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freight-train ahead, may be regarded as of 
great importance to the American railroad 
system, in a manner crowning the eclifice, and 
enabling roads to be operatecl with greater 
speed, safety, ancl regularity. 

(Tobe contimced.) 

THE INFLUENCE OF GRrl VITATION, 
MOISI'UI2E, AND LIGHT' UPON THE 
DIRECTION 01" GROWTH IiV THE 
ROOT t lND STEM 017 PLANTS. 

~IE~IIBERSof my present botany class have 
performed some experiments this spring, bear- 
ing upon the above caption, which, although 
not cleveloping any thing new in the interest 
of the extension of experimental methods in 
the lower schools, it seems to me may be 
found worthy of a record in tlie columns of 
SCIENCE. 

Seven balls of moss, about four inches in 
diameter, were prepared, in the centre of which 
were planted from fifty to a hundred' grains of 
oats, barley, or corn; in some cases a mix-
ture of two of these grains. 

hTo. 1 was suspeiidecl in Dee air, lighted on 
all sides. No. 2 was placed on a glass tun]- 
bler, in the bottom of which some water was 
kept, but not enough to rise within two inches 
of the lowest part of the ball. No. 3 was fit- 
ted into the mouth of an inverted bell-glass in 
such a manner that one half of the ball was 
within the jar anel one half without it. No. 4 
was placecl one half within ancl one half withont 
a bell-glass placecl in a horizoiital attitude. 
No. 5 was in a tight till can, the ball fitting 
it like a stopper, so as to exclude the light 
ancl to prevent a circulation of air. One-half 
of the ball protruded from the can, and the 
can was inverted. No. 6 was placecl in a 
can similar to that of no. 5 ; but this was 
placed in a horizontal attitude, as in no. 4. 
No. 7 was mounted upon a spindle running 
through its centre. The spinclle was attached 
to the stem of the minutc-hand of an eight-day 
clock in sucli a nianner that tlie axis of the 
spindle as a continuation of the axis bearing 
the minute-hand of tlie clock. The spindle 
was a piece of one-eighth iilch brass wire hav- 
ing a strip of tin soldered to one end of it. 
The tin was ycrforatecl with a square hole, 
exactly fittino the shaft of tlie minute-hand of 
the clock. %he other end of the wire mas 
filed down to form a small journal, which morltecl 
in a hole bored in a lump of solcler securecl to 
the end of a wire which acted as a support to 
the distant end of the spindle. This snpporting 
wire was first bent doable, forming a narrow 

V, and the solder, which serred as a box for the 
joarnal, clropped in the vertex. The two arms 
of the V were then bent L I ~ O I Ithemselves in the 
same direction so as to form a right angle with 
the plane of the V. Two holes were bored in 
the frame of the clock above the dial, but close 
to it, ancl the arms of the bent V inserted. The 
minute-hand was then removed from the clock, 
and also the washer behind it. The tin shonl- 
der of the spinclle was then placed upon the 
shaft, and the minute-hand replacecl ; the 
shoulder serving in the place of the washer, 
which hacl not been I t  was only 
necessary to shorten the penclulum a little to 
enable the clock to recorcl time with its usual 
regularit-. 

The results observed after germination were 
as follows :-

I n  no. 1 the stems all came out in a clump 
a t  the top of the ball, and the roots in a cluster 
from the under side. The roots, however, 
after protrading from half an inch to an inch, 
curved upon themselves, and re-entered the ball, 
or else withered. I n  no. 2 the stems all came 
ont at  the top, and the roots at  the bottom ; but 
the roots in this case continued straight clown- 
ward into the water, no one of them turning 
back into the ball. I n  no. 3 the plants cle- 
ported themselves in all respects as those did 
in no. 1, except that the growth was very much 
more rapid. I n  no. 4 all of the stems except 
two canle out of the ball into free air :  two 
grew horizontally into the bell-jar, A !arge 
cluster of the roots came out of the ball and 
entered the jar, and continuecl to grow horizon- 
tally, only depending so much as was neces-
sary by tlieir own weight. Others of the roots 
emerged from the lower side of the outer half 
of tlie ball, but soon entered it again. I n  no. 5 
all of the stenis came up in the clark, clamp 
atmosphere ; and the roots emerged. from the 
lower side of the ball, but re-entered it again, or 
else perished. Many of the stems (oats in this 
case) threw out a pair of opposite bodies, ap- 
parently secondary rootlets, which grew hori- 
zontally, i11 all cases observed, to a length of 
about one inch. The color of the stems in 
this case was a pale xellom. I n  no. G all of 
tlie stems came from the ball upward into the 
light, and very inally of the roots protruclecl 
horizontally into the can, some of them leav- 
ing the hall above its centre. A corn-root 
extentled itself horizoutally four inches beyond 
the surface of the ball, and in that distance 
was only depressed one-half of an inch. On the 
corn-roots back of the sensitive tips, thc deli- 
cate root-hairs were so numerous and long as 
to give it a resemblance to the hair-brush f o ~  
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cleaiiing lamp-chimne~ s. I n  this ball a num-
ber of roots also emerged from the lower side 
of the ball, but only to re-enter it again, as in 
the other cases. I n  no. 7 stenls anel roots 
came out together indiscriminately, and from 
all sides of the ball ; the roots, however, 
after protruding from half an i~lch to an inch, 
re-eateriilg the ball or withering. This experi- 
ment was twice repeatecl. I n  the first case 
more stems appeared from the side of the ball 
away from the face of the clocli, aiid the greater 
nnmber of roots macle tlieir appearance on t l ~ e  
opposite side of the ball. I t  was observed i11 
this case, ho~vever, that the spindle slanted 
about two degrees ton~ard the clocli. In  the 
next experiment the spindle was made hori- 
zontal, aiid no difference as to place of emer-
ging of root and stem was ok)ser~cd. 

These experiments ill comhi~iation appear to 
show mith clearness the influence of moisture 
and gravitation in deterlni~ling the course of 
the root, and to suggest that the iaflacnce of 
moisture is the stronger of the tnro. 

The emergence of the sensitive tips of the 
1)riinary roots froiii the damp ball illto the dry 
atmosphere I suppose Darwin wonlcl have ex- 
plaiaed as the result of the persistence of the 
impressions in the root behind. The horizou- 
tally estendiiig roots in the damp atmosphere, 
both darli ailel light, suggest that the response 
to gravitation in both cases was nil. 3lay it not 
be true tliat the dingeotropism of roots is such i11 
no other sense than tliat of direction of grorvlh? 
that i t  is i11 reality simply a growing toward 
the proper amount of moisture? This would 
appear to explain the oblicpc direction of sec-
onclary branches, and the largely indifferent 
direction of tertiary ones. The balls ill the jar;. 
placed in the horizontal attitudes iildicatc that 
the steni does not grom simply in a direction 
opl~osite to that of the principal root, for they 
were tnriiecl toward each other throagh ail angle 
of nearly niaety degrees. The two inverted 
jars show that the steins did not scelr a clry 
atinospl~ere, for ill both cases they grenr up 
into that ~ r l ~ i c h  The inrertecl was more moist. 
darli jar shows that the effect of the iillpact or 
absorption of light on the lower half of the ball, 
and the absence of these effects upon the upper 
half, did not produce a snficient co~itrast to 
guicle the stem into the light ; but since, of the 
two jars placed in the horizolltal attitude, only 
the ball in tlle moutl~ of the glass one sent 
stems into the jar, it seems l~ossible, since 
other coi~ditions were alike, that light inny 
exert a small influence in guiding the steiils 
from the ground. F. 11. I<ING. 

River Falls, \Vlsconam, May 17, 1883. 

S O A f E  GLACIAL -4 C T l O N  IN INDIANA.  

TVITH members of my class in geology, 1 
have been esamiiiing the glacial deposits in 
this vicinity (Montgomery conaty) . Our chief 
water-course is what is called Sugar Creelr, a 
tributary of the TFTabash River, nhich occ~pies  
a valley ~v i th  a general south-westerly bearing, 
~~ir tual lythc same trend which the Tl'abash has 
across the state bef'ore it makes its sharp bend 
to tlie sonth. Along the valleys of the \\-abash 
and Sugar Creeli, there are abundant evideilces 
of a glacier which mo~~ecl in the direction of the 
valle~x, ancl is linomn as the Lake Erie glacier, 
as it aclvancecl in the direction of tlie axis of 
that lake, and so a p  tlie Maumee, and across 
the low divide at Fort TFTayiie, illto tlie TVa1)ash. 
Sugar Creelr itself has been con~pelled to bencl 
sharply to the south a few miles to tlle west of 
us by the cleposits of this old glacier, and has 
cut its new channel througli the soft snbcar- 
boilifcrous sanclstone. A t  one place in this 
county, ~vliere the creek still occupies its pre- 
glacial 3-alley, il cuts through what v e  for-
merlj- considered a large ter~llinal moraine, 
~vhich lies squarely across the alley. Recent 
floods have s\vept away some of this moraine, 
and laic1 hare the country rock. This ~ o c k  is 
fouilcl to be smoothly plzuled, ancl al\,solutely 
covcrecl with glacial scratches all trendiug 
S.20" ITT., or almost at right angles to the 
~ a l l c yof the creeli at~rl the coursc of the former 
glacier. These scratches of the secontl gltlcier 
are nom found in many places throngi~ont tlie 
county ; ancl our olcl terminal moraine proves 
to be a incdinl inoraine, ailcl bears upon its back 
a line of huge bowlders ~vitli the same north-
wester11 trend. These facts are recortled liere 
ill the hope tliat the3 may be of some use in 
the consicleratioii of a much-3 csed question. 

JOHY31. C O T ~ ~ T E R .  
TVabarli Collcgc, C l a w f o ~ d r ~ l l l c ,Ind. 

Z'I3E UhTITED S T A T E S  F I S H - C O M J f J S - 

S I O N  SII'EAML'IL' ALBA TILOSS.  


I 
Pxor:ai~r,u no clepartinent of scientific inyes- 


tigation has made greater progress in its meth- 

ocis of norlr d u r i ~ ~ g  
tlle past ten years tlia~i 

that of deep-sen research. The snccessf~~l 

introcluction of steel piano-wire for souncli~lg, 

and of wire I-ope for clreclging purposes, innrks 

a new els& in this class of exploration, for 

which credit is mainly clue to American skill 

and energy. Wliile claimilig so much in behalf 

of our own co~ultry, me frankly acB11oaledge 

that the only feasible method of using souud- 



