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The Bulliform or Hygrosco1lic Cells of Grasses and edge comparetl/ 

W .• J. BEAL. 

( WITH PLATE X . ) 

As so little attention has been giYen to thi topic, it will be n«'c­
es ary fir t to describe b1·iefly the leaf of a g1·ass. In g<' IH-'ral it 
consists of a sheath encircling the ~tern, and a lamina :preading 
from the upper part. of the sheath. Tlw blade is travers1•d long­
itndinally by fibro-Yascular bundles which Yary mllch in size and 
degree of perfection. In viewing a magnified transver ·e :-,ection 
of a mature leaf of E>sleria (fig. 1 )~ we see: e, an onter envelope 
of cells, the epidermis; b, tbe median fibro-,·ascnlar bundle: h, h, 
lateral bundles; a, the lo,ver median strand of hypodermai :fibel' . ..,; 
d, the upper median trand; a, d', the lateral strands. The other 
cells are parenchymatous, mo t of them containing granules of 
chlorophyll. The vacancy, -i, i the lacuna, cau. eel by the rupture 
of some cells. In aquatic gra. ses the lacunre are ,Tery large. 
The epidermal system consi t of: a, epidermis proper; .t: g, bnlli­
forrn (bli ~·ter) cells; a, tomata; d, trichome:,. 

Of the bulliform cells I speak more particularly. They are 
in longitudinal parallel lines, are larger, extenJ fort her into the 
leaf, and have thinner walls than orclinary epidennal c<'lls. They 
are usually more or less wedge- ha peel, '"i th the point of the 
wedge towards the outsicle of the leaf. "\Vhen dr~·, tlw e cell. 
contract and aid in closing the leaf in two nr three way ; when 
moist the leaf expands a(J'ain. In Zea :\Iay:, (fig. 2) th(•se cells are 
rai. ed aboYe tbe others and puff ont like a blister. YVhcu viewed 
on the surface of the leaf the bulliform cells are u 11alh- een to 
ha,·e the proportions of length and width DlllL'h like tl;o~e next 
to them. 

The number of rows in a species appears to be always uni­
form, but the number varies with the speeie._ from tbr"c to tweh·e 
in a band. If there are many rows the cell:-; al'e hallow: if few. 
the eel] are deep; if three oo l_,·, those at the side ar<' small, and 
the middle one i very large. The arrangement or plan of these 
cell is quite con tant in a species, but in a gcnn.' they often vat·)· 
widely. . 

The following example will give nmc notion of ~he \·ariety 
the . ection being made in the wide ,t part of tbe leaf : 
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1. The lea Ye of Dactyli glomerata have one median band 
(fig. 3). 

2. In Ch loris petrrea there i one middle band, and one or 
more on eich :ide. 

3. The leave: of Poa pratcn. is have two bands, one on <'ach 
ide of the middle (fig. 4). 

4. ndropogon .-q uarro us ha one band each ide of the 
middle aud a small one at each edge. 

5. The leaf of Phlenm pratense ha· one band of everal . hal­
low cdl <'ach side of the middle and other. between the vein 
(fig. 5). 

6. The leave of Z ea ira" have a band between each t,ro 
primary bundles and above each third cla. bundle (fig. 2.) 

.F:G. 10. 

7. The leaf of Leel':--ia oryzoides ha- numerou band on the 
upper surfa e each side of the middle, and one band each . ide ~f 
be keel on the lower .... ide (fig. 6). 

The leaf of Amphicarpnm Pur:--hii ha oppo ite band. of 
bu1liform cell· on both urfaccs, thouo-h tho e above are mot 
prominent (fig. 7). 

9. In ca e of the letl\'e of Panicum plicatum the band of 
bulliform cell are fir.-t 011 the upper . i<le and then on the lower, 
and ar found in g1·ooye · (tig. ) . 

10. The leaf of ... ndropocron prinoid ha ]urge epidermal 
cell of nearly uniform . ize di. tributed all along the urface, 
excepting over the vein (fio-. 9). . 

11. 'I he leaf of Pa-,pal nm pl icatum ha a v ry irregular epi­
dermi::-, with group:, of eel l. in the center of the leaf, ever::rl 
above each othe1·, as well a · -ide l>v. idc, all a ting a bnlliforro 
cell (fiu-. 10, text). -

In vernati_on the leav . take the ame po ·ition a· when fol~ 
grown an<l dnerl, thouoh the bulliform cell at that time a re ver) 
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. mall. The lea\'e, of Dact 1 li . an l Poa praten i are <>onduplicate 
when . lowly dried, while tho, e of Phleum arc convolute. Th 
l~ave of Panicum plicatuni, when dry, ·lose in a zigzag mannC'r 
like a fan. The object accompli hed by the closin or rolling of 
the leave i to cover one nrface and a . i tin pre\' ntino- exce ivc 
evaporation in drv weather. .. 

The example~·here cited belong to variou o-encra and tribe · 
of gra. e , au<l give a fair idea of the varied form. of bulli fr>rm 
cells, thongh these are by no mean all the varietie that might be 
hO\n). 

In a similar manner let us now glance at . ·omc of onr common 
pecies of Cyperaeere, and compare them with ome leave of 

crra c . 
1. The leaf of Cyperu. rotnndu , var. H ydra i narrow and 

thin, having a ·ingle <1ecp band of bulliform ell above the 
midvein (fig. 11). The epidermal cell~ are rather large and nearly 
uniform in ize. The b11lliforru cell are much like tho e of 
Dacty]i.· o-lomerata. Th epidermal cell· on the upper ide are 
much larger. 

2. In ca e of Ky 11 ingia p11 mila the upper cpidcrmi' occupie 
11early half the thicknes of the leaf, the cells above the mid vein 
being carcely larger than tho e on either ide (tier. 12). Thi leaf 
may be compared ,vith Andropogon pri noidc:-, though in th 
latter ca e the epidermal cell. over the Yein are ~mall . 

3. The leaye of Heleochari , so far a. -een, haYe leaf­
blade which arc \·en· ·mall or ruclimentan·. 

4. The leaves of cirpu ylYe tri. "'are wide, with UHlllY 

vein , oppo ite each one of which, aboYe and below, ther i ' a 
<lepre ..... ion. There i, one band of about eivht c ll above the 
midvein and the c have only a moderate depth. The epidermal 
-cell are rather run11 and can ·carcel v act a' buJliform ell~. 
The leaf much resemble - that of Dactrl~ crlomerata but the bul-
liform cell are not o deep. · 

5. The blade of cirpu: valiclus, the great bulru-h are very 
hort, almo t rudimentary. The lacunre are ]ar~e am] near the 

u1 per , urface of the leaf. ·The cells of the upper epidermi a , well 
a everal layer belo,,· are rather small thin-wall~d, not Yaryiug 
much in ize. II of thc ,e mall cell" act a bulhform cell and 
the leaf become convolute or involute when drying. 

6. The leave._ of Fimbri tyli autumnali (fiv. ~3) hav a 
thick epidermi of one ]ayer of thin-wall_ed cells, which extend 
nearly to the lower , ide of the leaf. Th 1. much resemble~ the 
leaf of ndropogun prinoides thonr·h in the lntrer the cell o,er 
the vein are mall. 
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7. On examining a leaf of Eriophornm Virginicnm we ee-
hat it i very thick, with many vein. and lacunro. The epider­

mi i compo. e<l of small cell ; the single band of bulliform cell-= 
over the midYein con i ts of about eight ro,vs of con, iderabl(' 
depth. The epidermal and bulliform cells are much like tho c of 
Dactyli. glomerata. 

In Fuirena squareo a the cell of the upper epiderm i.­
extend about one-third the depth of the leaf and arc somewhat 
uniform in size. There is no special enlargement of these cell:­
above the mich-ein. The epidermi is much like that of Fim­
bristylis autumnali and K),Jlingia pnmila among sedges, and 
.Andropogon prinoide among o-ra .. c., except the cell above the 
leading vein are as large a any, while in the gra s they are very 
mall over the vein,. 

o far the examples of leave of sedges noticed belong to one 
tribe, cirpere. 

9. The leaves of Rhyncho, pora eapilla<.:ea (fig. 14) are vcryr 
narrow, with a few vein , mall epidermal cells, and a hand of 
bulliform cells reaching more than half ,vay aero s and extending 
nearly one-third the depth of the leaf. Thi may be compared 
to a very narrow leaf or the apex of a }paf of Dactylis. 

10. The leaf of ladinm mariscoide. i ~ rather thick, becom · 
ing thinner at the margins and toward the mid vein. The epi­
dermal cell· are mall and have thin walls; there are many layers 
of similar thin-walled parcnchyma cell below the epidermi ·; 
but no di tinct band of bulliform cells. The leaf reminds u:-c 
v ry much of the leaf-blade of 'cirpus Yalidu . 

The la, t two example belong to th(' llhynchosporere. . 
11. The bulliform cell. of 'cleria triglomerata arc much like• 

tho~c < f nrex vulpinoiLlca (fig. 1,5) . 
The followino- ight exam pie are ·eleeted from the large and 

<lifficnlt genu · C~rcx: 
1~. The blade of . ntlpinoidea (fig. 1-3) i. of medium thick­

ne , having about . ix bulliform cell. extending one-third the 
wav to the lower i<le of the broacl shallow midveiu. Between 
the vein. there i · a noticeable enlargement of about . ix cpi<ler-
11:3al cell,, the other ~pi dermal eel I· beinO' rather laro-e. The~e 
~1de ban 1:-, approach in appearance the , idc band in Phleum 
praten e, only they arc le~ di ·tinct. 

1:3. C. laO'opodioi<le ha. a leaf much re. emb1ing the la t, 
but the epidermal c 1 11 · <lo not , how a r . cmblance to bulliform 
ell .. 

1-1. '. Grayii i~ a coar e pecie:~ found in low and wet plai•es. 
The epidermal cells are of moderate . izc; the lacunre are large. 
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f'here is one band of bulliform cells of about twelve row , extend­
mg one-half the depth of the leaf, if the deep narrow mid\'ein 
is not taken into account. o far a bulliform cell are concernrcl 
thi remind u of a leaf of Dactylis glomerata. 

15. C. Pemrylvanica is an early upland edo-c with narrow 
lea ye . The epidermis (fig. 16) i cornpo "ed of :mall cell· . Th rf' 
are six rows in each bnlliform band, and these cxteucl ubonc 
two-fifths of the way down to the lower .-ide of the mich·ein. 
The epidermal and bulliform cell.- remind u · UO'ain of a leaf of 
Dauty lis glomcrata. 

16. The blade of C. utriculata is Ycry thick, narrowing to 
the margin and in the center. The epidermal celL are of mod­
erate size; the t-ingle band of bulliform cell.- numbn· aLout t •n 
and are over the mid vein. This leaf remind' u YClT much of 
that of Eriophorum \Tirginicmn, but in the former the Y<'!-i:iCli; of 
the fibro-vascular bundles are near the upp r urface, while in the 
latter they arc near the lower ide. 

17. In the ,Yide coa1:se leaf of C. Careyana (fig. 17) the 
upper epidermal cells are rather prominent, varying con idl1 rably 
in izc. There is one very wide ban<l of about twenty bu Uiform 
cell. over the midveiu. In the center of the leaf they extend two­
fifths of the distance to the base of the vein. About half ,-..ay 
from the mid vein to the margin of each ·ide of the blade there i 
a longitudinal crest or ridge on the upper ·ide. The prominent 
\'ein at this place has small epidermal cells and hypodermal fiber ... 
On the npper urface on either side of thi- vein and rido-e the 
epidermal cell re emble a wide hallow band of bnlliform cell8. 

1 . The leaf of C. H1tchcockiana i , much like the la~t one 
named, and there are many leave of Carex proper of like 
tructure. 

19. The leaf of C. laxiflora, var. Jatifolia (fig. 1 ) i about an 
inch wide and rather thin. The epidermal cell are somewhat 
prominent. There is one band in the mi l<lle of about ten bulli­
form cell..;, which cau c tbi wi<le leaf to he couduplicatc when dry. 

In the lea,·es of Carex the pitted vc ~el of the fibro-,·ascular 
hun<llc.- are near the lower ide of the leaf. 

It will be ecn thnt all the lcaYe of edo-e have been com­
pared with ._ome one of£ ve genera of ~ra~ e:--. In the edge,, o 
far a . t11died (many o-enera ~f fonr tribe ), I find notl~ing in the 
middle of the leaf to compat·e with that of Poa praten ~1._, Phleum 
praten e Leeria oryzoide , Amphicarpum Pur~hii or Panicum 
plicatum. The buliifot·m celL and other epidermal cells, the 
hyµodermal fibre1,,, and the Jacurn:e yarv more in o-ra ·se. than in 
~edo·e., or in other words, we find a o-reater yariety of form~ of 
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the e cell ~>r gro11ps of cell. in gra. ~e than in edge . Perhap 
we honld expect thi a mo ·t of the ellge. thrive in wet place 1 

where the condition. are uniform, while the gra -. es thrive in a 
much reat r variety of place:. till we fi no a greater differ-
entiation of part in the leave of mar h gra than in the . edge 
()'rowing near thee:! . 

ome of the e character in the leave of gra e and ed e 
may be u eful in de cription and cla ification. 

EXPLANATION OF PLATE X.-The drawings are all diagrammatic and repre­
nt portion of the tranver ·e ection of the leaf. Fig. 1, , e leria crerulea ; 

a, median trand of hypodermal fibres; b, median fibro-va rular bundle; c d/, 
l ateral strand of hypodermal fibres; e, epidermi ; f, hulliform cell when leaf 
i closed; g, ame when leaf i open; h h, lateral fibro-va cular bundle ; 
i, lacuna, X l20 (Douval-.Tonv~) . Fig. 2, Zea Mays, X l7 ( udworth, in Beal' 
Gra es). Fig, 3, Dactyli glomerata, X 3 ( udworth, l. c ). Fig. 4, Poa pra­
ten i , X 75 ( udworth, I. c). Fig. 5, Phleum praten:e, A 20 ( u<lworth, I. c). 
FiO', 6, Leersia oryzoide, X 350 (Douval Jou,·e). Fig. 7, Amphicarpum 
Pur hii, X 25 (, udworth, 1. c). Fig. , Panicum plicatum, X l0 (Douval-­
Jouve). Fig. 9, Andropogon prinoide, Y 50 (Douval-Jouve). Fig.11, Cyperu 
rotundus, var. Hydra, X 55. Fig. 12, Kyllingia pumila, X 55. Fig. 13, Fin:t 
bri tylis autumnali , X 55. Fig. 14, Rhyncho pora c::ipillncea, X 55. Fig. 15r 

arex vulpinoidea, X 46. Fig. 16, C. Penn ylvanica, X 55. Fig. 17, C. Carey­
ana, X 55. Fig. 1 , . lax.iflor::i, var. latifolia, ),,.55. 

Hieroc11loa boreali '. 

WA L'rER DEA • E. 

... vi it at Rye Beach, ...... H., during the month nf - ngu ·t, 
I 6 and an acquaintance with an Indian namrd . \1.bbati., Dana, 
who camp· in the town every ummer ancl ,·t,ll ' ba~kl't:- and other 
article~, have given me . on1c intere ·ti110' facts in rcgarcl to t!rn 
l-Iierorhloa boreali~, or Holv Gra,;. It is on of our wid,I~· cli--­
tribnted o-ra, .~e rnnO'in{l' o~er the northe rn half of the nitetl 

' 0 
tate.~ and northward. In thi. ection 1)f the counlrv. ea tern 

~ T w England, it i. o-cnerally fonnd near tlw ·ea :-;hore, ~1~d i._ one 
of onr earlie~t flowerinO' gra · r . I havE' collect cl it in the nrnl~llc 
of .1: Iav and, at that time, only the culm ri ·· in<.,. fr,Hn the er '<•prna-

• ' h t 
root- .... tock:-1 i·· vi. ible. Later in the .:pa ·on, from the ::une r<!0 -

tock~, at interval · of two or three inc-hes there grow radical 
leave in tuft. Iu the month of ,Jul and' llO'll:--t thr.-r l<'a,•r: 
reach their foll heiO'ht. Thelen th o·f the (J'ra ·, nrneh :-;urpri ·:d 
me, as I can find no mention made of it. I . aw it three feet 11l 
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