ T S
ool haat b Ly, g

the ~daxinl surfnce. Also, they were found,over the entire abaxial
I ;
1“_7:&1,-#' ¥

surfce nhundnﬂ%?in"numbﬁr. ﬂkdﬂ1g

Ceatones molliscsima

Figure 11 is a low magnification picture of the wndersurfuce
of » Chinese chestnat sun lenf. There were n few single hairs
on the widrib, secondsry veina, snd laminse of the adixial surface.
The pboxinl surfree of sun lesves wns densely covered with simple
and stellate hnirs (Figure 11). The length of the arms of lhese
stellete heirs was approximstely 150 uym. A typienl stellste hair
of Chinese chestnut is shown in Figure 12. OUhade lesves, in compy -
ison, hnve fewer hrirs (Figure 13). There were no glandulsr hairs
found on the lesves of Chinese chestnut.
Hybrids with »n American puarent

Hyviepher? t'"-

Thers wera ﬂhunﬁﬁngautvll «te hairs on the leaves of the ¢ x i

(Pisnre 19) rnd J x & hybrids (Figure 17). These were nol observed

on =ny of the American lerves we exomined.
) gkt
The glenduler heirs on the C x » ereéss (Figure 19) resembled



%h& glaninlsr hairs on the American psrent (Fipgures Pa. and 2b.).
There were simple hairs on the lomina of the € x A (Figure 19)

and A x € hybrids (Figure 20) wheress the Americsn parent had simple

hoirs only on or very nenr the midrib and secunﬁﬂriﬂ?eiﬁa close

to the midrib,

Hybrida'with.ﬁ anﬂngse pﬁt&pﬁ. i ‘

Gl=ndnl«r hairs on Lhe leaves of hjbrids of'JépEﬁﬁse chestnut
with the Turopesn (Migures 14 and 15) or ﬁmericﬂn.SPEGies (Pigure
16) @id not hsave the lobed chearacter of those of the Japnnese parent
(Mignre 7). However, they did have n smooth surfsoce which did not
nppesrr excessively collapsed by drying like the Japsnese parent
nd unlike tﬁﬂ muropean (Pigure 10) or Amerienn parent {Figures
Pa. and 2. ).

Stellate hairs on the leaves of J x A (Figure 17) snd B x J
hybrids (Pigure 18) were ﬂhunﬁ;h£:J;; on the Jopanese prrent (Figure
6). The length of the arms of stellste hairs on the lenves of the
hybrids me~snred 130 ym for B x J #nd 50 ym for J x k. The length
of the srmns of stellste hairs of the J x A hybrid wns similor to
thet of the Jopanese parent (80 ym), wherens those of the B x J
hybrid were similsr in length to those of the luropesn prrent
(150 ym). The stellate hairs of the J x A hybrids (Figure 17) had
numerous arms like the Japsnese parent (Pipure 4) wheress the stellate
hnirs of the ¥ x J hybrid had 2-6 arms (Figure 18) like the luropean
prrent (Figure 9).

The stomqtes on the leaves of the hybrids with a Japrnese
parent d4id nobt hove ﬁhngﬁgﬁgglon the surfsce ol their subsidiary
cells which were typienl of Lhe Japanese parent.

Add x & le~t wes indiatinguisheble in #l1l features from the

lesyes of 0. dent=la.

o



Yybridse with a RMaropesn parent

PRSTITERGEE 3 1%
The p&ﬁ&:ﬂiﬁétﬁTj stalked charascter of the glandulsr hoirs
on Wurqpﬂﬂn ﬁhﬁﬂfﬂﬂt leaves W lost in the K x J hybrid (Pigure
ﬁ{,a&l‘*"‘ﬂ?f"f;‘*ﬂﬂ B X G hybrid (Migure ) s

s W ek }'}_r .-uv-.
-_Ikeﬁ glﬁnﬂulh_.h irs on the lnminﬁ+ﬁf the L * G

IThérﬂ wérv 1bund"nt htellFtF and simple haira on the lamina
of the B x J (Figure 18) =nd B x C hybrids (Figure 22) wherens
the sun lenves of most of the Huropesn chestnuts exsmined hed only
a Tew stellste and simple heirs (Figure 8). Sun leaves froi one
Europesrn chestnut were Teoirly densely covered with stellste #nd
gimnle hairs. Afnother had a modernte number of stellate, bifid,
and simple hairs (Figure 9). The nrms of the stellste nnirs of
the ¥ x J »nd B x ¢ hybrids were approximetely 130 um long which
is similsr to the length of the arms of fthe stellate hairs of the
Tnropesn nerent.

Hybrids with o Chinese psrent

There were glondulsr hairs prescnt on the &0 x ¢ (Pigare 20),
C x A (Pigure 19), snd B x C hybrids (Figure ??) whereas no glandu-
lrr hrirs were observed on any owre Chinese chestnut leaf. There
were 2n abundont number of glondular hoirs on the C x A hybrid
where s th A x C hybrid had only =2 few number of plandulsr hairs
(Comnore Mipwres 19 and 20),

The orms of the stellate heirs of the € x A hybrid were

shorter (100 wn vs. 170 um) thon those of the ¢ » C hosbrid.

DISCUSSION

The observoiions presented sbove show th € Americnn, Furopesn,
Chinene, and Jsapanese chestnuts eon be orsily diatinguished from
hrhrids between the Weuleorn and Qeient:s]l chestauts. The Americad
chestnut lerves loacked stellate heirs, which were found on its hybrids

T



with the Chinese snd Japrnese chestnuts. The predominstely stulked

chorecter of the gl=ndul r hairs on the Buropesnn chestnut dis-

.appP"rPﬁ in some of bhF Flﬁnﬂulur heirs found on #l1l of ;ts hyhrida

with hhe ok p*nP:P and GningsP uhwatnufha Mhe Chinege Qhestngm

flvﬁvPs lﬂgkaﬁ #lﬁndglﬁm‘hjfrﬂ, whiéh-wﬂrﬁ fquﬂé ﬂﬂ 1ﬁb hfhniﬁfa
QW1th +hu ‘urnﬂﬂﬂn ~hﬂ AMﬂrlnﬁn cheﬁmnutssl Thp lobed chnrﬂctar

:ﬂf the el ndul v hnivs of thﬁ anaﬂuﬂﬂ uh?stnui disnppesred on the

glondular.-h-irs of 1ts hybrids with the Buropesh and American
chestnnts. There sre sdaitionsl ch:rscteristies distinguishing
pare apecies from hybrids which need not be repested here, The
distingnishing ch:racters discussed nbove esn =11 be discerned
in the discsereting or compound wmicroscope.

We 4id not ex mine A grect nomber of individunl hybrids nor
~11 of the nosaible combinstions. However, in the hybrids we did
examine, there were some chorscteristies indiestive of the perent
species, The glondulsr hairs of hybrids with » Buropean psrent
were observobly strlked. Hybrids with # Jrpunese porent hed
glendnl-r h-irs with » smooth, spuerently firm surf:ce. Those
hyhriis with -n taericon prreat h d spparently unst lked »nd parti-
“1ly coll psed glirndulor hairs, The stellate orm-length of hybrids
with either - Buropesn or Chinese prrent were long (150 um), except
for the C x A hybrid (100 wn). The stellrte nrm-length of the
J x & hybrid w s 50 ym, simil r in size to the Japunese prrent
(80 wyn). Phe number of ~rus of sbtell: e huirs of the J x & hybrid
w a8 the srae as ihe J prsnese porent wherens Lhe T x J hybrid was
the s+ me =8 the Tarone:n parent. Observ tions of fixed, ecritical
point-driai moterisl might provide nore evsily distinguish: -ble
chorenlers, However, we foand no cher: cters waich distingaished

Jd" X ' hybrid from the Americrn prrents.

8.



Comus' (1929) deseription of non-glsndulsr heirs on Aueriean

When she referred to “regular hairs®

chestnut levves is.

» - d i

ambigions.

- ; ' I ¥ L)

h-irs i1 not ﬁeﬁiﬁf'fhéir setunl ahipe.,

Camis stntes bthnt glanduler hpirs sre locking on the abaxiesl
gurt-er of adult lenves of Jrp-nese chestnut, OGr:ves says thet
thear glonds »re ‘plentiful®., We slso found this in sccordnnce
with Greves. Comus' drowings of the glrondul-r hoirs found on
J=n nese chestnat lesves ncenr-tely depicts their shape as observed
with the SIM. Her ﬁéncriptiun of stell te nnd simple huirs
corresponds with our own observitions. |

The Ltr-nslstion of Comus' work on Buropesn cheatnu% wis not
completed £t this time. 1

Crmus reporls the ssme observotions s#s Gr:ves s#nd ourselves
in her deseription of the lerf surfiece of moture Chinese chestnut

lewves, In this species, she =appe:rs to distinguish between sun

and gnole lasyos,

9.
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20 A %' 0 hybrid x 200. Lower 31 ’1; T x € hybrid x 2000. ' Gland.
epitdermis of mature leaf, showing ular heir found st the junciion of
gizndgley Herirs And simple =nd-stel- gecondsry vein and FiligR T the ab-

Tatd ShaEsen o axiul gurfece of A watoure Lest,

7 % yrid w BE0., iy
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2. Xeys to Chestnut Species, Arthur Hurmount Graves. |
Reprinted from Northern Nut Growers sssn., Inc. 52nd. 3k
Annusl Report, 1967. :
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