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< LETHOD FOR DLTERUINING $°5D VILBILITY BY

ZLECTRIUAL COIDUSTIVITY IasURI dms.
I. IZTRCODUCTION.

The first use of electricul conductivity in physiological re-
search dates buck to 1836 when lduard 'Jeber (1) at Falle studied the elec-
trical resistance of the oody and tue effect upon it of temiercture and
moisture. Following him, came du Bois Reymond (2) with his studies on
the resistunce of muscles; Ranke (3) who siowed that the resistince of
plant and animal tissues decreused upon dezth; Stewart (4), Roth (5), .
Burgarszky aud Tangl (6) wao studied the resistance of red vlood cells;
and many others who need not be mentioned here obut whose wrk will Dde
found discussed In any good standard textbook.

0I the numerous recent wrkers, only a fev will be bdriefly re-
ferred to. Osternout (7-11), throuzh his thncrcugh studies on the resist-
ance of living and dewi tissues of severul marine algae and Fis conclu-
sloiis based on these studied cos 2. indirsct meuns of measuring permeabil-
ity, guve a big impetus to the use of cunductivity wethods in Mpsiolori=-
cel provlems. “reen and Larson (1l2) and Jehunson ana Green (1ld) in their
work on tne conéuctivitr of ovacteriual und yeast cell susrensions respect-
ively s owed tizt, at deuth of these orgunisus, a change in resistance
took wvlace cue to an alter-.tion in the permeability of their membranes.
Such r:ea as Veshourn (14-15), Tayler and Jcree (16), Hiobaurd and Chap-

1un (17), aad Green (18) deserve mention as having rune electricul con-



ductivity methods &accurate and attrzctive in the investig:tion of many
vhysiological phenomena.

Following Csterhout's irportunt findin:s in his studies on the
Permeavility of Laminuria and especially the difference in conductivity of
living und dead tissue of the swie, Dr. 3. i. Bessey, of the Devart:ent of
Botany, liichigan apricultural Collere, cunceived the idea that electrical
conductance measurenents micht constitute a means of determinine sced vie-
bpility that would be a decided step in advance of the present rethods of
ruming germination tests, which require =zt least several days and, in the
case of some grass seeds, several weeks. Promdtly, work was vecun by Doc-
tors Rossey and INibbard to investigate tiie .roolem susrgested by this idea.
“/hen but fairly besun, the war intervened anu the work was drcpped. The
idea, however, persisted aad iun the full of 1923, aided by the lioverzlity
of the rerry Seed Cowpany in contrivuting a rellowship to carry on the wcrk,
the investis:itions were reswned Ly the author.

The procvlem briefly is this. To determine a correlstion, if
there Dbe any, vetween seed viaoility aud electrical conductivity. If a re-
lationship between the two could ove established, attention would then bve
directed towird making resistince reasuremncnts a nractical means of deter-
mining the percentaire of germination of any sample of seed. It 1s velieved
that a correlation has been found wich is fundanental wnd waich, with fur-
ther amendient and improvement, can de practically used. Vowever, much
work remains to ve done and it is reulized that t'is is but a preliminury

investigation.



II. LGTERLLLS A2 101 0Ds.

A. Description of apparazatus.

Trhe apparatus used was practicallv the sume &s that recormended
oy Hiobard and Zhapman (17) wit. severazl minor changes.  As sicwm by these
autiors, the apparutus is cupuble of grect precision and yet is ecsily op-
erated. The avercge tlie reguired to rake a readineg is avout two mrinutes.

The scurce of current emnplored wus a 60-cycle rotary cunverter
actuated oy the college circuit of £20 volts (D.C.). In ccinection with tke
converter, a variable trunsforuer was eunloyed which cut the current down
to 6 volts (A. C.). This was then led directly to the oridee and gulvanom-
eter. The converter and trunsioruer were nlaced under the taole ut wbich
the work was carried on so as to prevent then from exerting an influence on
the sensitive galvancmeter. A switch wis attached to the side of the table
to facilitate the starting of the converter. Originally, a radio oscillator
vas used as a source of current in commection with a telephcne tuned to the
frequency generated vy the oscillatcr. This, however, wus eurly discurded
because of the difficilty of obtaining an accurate "minimum”" in measuring
hish resistances, aad beczuse it is impossidle to uss tiie telephone success-
fully except in an absolutely cuiet place such as a telephone vooth or in-
dividual lavoratory. An atteupt wes rniade to use the galvanometer as a de-
tector with the oscillator but the lutter did not generute surricient current
tc actuate the culvanometer ceoilse althoush o hirh frejuency and an ex-
tremely pure sine wave such as the oscillutor gives are desiravle, Green (18)
and Hiobard and Chapman (17) have siown that very good results ray be hud
oy using a frequency of 60 cycles.

The bridge used was a Leeds .nd Northrup product @nd was of the



Kohlrausch roller type which has ovroved very sutisfactory wherever used.
The bridge wire is 470 cm. longge The scule is divided into & thousand di-
visions which, in turn, are divided into halves thut cun be read accurate-
ly to a fifth, making the error from bridge readings negligible for all
purposes of this work. By renmoving two plugs, the bridge wire can be ex-
tended where extreme accuracy is desired in measuring low resistances. 1In
this work, the "short" oridge wus exclusively used. Zrior to use, the
bridge had been sent in to Leeds and Merthrup to be calibrated.

The knovm resistances were of the "plug decade type." The plug-
controlled "five decade box" put out oy Leeds and Werthrup has a range of
from,l to 20,000 ohms and an accuracy of 1/20 per cent for all out the
1 ola coils (which have an accuracy of 1/10 per cent), Such a box was used
throusghout these experiments and proved very satisfactory. Care was taken
to keep the plurs and "plug holes™ cleun at all times.

An alternating current galvanometer of the Rowland electro-
dynamometer type was employed to determine when a balance had veen reached.
This instrument, alsc a product of Leeds and Northrup, has proved very
satisfactory. The stationiry coil of the gulvincmeter is »laced in the
main circuit and the swinging ccil across the bridge, just us is the tele-
2hone in the Fohlrausch method. The muximum allowzdle current of the fixed
coil is 1/5 of an ampere for 10 second pcriods;—the vilue Just reached by
the current from the trunsformer. The s:insing ccil hos a naxirmum allow-
able current of 1/10 anmpere for 10 second periodse. Alternctine current
galvanometers of tuis type mnust be vrotected usainst externul electric
fields. The main offender in preducing such a disturbing factor was the
rotary ccnverter until it wus »laced under the table, as previously stated.

A key was inserted in the line runring from the bridge to the swinging ccil.
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This enables the overator to breax tl'e circuit as scon as a deflection
of the galvuncmeter sccle is noticed. After an adjustment of the bridge
is mude, the key is again pressed down to ruke cuntact--just long enough
to get a deflection. This is continued until a2 balance is reached. By
closing the circuit for an instant only «t each trial, the galvuncmeter
is protected and, moreover, errors from heating und polarization are
avoided.

To avoid too great derflections of the gulvanometer, whea read-

(¢]
()

ings were first begun and the difrfer<nce vetween the usknormm resistan
und tre known resistance in the box wus liiely to ve great, & nlug resist-
ancs oox was put ia the :main line to enable the operitor to cut down the
carrent to the stationury coils of tlhe gulvinometer. Usually, a resistoace
of 300 o‘ns wes inserted until, arter two or three triuls, Dalaonce was
apdroached; then tiils resistuncs was tuiren c¢ut tou secure greater sensi-
tivity for final obridgze adjustients.

The electrolytic cells vitimately used wvere of the immersion
type (see figure 3). They vere made vy Zverbach Brothers of /jmn Arbor,
Lichigan, accordiung to the desigus and specificaticns furnished them. For
the first measure.ents made in this work, a U-shzped cell was improvised
with electrodes 1 cm. 11 dailameter and 8 ciis. apart, out tils was soon dis-
carded as the immersion cells vroved better adupted to the work ia hand.

Prior to use, tue clectrolytic cells were thoroucrhly cleaned
and the electrodes platinized according to the nethod reccmmended by
Findlay (19). ‘'/Men ready for use, the cells were immersed in tie solutions
to be measured. The solutions were in P rex beakers wiich, folioving the
addition of the cells, were vlaced in a constant temperature water vath

regulated to 2590, The wuter bvath was esscutliul since terperature craares



produce marked differences in resistance reszdings.

Since all readings were run in pairs, two electrolytic cells
of exactly the same specifications and made by the sai:e nan were used.
These were checxed against one ancther in conductivity water and agreed
to withia 5/10 of 1 per cent, which was close encuch for this work, es-
pecialliy since this error was compgensated for in using first one, then
the other, in muking readinis on successive swunles of seed.

The a naratus is illustrated in fisure 1, and a diagrum of the

"set-up" ultimately used is shown ia figure 2.

B. llaterials.

Only tso kinds of seed were used in this work as it wus thought
better to experiment intensively with a fev sorts than superficially with
muny sorts. Tinothy and red clover were c:oscn as tihey represent two very
comrnon and widely different types of seed-~timothy havings a very large en-
dosperm and red clover none at all. Hurthermore, they are of convenient
size to work with.

The seeds were ootained from varicus sources. Tie D. 1'. Ferry
Seed Comoany supplied 10 pounds of timothy and 10 pounds of red clover from
their 1923 crop. & quart jur of 1915 timothy -vus obtained for the work
from tne sw:e source. Jtteunpts were mode to locate very old seed of each
kind to be used ~ith the highiy germinable sced furaished vy the Ferry Seed
Company in making u, mixtures of different percents of germination. Tue
various attemdts to prucure old sceu proved futile, nu seed older tran 1918
being found in the time allotted. Sorie old class exriolts in the Rotuny
Ruilding were gene throush and, finuwlly, & swanle of red clover dated 1893
yus wicoverad. 7o old tiwothy wus found. The four lots of seed mentioned

formed the nucleus of sesd used in the experiments of this worke.



The germinution or each lot of seed was very carefully deter-
mined. ..fter being thorougnly mixed, 10 samples of 100 seeds euch were
counted out from eacn lot. These were vlaced in mcist chambers znd the
percentage germinution calculated for euch sample; then, the average of
the ten taken as the percentace germination of that particular lot. Beginn-
ing ufter three days, the seeds begun to germinnte and every few days the
sprouted seeds were tz.cen out until, after two weeks, tie finzl counts were
mude. Tre germination percentages for tre four lots calculated, in this
way, follows

Lot 1, 1915 cro) timothy (from Ferry Seed Corpary) --- 73.97%

" 1;‘;2’ 1923 " " " " " " . 89.875
" 43, 1923 " red clover " n " " - 91.6%
"oo34, 1898 0o " (fro: cld Botiny 3Build-)--- 3.67

[ ing sample
Since.no timothy of very lov germination could be found, dif-
ferent methods of killing these secds were tried out--first, by etheriza-
tion; sccond, oy chlorofor:; and, lustly, oy heut. The resi:lts of these
exoeriments are tabulated »delow:

Tavle 1. Tffect of "therization on Germination.

.
.

: average percent geraination (& series) after ex-
: posure to suturated ether vapor (under seuled bell
Seed : jar) for
: 12 hrs.:24 hrs.:36 hrs.:48 hrs,:€0 hrs.:7 days
Lot 1(1915 ticthy) 31.7 ¢ 78,6 : 77.5 : 74.0 : 77.2 : 70.6
Lot 2(1923 tiuothy) - - - - - -3 == 3 == 3 78.3




Taple 2. Zffect of Chloroforr: on Gerninztion.

s overae percent gernination (& series) after ex-
¢ posure to saturated cnlorofor: viner (uuader bell
Seed s Jur) tor
2 days @ 4 deys ;6 duys i 8 darss
Lot 2(19:3 timothy) 71.4 : 71.2 : 52.0 : €3.5
Tavle 3. Effect of TJry leat Dreutients on Germination.
s Percent germinztion after followvin:; heat trezst-
Seed : ments
: 9 days at @ 3 days at @ 7 days at 7 days ot
: 80°%. ¢+ v0Y%c. o B0YC. : 909,
: arr heat : dry heat ¢ dry heat : .ry heat
Lot 1(1915 tirmothy) 15.0 : one : Tone : l'one
Lot 2(1923 timothy) ¢ - - :  Slierht s S5li;ht : icne

The conductivity water uscd throushout tiils work was triple dis-
tilled. The condensed stean froa the college power »~lunt was redistilled
in a Barnstead zutomatic still which yielded water having a specific resist-
ance of 45,0CC olms. This, in turn, was redistilled in an all-glass still
ylelding what shali hereafter be referred to as "counductivity water" of a
specific resistance of 125,768 olmns (or specific conductivity of 7.95x10—6).
althouch not conductivity water in the strictest sense of the word yet it
wes a very pure and high grade of distilled water zud satisfactory rfor
this preliminury investigation.

C. llethod.

Various metinods of handling the seeds vere tried cut but the
method that will be here descrioed is the cne finally adopted. The others
will be briefly mentioned under the experiments discussed farther on. Both
kinds of seed were handled in the sume general way except for mincer dif-

ferences, but they will be sepurately considered.



After working 7ith amounts varying from .5 gm. to 5 gus., the
forner (used with 100 cc. of conductivity water) was selected us the best.
Smaller amounts, while pernups giving vetter results, would hardly be fuir
sumples. A .5 gram sample of timothy conteins vet 7zen 1600 wnd 1800 seels
vhich, icun the seed lots are well mixed, should give a fairly representa-
tive samule froum the standpoint of germinstion. 4 nw.ver of ;5 aran
amounts were carefully welg..ed out on a standard Becker scale, using welirhts
standardized vy the United Stated Bureau of Stundards, aad stored in small
coin envelopes properly labeled.

Then reudy to rua a test, two of the envelopes--the tests were
run in pairs--were opened and the seeds emptied into separate Pyrex beckers
of 125 cc. capacity. The time was curefully noted und, on the minute,

100 cc. of conductivity water was adued to one of the beukers and, after

a three-minute interval, 100 cc. to the other. This interval was nain-
tained throughout until the reading was made. Fifteen minutes after ad-
ding the conductivity water, the solutions were well stirred for three
minutes, an attempt being made to stir both samples uniformly. After
another interval (of thirty minutes) the solutlons were again stirred--this
time for two minutes. Following this stirring, the electrnlytic cells were
lowered into their resnective solutions and the whole allowed to come to
equiliorium vefore the resistance reading was mude. The recding was made
exactly one hour after the addition of the conductivity water.

One gram of clover was chosen as the best amount to wurx withe
Such an amount ccntains between 650 and 800 seeds. A nuwber of samples
were weighed out and stored in preperly labeled coin envelopes just as in
the case of timothy. “hen a test was run, two of the envelopes were

opened and their ccntents emptied into separate Pyrex deukers of 1i5 cc.



capacity. On the minute, 100 cc. of conductivity water was added to one
of tie bezkers and, after a four-ixinute interval, the sw.e umount to the
other., Iimediately after the addition of cenductivity water, the solu-
tion was stirred for two minutes. #ifteen minutes after tris adaition,
the soluticn was agaln stirred for two minutes. The solution wus stirred
for twvo minutes euch time at the end of the two following successive
half-hour periods. The cell wus introduced into the beuker after the last
stirring and, sbortly afterwards--exactly one and an half hours after the
addition of conductivity wuter--the reudin: wus made.

A clearer idea of the methods followed for timcethy und red clo-
ver may be galned fror: the schedules on pages L6 and 24 respectively, which
are the forms in which the data for all tests were recordecd.

III. S RILTITS L2570 REOULTS.

hen tals vork was first oegun, it was thought that the most
logical way to attuck the provlem was to mmeasure the resistance of the
seeds thenmselves, much in the sare nuuner as Osterhout measured the re-
sistance of the Laminaria discs. 3But, when carried into pructice, this
method is besct with difficulties. s rentioned by Osterhout, the surface
of the discs in countzct with the electrcdes 1s a great source of error and
canmot be kept constant. He obviuted this error by holding the discs off
from the electrcdes a shert distance so that the current traveled {rom the
electrodes through a small chamber of sea wvater before reaching the discs.
7ith small seed, such as timothy wnd clover, this is not eusily done. It
was thought that, if the sceds were placed in the vottorm of a small U-
shaped cell and the electrodes lowered down the sides of the "U" until just

avove the seeds, this difficulty wuld be surmounted. But, now, the



difficuity of obtaining uniform packing ¢f the seeds and of keeping some
of tke seeds from rising worward until they rested asuinst the electrode
surface vrescuted itself. One complexity led to another and attention
was turned to discover a oetter nethod. Several schemes were tried Dbe-
fore the method finaully used wus discovered and adonted. In the follow-
ing experirents, the results ootained from these preliminuary rethods are
reported tcgether with the final riethod.

Avperiment 1.

The electrolytic cells used in this work were mude according
to the same desiem cnd soecifications yet it is impoussible to muke cells
so alike thut they will ive exictly the suie resistance reading for a
cgiven solution. So an experiment was cuarried on to check the recdings of
tre cells on hand--four of them--to deter:zine the two cells thet -would
¢ive closest agreement. For tils purvose, sceverael feudinqs Jere tuken,
with euch cell, in conductivity water kept at a constant tomnerature of

593, Tke cells hui all vsen previcusly clewmied und the electrcdes plat-

o

inized weccording to the wusthod reconriended dr Findlay (19). They were
liznersed in 100 cc. conductivity water contuined in Tyrex beckers that
had veegu carefully clecned und rinsed with conductivity water. The beak-
ers containing the conductivity -mter and cells were placed in the water
hath, reg:lated to 2500., fifteen winutes before tle reudings were wade.
Several roudincs were iwle with each cell following the salre procedure.

"he readincs obtained -rere curefully recorded. Comparison of
therm showed thut cells "1™ ana "4" guve the closest irreement cnd rost
constant reudinss. The electrodes of cells "iv und """ siowed bricht areas
where the platinuwag blick had not been deposited due either to inpurities

in the platinun or to dirt that h.d not Leen retwoved frow the electrode
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in the cleania;s. The electrodes of cells "1" and '"4" s-owed 2 uniferm
velvety layer of platinum black und this nust huve wccounted for their
greater constancy. They were used in all further experiments. The aver-
age resistunce of the conductivity water, according to the three separate
readinzs of cell "1", was 125,685 ohms; accordinyg to the readings of

cell "2", 125,851. The difference between the averace reudins of the two
cells is 123 of 1 per cent, which is the larcest possivle errcr that can
result frcm their use. Tials wvas deemed allowabdle in tkis prelimincry work,
especlaily so since relative rather than avsclute resistances were soucht.
Zxperiment 2.

This experiment was perforned to determine the resistance of
the conductivity water used. The conductivity water as previously men-
tioned under ":atericzls", wus triple distilled, the last time in zn all
glass still. he distillate care thrcough the concdenser hot encugh to rid
itself of ammonia vawvor. The water wus ket ia very old five-gallon glass
oottles. After stunding in these bottles (tishtly corked) for two veeks,
the water sroved only .6 of 1 per cent decreuase in recistance. The error
resulting from such a decrease, in reasurements of solutions of 8,000 to
14,500 onms resistance--the working lirits in tiis investigztion--would ove
very swall and ccompatible witn the aims of this gpaper, nunely, to point
cut a fundauental relationships. The error mentioned above was turther de-
creased by muxing up fresik coanavetivity water every six or seven days.

The following tavle gives the results of three readincs with
the tw cells adopted.

Table 4. Resistunce (in ohrs) of jonductivity “uter.
Reading

Sirst : Second : "hird :__‘verare
Cell "1 ¢ 125,709 : 125,649 @ 125,696 : 125,685
Jell "4 125,974 : 125,782 : 125,798 : 125,861

average rezding (octn cells) = 125,768.
Conductivity = L or 7.95 x 107°
1:5768



Iunerivent 3.

Lrfter Jowadoning the retiod of rensurin: the rosisteace of the
seeds thziselves, the natter of relutive sbsorotion mnd excrcticn of sults,
a3 ludicaéed cr eonductivity reusurcrents, w.s considered us a possible
reuns of determining seed viability. Five-tenth grim avcunts of tiothy
were souked in NaCL und FJ: sclutions of varyine ceacentration for difrfer-
ent lengths of time. Tre dry sceds were pluced in un irrovised sicve
mude out of a 10 cu. leuzth of lurre rlass tubing (4 ca. in diareter) with
a p.rtition of parufria seross one exd of it thut was serforuted wvitzn roles
sall enca,"h to Keap the seeds from pirssia~ through. The sieve, contain-
ing the seeds, wus lutroduced into a Denker contoining o definite awuount of
the salt sclution. fter stuading in this n certain leirth of time, the
s2eds were washed by pouring o rivea waount or conductivity water through
the sieve to ramove the sult from the surrice or the seeds. The outside of
the sleve was «lso thoruvushly cleunsed ot the si.lt. The sieve unlus the
vashed sceds v.s tuen nluced in o beaker coataining 70 cc. of conductivity
vater und the eglectrolytic cell (i.:iersion type) witl in the sieve. .Lifter
a short interval, a resistuance resding ves n.de and, therezfter, ut reg-
ular iatervals. The readings measured the resistance of tle conductivity
water plus the sulis excrcted by the seeds »nlus the seeds therselves.

Tils method was unsutisfactory vscuuse (1) it save very erratic
results, (2) re uired too much time, and (3) beczuse it wus difricult to
perfect & techniuue w.ereovy euwclhi lot of seed would be gliven exuctly the
suame tresatment. l.orevver, in some cases, almost all of the seeds rose to
tha surface of the sualt solution zad it was imoossivle to subiierie them.

In other cases, very rev would rise to tie surfuce. This inconstancy, no

acuant, contrisated tcward tve errutic resulils odtained which wvere further
9
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augnmented by the graat wrount of mianipulation.  Altkoucsh very little work
Va3 doeve with this metlod becuuse 0f 1ts complicated nuture and vecause
it rejuired too mch tirme, it is not imorcouble thot o technique could be
develceyed thet culd o.ke it eusicer as rell s shorter, Tt wus desred
advisuble, rovever, tc investigute suie other retilds.
Grpirineat 4.

sactner vethod of attacking the roovlern rrom on entirely differ-
ent ani’le wus unext tried and will ve descrived in this euperiment. It is
the meth.od which, -7itn the nedifications succeuslvelylde:cribeﬂ herein, wcs
finally adonted. The relative outward diffusion of electrclytes fror dead
and living seeds is rde the dasis of determining seed viavility. The steps

~»

in tne develosment of tiis method are token up wider the fellovwing suvdivis-
ions:
&e  The first wvork wsith this method wus done as foliowvs:

5 orom samnles of szed vere put in clewn Yrrex vbeuxers of 125 cc. cupucity
and 100 cc. ¢f ceoauactivity wter —dded. Lfter wun rolf heur, readinss were
oerun and, thereafter, at intervals. These rezdings represent the resictanca
(in ohms) ¢f the comductivity riter »lus the scluole szlts tlt cuss from the
sexds out intc the -voter plus the sceds tlemsclves. Hor the suxe of dravity,

ti:is resistunce is hereufter ref rred to us "solution Resistunce.™ It is in-

w

teresting to note the csradual dron in resistance of the tww lots of seeds
recorded in the table. Lot 1 is 73.9 ner cent viuble timothy; lot 2, 32.8

per ceat viavle timothy. The exneriment was started at 2:05 P.l.

>

Tavle 5. Solution Rssistences (in okms) of 2 lots of
timotnw ot varicus tivee intervals. O

2135 ¢ 305 : 331805 i 4:0b i 6:05 1 7:80 3 Y:lb ¢ 10:15 ¢ 9:00(next)
P Pelie o FPeile 1 Palle R 2 Denie 2 Palie : Palle Celle @ :‘.o‘:o(d;l;/ )
Lot 1 :19076:: 16331 : 15919 : 15575 : 12016:11077 10656 :10529 @ 5484
ot 2 :19291 : 17370 ¢ 17351 : 16320 ¢ 14160:13380 12844 :12339 ¢ 8650




from tie preceding table, it can e seenr that the droo in resist-
ance 1s steud; turcu hout the ciurse ¢ff tle exoeriment sut that, at no
point, was tiere an; arked dirference cetreen tie resistance of tie t.wo
lits, aid thut it toow considerable time for the rinistunce to darov from
19076 tc 8434 obms, viz. 19 hours.

Be Difiusion oif selts i1 water is a cumpuritively sloy “rocess.
It was thournt thut if stirring wvere employed it would nct only bring about
the droo in resistance in u slorter psriod but it rdi--bht wlso wcceatuate
the differences in resistunces between tie tw lots of seed at uny partic-
ular tire., The effect of stirring is ovrougtt out i1 teole 6. The method
used vus exactly the swie us thuet descrived uader "i' excent thut, im-
nedictely after the adiition of 1CO ce. of conductlivity water, the whole
vis vioorously stirred witu a 3loss rod rer five minutes. At the end of
this time only u few seeus remuained on tha surface, thus ocoviating ancther
undesirapble feature o the previous method, for it is evident thut all
sexis snould be subnerced if accuracry is to be obtuined. The experiment

vas started at 10:13 L.

Tavle 6. Iafluence of Stirrins on Solution Resistances
(i1 ohrs) of Mirctty ot Various Tine Intervuls.  o25°C.
H ;\Lo e ° 2, Ve
s 1C:48 ¢ 11:13 s 1i:43 ¢ 12:13 : 1:13 2:13 : 3:13

-
[
.

et 1 : 2359 8628 7761 7176 6344 s 60640 ¢ 6410
Lot 2 ¢+ 16447 : 14883 ¢ 11776 : 11462 Qes0 e 9105 : 8H70

A.comparison of tavles 5 wnd € srovs that, where the solution
of seeds and ccnductivity water is stirred, the resistunce drops at o much
faster rate ana that, «t ans one time, there is a srecter difference be-
tween the twu lots of seceds. Tie crentest differsiice occurs at 10:43 or

ai'ter the seeds hive Leen In thne wuter one-hoelf heure samost os groct o
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difference, “uever, 1is uvooerved ufter t. e one-nour interval (ot 11:40).
It vw.ld o _ear that au hall huar ves too siort o time to expect &n ac-
curate Adiflerence to siov itself in tozs relotive rute of outwird dirfusion

o

or le.cnins of clectrolytes frem the t.ue saivles of seeds especinlly since
the stirriny is done c¢uly 2t the decimin- of the test--ufter that noturcl
diffusion is tre only force operutive in the distrivution of the electre-
lyte thrcush the solution. Jonsequently, it was decided tc lenve tre seeds
in the conzuctivit, water for one heur wiad to stir tie sclution just prior
te reading, cilowing surficient tire, Lowvever, ior equiliprium to ve
estabnlisned.

C. Tre follovin™ tw sc!ednles, tuizen from the record slceets
eot 1n this worh, will stow in the cleurest miuner just hov ond wren the
stirring ves Gune in tre method finully adcepted. Thiis is but a slicht
wod ification of the tetnod of "3". Tre tests, it will ve seen, were rvn
in palrs.

Senedule L.

2:08 = .5 ga. Lot 1 out in obeuker :2:41 - o5 @, Lot 2 put in veaker
with 100 ce. condactivity wa-: with 100 cc. conductivity
ter : weter
2:52 - Solutica stirred 9 Liunutes :2:56 = Solution stirred 3 niantes
3125 = Sclntion stirred 2 miuutes :0:26 = Seolution stirred 2 minutes
3:28 = Blectrolytic cell inmiorsed :0:0l - Zlectrolytic cell in beoker
in sclution :
J:38 - Reuding: 4141 - Reudines
Solut lon Resistancez'949 ohms: Solution DNesistnce=12608 ohus

)

Schedule 2 will ve found on next nase.



Schedule 2.

3:57 = .5 gme. Lot 1 put in vezker :4:00 - .5 . Lot 2 out in beoker
with 100 cc. conductivity with loc ce. cunductivity
water : wuter

[

4:12 - Solution stirred & xinutes :4:15 - Sclution stirred 3 minutes

'

Solution stirred 2 :cinutes :4:45 - Solution stirred 2 minutes

N

-

o
1

Zlectroljytic cell irmersed
in s.lution

4:47 - ilectrelytic cell itmersed
in sclution

2N

G

(@]
!

4:57 - Reuding: 5:00 - Reading:
Solution Resistunce=069Y6 ohms Solution Resistunce=127C0 ohrs

..

Other readings were made with the two lots of timcthy to de-
termine tie constuncy of the readings. ke readings rfor "Lot 1" varied
from 9400 to 100551 ohms; Jfor "Lot 2", from 12337 to 12852 ohas. .t first
glance, these variations apovear tuvo larpe to ve setisfuctcry dbut 7len cne
considers only tne tvo most important svurces of the varistions--stirring
and the taking of seedt sumcles--tley do not seew so. The stirring was all
d. .2 oy hand and all solutions were stirred as neurly alike as 1t wus hu-
manly wwssiovle to do, yet it is not unlikely thut one solution wvas stirred
a little rwore vigorously or, oserhaps, for a little lonser neriod than
another und that, in this way, variutions in readings thaot should agree
were produced. The difriculty oif securing two samoles of seed, from the
swre lot, having exactly the suue germination percentage, cun be readily
asrpreciated; =lso, the varistions in resistance recdings that sould be pro-
duced vy sawples anot having the swne gerwinution percentage. In the case
of lot 1, the diffecrence votween the lurgest :md snullest resistance read-
ings ovtained amounts to 9 per cent of the smullest reading; in the case
of lot 2, to 4 oer cent. These variutioas can oe largely attriouted to the

"personzl error" of the experiment, wiich with the improvement of the method



and the intrcduction of mechanical stirring devices should de materially
decreased.

D. This purt of the experiment wus verforrmed to determine
whether tne drop la resistunce wus caused by the lezching of electrolytes
from the interlor structure or the seeds, or rerely Dy sc.e miner:l salts
adhering to the surfuce of the seeds. The latter wus thought possible,
pecause of the extremely guick drop in resistunce but irorobadble drcuuse
of the constancy, within certuin linmits, of the results obtuined. Yet it
scaned o point reguiring nroof.

The methoed fclioved s the sure w3 in "“O" encent that tle
sceds vere wushew, rior te use, in order to raove ans clectrclyte on the
surfuce cf the sceds. The seeds were pluced in a vezker ith 50 cec. of
conductivity water und vigcrously stirred fer oae zinute to give them a
thoroush washinzg. Thiey were then filtered ofr on ash-free filter naper
znd azain washed oy pouring 50 cc. of cenductivity water over them. The
vottom of the filter paper was uactureu .zid the seeds washed into a

cunie

r - . . .
veaker with u fewscentiruters o cunductivity water. The solution in the

beaker wus mode un to its full amount by adding what remained of the
100 cec. of conductivity water, zud tie euperincant continued as outlined

under "C." The following results were oovtuined.

Table 7. Solution Resistance (ia omas'! orf Timothy Seeds
at end of 1 hour and 6 hour intervels (ufter a
prelininary washing). 259¢.

'

Mige l.rsersed : Lot 1 (73.97) : Lot 2 (69.87)
1 hour : 14,616 : 23,442
6 hours : 10,732 : 14,122

Referring to the schedules under "C", it is sceen that the swue

general relationship of "solution recistunces'™ vetween lots is raintained

in the avove tuble; e.7., ia scheiule 1 mnder "¢'" the resistiance for



lot 1 is 9549 ohms wnu for lot 2, 12,088 ohas; in the preceding tuble,
the resistance for lot 1 is 14,612 ohms ana for lot 2, 20442 ohms. It is
also aosparent, from the resistunce r-.ding at tre ead cf the €~hour in-
terval, that the full in resistunce 1s not so rapid as it is when no pre-
liminary washiag tokes vliace {corspare tavles € and 7). This is proowbdly
due to the luss o7 sults daring: the wushing period.

Bxzserimcent b.

Tharee ways of artificially kxiliing seeds were tested--ctheri-
zation, crlorcoforming, and ary heat. The vest results were oovtuined by
heating in an ove: tur seven days ot 90%:. in the cuse of tiiothy. Two
lots of timothy were xliied in this mamer--lot 1 (75.9ﬂ viable) and
lot 2 (69.85 vizvle). Both lots were put in and tukea out of the oven at
the swue time, receiving the siiie hundling in every way. It was intended
tu use theve artificiall; killed seeds of both lots in muking un mixtures
of varicus germinction percentages frow 0 to 89.33, out before usiag them
this present experinient was undertaken to compare tre: from the stundpoint
of ralative resistince. The rmethod outlined under "C" of ITuperiment 4 wus
used. Ail readings vere made ut the end oi one hour and at a temperature
of 2500.

Table 8. Solution Resistunces (in ohas) of Artificially
iilled Ceeds.

Lot Xumber : gst Tumber
: 1 : P : 5] : 4
1 : 3,963 : 8,245 _: 8,870 : 8,425
2 s 11,933 : 11,732 : 11,380 : 11,852

The tzvle suows that the solutions from the two lots of "deud"
seeds ofler vastly diffcrent resistances to the pussane of on eclectric

current. It s ows, further, trat seeds artiificlaily killed vy dry heat



cannot de used in naking un samples of different percentaste geriination.
Oxpsriment 6.

Tre wethod of procedure described under "C" in Experiment 4
gave such constant readings after man; trials that it -as adopted as the
best ethod found in the course of these investigations. Ian this experi-
ment, it was used in moeusuring tie solution resistances of .5 gm. samples
of timothy of viapility varying from 73.9 per ceut to 89.8 per cent oy
increrients or 5 per cent--i.e., 73.9 por cent, 75 per cent, 80 per cent,
85 per cent and 8Y9.8 »er cent. Since the results of Tuperimeat 5 stowed
that 1t was not possible to use sevds urtiticially killed oy heat and,
since no very old timcthy of low gerainzetion could ve found, it was im-
pussivle to extend tue limits o this renge in germinction.

The samples entiolled aoove vJere riuwie up vy mixing the seeds
of lot 1 (73.9) viaovle) und those of lot 2 (89.87 viaole) in vorying pro-
sortiovns vy welsghte. ©The weivnht of each 1ot of seed to ve used in getting
a2 szinnle of & certain nercent germinction -vas calcalated wccordin to the
formula

x(73.9) +.5-x{89.8)=.5(y), ‘vhere X equuls the (rams of 73.9 per
cent secd to ve used and.z equals the vercentnrse germination desired in the
mixture. For exumple, to find out how many graus of 72.9 per cent and
89.6 per cent seed rust be mixed to secure .5 gm. samsle ¢f 85 per cent
germination, one would -vrite the esuation

2(73.9) +.5-x(89.8)=.5(85)

Solvine, e find x=.151 or the nunbver of crams of sced of lot
one (73.97) trat rust ve used. Then, «5-.15l=.34Y, the nuuiver of grums of

seed of lot 2 (89.8)) to ve used. 3By mixin- these amounts of lot 1 and



lot 2, 2 scmpnle of 85 ner cent germinntion is secured. Three samples of
sach nsrcentage germinsticn vere carerfuily roae up according to this formu-
la,

Tne solution resistunces of the samples o various per cent
germination were measurad occerding to tire method outlined under "o of
ooerinment 4, All sumplas were stirred as uniformly os possivle and, to
insure this, the strcekes miwds with stirring rod were timed. rFort/-five
strokas were made per gquarter nminute aad, ot the end of each such period,
the direcction of stirring 7as reversed. The results obtuoincd are tabulated
in tavle 9.

Tapble 9. Scluticn Resistunces of Wirothy. 259C.

: 'ast :
fer cent cersiinction 1 : 2 : 3 s Averaoe
73.9 10,331 9,400 9,435 9,772
75.0 : 10,080 : 9,930 : 10,070 : 10,027
30.¢C 2 10,617 : 10,998 : li,las : 10,913
5.0 i 11,211 : 11,627 : 11, £3 : 11,400
69.8 : 12,600 : 12,852 ; 24557 : 12,590

The rasults or the avove tasle ure gruphicully represented in
fizure 4.
Iuperiment 7.

The resistunce of « solution is graatly «wffectcd by ony crange
in tengserature. lthecush 211 of the reuwdings of this sorkx were muade ut
a temnerature of ZFOC., a constant temucrature bath veinyg emvloyed thiit
kent the taumperature to within l/lO of a de:ree of thut point, it was con-
sidered wrthvhile to compute the tenpneruture coelfficient of the solution
consisting of timothy seed in cenductivity wmter.

four recdings wwere taxken vt eschi of three temperutures-—ZOO,

~0 . . : ] A s -
250, und 207 Centigrade--in the tvo lots of tinothy. The averace of each



four readings wus taken «s the basis for further calculation.

ing table £ives the readin: s taxen, using the method cescrived in "C"
or Ixperiment 4.
Table 10. Solution Resistances (in chms) or Timothy Seesds
at 20%, 25°, oad S0°Centirrade.
: 20%s. : 25%3. : 50°¢.
: 11,284 : 9,849 : 8,568
: 11,086 : 9,696 : 8,474
Lot 1 : : :
(73.97) : 11,109 : 9,135 : S,482
: .1,097 : 9,749 : 3,630
. verse=11,14 : Lveraezd,652 : verzre=8,526
: 15,783 : 12,638 : 11,289
: 13,902 : 2,700 : 11,016
(89.8:3) : 13,891 : 12,600 : 11,17C
: 15,344 : 12,827 : 11,224
: iverane=13,855 s Jverure=12,691 :  Average=11,161
In the case of lot 1, the resistance at 25° is 13.6 p-r cent
Licher than at 309; ut 200, it is 15.1 per cent hTigher thin =t 259, In

~ 1 2 ) 8} . v . .
the case of lot 2, the resistunce at 25°% is 13.7 per cent hicher thon at

20%; at 209, it is 9.2 o

1
&

increase for a five-deyrce drop in terawerature is 12.9 per cent, or tle

avera;te percentage increase ner deireg dron is 2.6.
3up.0se a recwding is made when the teo.

N
V

is desired tc xmov vhet tre reuding for the

serature is 27°C. und it

are sample weuld ve wt 259G,

per decree drcp is 2.67), the percenture iicre

The followr—

wr cent hizrher thin at 25°. The averagce p.-rcentuage

LSe

IPE=AT

s ) . !~ S~y U o~ e~ . - O .«
Siuce the averase increase/froe. J7 to =57°C. wuld be Lxil.d or 5.2, the

foeter oy which the readiugy ot 27%imust ve increased to ¢
. =0 - .
of the swie lot at 257. Or stated al;covraically,

R .o -:RAD,?of. 0z26( ;7—25):{‘,70

ive the reoding



4 more general expression of the Interpolation of a rewding at any tenpera-

ture--vithin the limits of 20° - 30%.--tu u terperature orf 25°C. would te
. 0_1z0

R;50=3x3+.0;6(x =257)R, ¢

S

IR_'U+( JUR206x%- CS)R"O

-R‘o(l+.036x-.65)

=R 0(.cBpaCuix)*

Attention s nov turned to apnlyine the method, adented as
the best in the cuse of timothy, to another tioe of seed, nwiely, red
clover. The followinr expariments deal with the efforts 'r.ade in tiiis
direction.

Tuperiment 8.

The [irst thiAg to deter::ine 1 apnlying the retiod to red clo-
ver wvis the ovest wiount of seed tu use «wi, also, the lonetio of tirs the
seed should oe ailoved to reraoin in the conductivity witer before making a
readinr. This experinent dewls with these tvo iwre or less interlocking
vhases. It was declded, rreor: the first, to use "stirrine” since it hastens

Ae  Seeds used were smaoles of 1ot 3 (91431 vieble) ) lot
4 (0.5 ) vianle). oSoreaule S (o nexnt v} catlines tle vrocedure «nd
crives the reaselts ¢t ined ot certain tive Intervils.e 11 recdinc-s were

made at 25Y%0.

*This Jormula dees not sive nvsolute uccuracy nor is

t.is cluimea for it. It is it:ciuded here to stow that
the nmethod of sead vindiilty detersinition herein given
could o¢ used even thouih 1)y teuss vor Keevine the ten-
ccrature constuint cere ot hand.(See Discussion of Results)
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Schedule 3.

-

0 - .5 gm. Lot 3 put ia oenker : Y:33 - .5 m. Lot 4 :ut 1a beuker
with 100 cc. conductivity : with 100 cc. condvectivity
Toter ater

(o]
(93]

9:45 - Solution stirred 2 uinutes 0:48 - solution stirred 2 :inutes

oo foe oo

10:18 - Solution stirred 2 miinutes
and electrolytic cell im-
mersed

10:15 = Solution stirred 2 minutcs
and electrolytic cell im-
ersed

10:33 - Reuding:
Solution Resistance 58,337 ohms

10:30 - Reading:
Solution Rasistunce=56,0355 ohms

10:45 - Solution stirred 2 rinutes 10: 42 - Sclution stirred 2 r:inutes

11:00 - Reading:
Solution Resistunce=10,135

11:03 - Rewding:
5clution Resistiince=22,706 ohmrs

oe o

11:15 - 50lutiun stirred 2 minutes 11:18 - Solution stirred 2 miinutes

11:30 - Readiaq:
Solution Resistance=26,94Y ohms

11:35 - Reuding:
Solution Resistence=1l.,7L5 ohms

11:45 - Solution stirred 2 minutes 11:48 - Soluticn stirred 2 minutes

12:00 - Reading:
Solution Hesistaonce=19,187 ohms

12:03 - Reading:
Solution Resistance=92,74Y9 ohms

1:45 - Solution stirred 2 ninutes 1:43 - Solution stirrcd 2 minutes

2:00 - Reading:
Sclution Resistunce=10,770 ohns

<:05 - Reading:
Solution Resistunce=4,076 ohms.

The same procedure was again followed using .5 sm. sumples of
were
the sa:ie seeds but this time tre first tw stirrings/of three minutes
duration. At the end of the first hour, the solution resistance of
Lot 3 was 46,512 ohms; of Lot 4, 28,443 ohms. .t the end of two hcurs,
the solution resistance of Lot 3 was 21,726 chms; of Lot 4, 10,850 ohms.

The results were similaur to those in tlie preceding table excent that the

readings were somevhit lower out the drop was propvortioncliy the same



during the first two hours.

Be Some tests were run, using 1 graa saioles and taking rezd-
ings at the end of the one wnd uns and an half hour periods. The solutions
ware stirred every fiftcen minutes (7or two minutes), cnd immeciately after
the last stirring--fifteen minutes vefore the rceuding -wes taken--the elec-
trolytic cell was i:rmersed in the scluticn. .1l reudin:'s were made at
2593, Dhe following tuvlse sbowvs the results obtained.

Tavle 1ll. Solution Resistunces of Red Clover for 1 hr. and

1-1/2 nhrs. verlods. 25°C.
: Lot 3 (9l.87) Lot 4 (Z3.6°)

Resistunce (in olws) :Lot 3 :Lot 4 ::Lot 3 : Lot 4 ::Lot 3 :Lot 4
at end of : : B : HR :

1 hour s 27633 : 18162 - - i - - e

1-1/2 hours s 17473 ¢ 9603 ::1602 s 9739 . 18879 : 9218

The readings ot the end of the 1-1/2 hour period were ut 2
better "ucrking level"™ tiun 2t the end of the 1 hour period. In other
words, the resistance values were at o level lowz enougl: that slight @is-
tukes In veizhin: the swnsles or in usasuring tie cenductivity water did
not »roduce tco lurge errors, yet toey vere hilch enouch thit wn oppre-
cizole difference cxisted vetween the rceadincs Jor the to lots. The agrec-
ment oetween the readin:s for samples of the sw.ia lot is not so close as
desired, hosever.

Ce It was decided to use 1 gram sam:les orf red ciover seeds
224 to allow trem to remain in the conductivity water for 1-1/2 hours
before reudins the resistance, then to nudify the time and interval of
stirrianc to find out which would .'ive the most constant results. The de-
tails of this work need not oe :iven, out the method finxlly wdopted is
made clear, and some results obtained oy its use are recorded in the

following schedule. (Schedule 4 on next puge)



Schedule 4.

. e
w
[¥N]
o

8:30 - 1 eranm Lot 3 put in beaker - 1 gram Lot 4 put in bezker

with 100 cc. conductivity : with 100 cc. conductivity
eter : vater
8:45 - Solution stirred 2 miautes s 8:49 - Soluticn stirred 2 ~inutes
9:15 - Solution stirred 2 minutes s 9:19 - Solution stirred 2 aminutces
9:45 - Solution stirred 2 r.inutes s 9:49 - Solution stirred 2 minutes
and electrolytic cell im- : and electrolytic cell im-

nersed nersed

10:00 - Heading:
Solution Resistance=17,6935 oblms

10:04 - Reuding:
Solution Resistancez9,273 ohms

Other readings obtained, using precisely the srme rethod, were:
for lot 3, 17,551 ohms, 17,990 ohms; fcr lot 4, 9,182 ohms, 8,669 ohm:s.

This wethod cave, o7 far, the most constant readiungs oovtained
with red clover. Sume variation in the rezdings, of course, cannot ve
avolded since there are pound to be svume samples that are not representa-
tive of the germination ¢f the lot of seed from which taken.

BExperiment 9.

This experiment deals with the aponlication of the methied of
non under Lxperiment 8 to swaplas of red clover ranging in germinction
from 3.6 2er cent to 91.8 per cent. The amount o excir lot to use in
a sauapla of,say, 40 per cent germin.tion was calculated from the forru-
la

x(3.6)+l.-x(91.8)=1.(40), wihich is ideunticully the
swae as tnat used in rakine un tne timothy samples.

The method followved is exactly the sane as that ¢iven under
ngn o ¥Weperimsnt 8. The following tuble records the reosults that vere
ootained.

(See table 12 on next puase)
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Table 1Z. sSolution Resistances (in okns) of Red Clover
o~ 4)(‘0
Jeedo jo1o] Co

Percentage : Cest : Lverag
Germination : 1 : 2 : 3 : 4 : Readine
3.6 ; 9173 i 9132 : 8056 : 8559 : 8770
10.0 : 3417 : 3200 : 9007 i 7955 : 8205

20.0 ; 8939 ; 8618 i 9441 : 8208 ; §814

30,0 : Y979 : 10504 : 9423 : 8000 : 94783

4C.0 : 9557 ; Q015 : 11413 : 3770 : 9589

50.0 ; 10976 : 10832 : 10504 ; 9126 : 10360

60.0 : 9500 : 9619 : 12120 : 932 : 10265

70.0 : 12776 : 11456 : 12625 i 10231 i 11767

50.0 : 11514 i 11938 2 13585 : 1ol : 118695

00,0 i 131006 i 15506 : 14906 : 10048 : 14254

14300 : 14529 : 15291 : 143¢7

Xe)
H
L]

(00)
—
s
o
V]
-Q

Tho ubove table s..ows thut there is an incrcease in resistance
as the cermination becomes greater and, out for tw exceptions, the increcse
is fairly remqular.

Mne deta lucluvaed In Tuole 1L wre o vwa rriolcelly in figure 5.

In the past ten years, rmc  werk has been done dealing with tre
determinution of life or deuth by means o celectrical cwductivity measure-
ments., lluny different plant and unirul tissues rere suojected to cuch
electrical determinations and, in some cases, with ncterorthy results. A
thorough review of the literature avieilavle fuiled to reveal a sinrle in-

N

stunce, liwever, in 7-ich seetls were tle suolect of investiration. 4as

-



far as 1s knowa b; the author, this is the first wory in which it wos
atterted to determine seed viavility by electrical conductivity mezsure-

nments.
noevrily

—tlee

The two methods prelimi-;/ used buve veen fully descrioed and
discussed under "Euperinments and Results." Since they have been discarded,
they need not ve again discussed. 7. c¢ discussion is linited, tlen, to
the finally adopted ..cthod and tc the results oobtzined by its use.

In table 9, «re shown thie results oobtuined with timothy of
various percentage germination at a temceruture of 2500. It is rezdily
seen that there is a .rogressive increase in sclution resistance with
viupility increase. Nowvever, there are some discrenzncies. Several read-
ings for a certain percentare viadilit: are too high. Tris, rowever, is
to ve expected as will be exnlained in the considerztion ol a specific
case. I one test of 7Z.9 per cent seed, a solution resistonce of 10,331
chas was found, which is not only hi:rher than elither of the other recd-
ines obtained for seeds of trat viavility bot «lso bigher thun ony road-
ing for 75 per cent seei, and almost «s hioy as tle readings for 80 per
cent seecd. This can only be explained by wtitributing it to a personsl
error made in techniogue, or by supoosing that the particular sample of
sead, fivins the hirher reading, was of hither mermination thun the
averare sample of that clusse  The lutter is o verr valid sunposition,
for, when the sermination of the lots orf secd were originally determined
by sprouting, it was found that the ailferent swuples used would vary
over a ranve of 7 per cent for lot 3 to 22 jer cent for lot l. Thre
cermination c¢f lot 1, wccording tc the averuce of ten tests of 100 seeds
cuch, wus 73.9 ver cent; tlie hishest test teins 63 per cent, the lowest,

61 per cent. This differsnce was ootuined desnite the very ticrouch



mixing of seed lots oricr to sawpling. So it does not seer unreasonable
to supnose thut the sumole ¢iving the reuding 10,331 ohms was of gersina-
tion consideraobly hizther thun 74.9 rer cent.

Liore cenclusive proof would have veen offered in supoort of thre
correlation betveen electricul resistance und ssed Viavility had it been
vossivle to extend the range of gerination percentases of the samples of
timothy in table 9. It was originally intended to use artificlially kxilled
seeds and, by mixing these with seeds of lot 2 (89.87), to muke up .5 gram
samples ranging in viaoility from O to 89.8 ver cent. But, as the duta
in table 8 show, artificiaily killed tumcthy seeds from two different lots
did not give the sane resistance. Yet, the readines for cither lot are
SO surprisin~ly constant thut errors in method or tecknigue could not ve
olamed. TKeither lot of xilled seeds sihowed the leust sien of germinating
Wwhen tested cnd were believed to be deod. Reings deud, accordinsly, tley
should skow very neurly the sume rasistance. Since theyr did not, the ccn-
clusions reached were that elther the seels were not killes (wvut broucht
into dormancy) or that the changes that take Jlace in the natural death
of a sced were not affected oy tle urtificial death produced. Or it miy be
thazt, vecuuse of the suddenness of artificial deuth, the seeds retsain part
of the chemnicu:l cunstitution ¢f live szeds which, iowever, is lost in the
lonzer process of naturally dying. Since the readings for the illed seeds
did not agree, it was thought best tc dismiss voth artificially killed
lots and to use only seeds that had lost their vitality in a natural
nunner., Very old timothy seeds were sought in the hones of getting some
of very low germinution. ‘/hen ncne was to pe had, the tests were counfined
to the limits repres=nted by the germination of lots 1 and 2.

An intercsting sideline of the resistunce meuzsurements, taken
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with timothy, 7us the deteruincztion of what oroduced the conductivity

of the solution. .fter a test had been run, using 2 lot 1 samule,

the solution was filtered to rerove the seeds, «nd a vortion of the fil-
traote sent to the Zxperiment Station Chermist for analysis. His report
showwed that 14 Her cent of the rineral content of the solution wus Pios,
that an anpreciable amount of Ca 72s present (probaovly us CaHPOQ), and that

there were tr.ces of 50,, Mg, wiud K present. Due to the minute cuantity

prescnt in the sclution, he succeeded in mukine a

IS

of miner-l matter
tive

cuantita-/ test for P,05 only; for the others, oniy qualitative tests

were maie.

The most lmportant point drought out by the data is that a2
difference does exist petween the solution resistunces of seeds of higch
and low germination (see figures 4 and 5). That is the fundamental re-
lationship that must Torm the basis of any future work thit looks toward
the practicul asplication of this method in the determination of the ger-
mination »ercentage of any lot of seed.

The same metiod was used in measuring the solution resistance
of red clover us vas used for timothy except that 1 :rem of the former was
used nnd that the time wnd interval of stirring were slizhtly cianred (sce
schedule 4). The readings obtained for sumoyles of red clover, rancing in
cermin:ztion from 3.6 psr cent to 91.8 ver cent are shom in table 12.

A glance at the data of table 12 suffices to tell one that the
resistance increcses with the germination vut, un analysis, one finds
several discrepaicies. Souie rezdings seem too high, others too low. To
more can oe suid regurding these than has wlrezdy been said concerning

those in the tavle of timothy rezdings, viz., that they res: lted (1)

from a sampie having a much hi~her or lowver gerninction than it was
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supnosed to have, or (&) from & "personal error" in cenducting the ex-
perimeat.

The average rcudings for red clover 7 en ircorporated into a
graph (figure 5) show thut, sith t.c cxesptlons, the resistance increase
is coacomitant with viaoilit; increuse. That 1s the important tixing for
it fores a foundation upon wirich future wrk cut oc ozsed that will ke
the method practical for determiniug the viauvility ¢f red cluver. The
i:riedinte object of tiis investigution was not to deveiop o :ethod arerchy
seed viablility could be nmeasured by electrical cunductivity, dbut to attespt
to discever a fuuda.calul correlation betweon sced vicbility wad clectrical
couductivity. Ouce estublished, =uch a basic relutionskip nisht ve put
to proctizal wse in tne leocvratories of sced rir.s, ws a quiciir wund cheaper
means of deter:iining tne percentuge ¢f serminetisa ol any let of secd,
than the present .etiod of runniag germinction tests.

The te..oeruture ccoefficlent of resistance was workea cutbt tor
Cimothy merely tu shew that it is not cbsolutely essential to have such
an expeasive piecc oI zpvarutus as a constant temperaturs vater ooth to
coaduct tre tests; also, to show one wars in waich a tenpercture coefficient
izht be calculuted. ‘/hen a pructical method, bused c¢n the correlation
discussed, 1s perfected, the work of developing it wrill have teen done in
a lavoratory where o constant temperuture vath is uveilable. All the
readlinges, for & certain xind of seed, will huve been taken, tken, ot the
sare temvderature (e.2., BSOC.) and emoodied in a table or graph. If a
temperature covefricient ove caraefully wrked cut ut the same time, a rorker
in anothcr laboratory could .nake his test at room tezperature and, oy
wmeans of the temperature coefiiciat, interpolute the resistunce recding

. . L0 G oa . , . e
ootained to its 25°C. value. Referrine to the tuble or graph containing
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the solution resistunce values ror se:ds of various percentare cermina-

: 5,0 . .
tion at 25°C., he could find irmediately the viapbility of tiat particular
semple.  The ccefficient will vary in value for seca of different viability
but this cuuld, no dmbt, be mitheuaticelly culeilated und included in
the formula.

ilany flavs cun be found in the method descrived in tiis paper
und the writer is fully cormizant of then. Pollowing are some of the
recommendations rfor future wvorx that will tewd toward the elimination
of thess faults.

l. In tris investigation, all the stirriwg was done by hand.
.8 previcusly explained, atteontion was given to stirring each sample
Just ws neurly like the others as wis manly nossible. To stir all
cxactly alike, hovever, is inpossiole. Likewise, it is impossivle Tor
tvo ren to stir eructly slike. To odbviate the unavoidable errors result-—
ing, it would seen a greut improvement to stir the sclutions rechanically.
This would net only ¢ive more constant and dependable results but, it is
beligved, it wvculd also rmnke thie method siorter mnd easier to coaduct. It
nas been show that the drop in resistance of & sclution to the "worxing
level" occurs much more -uickly vhen the solution is stirred than when not
stirred. If tie solution were stirred continaally, by rechunic:l neans,
tnere is no douvt that the drop to the "™uorkiny level" aculd reguire yet
lecs time.

2. It would be advisuble to use larger somples of seed wnd
orooortiovnally wore conductivity water., The difficulty of gettinge fair
samples, from the standpoint of germination vercentuge, has been emphasized
axd it 1s loplcal te supwose thet tie larser tie sanple  the more nearly

it will a_proximnte the sermination of the vell-mixed lot fron which it
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3« The sclution resistince of timothy in cenductivity wuter
WIas tagen at the end of cie hour, i.e., the readines rere berun &t that
time. The average time reguired to tele a rewding was two minutes. Fooe
ever, in one case it may have recuired less trun two minates, in another
case, longer. If sometning occurred that delaved tre reaaing (and it aid
several times), the sclution resistance would be low due to the outward
diffusion frum thie seed over a longer period. It would seem an advantage
to draw off a definite amount of the solution just as the one-hour period
for wiatever it may Dbe) elapsed. Tlen, it would natter little vhetner the
reading vere .ude lmmediately or snortiy wfterourds.

4. The conductivity vater used in this work —us nade un fresh
every six or sevea days. It wac always prepuared in precisely the swme
manner and oy using the same distiliing ammurutus. Successive lots ufreed
so closely in resistance that the difference netveen ti:er was iruored in
calcalating tne solution recistances, since relutive rotber thon absoslute
results vere scucht. 32ut, it the rmethod were used in wifferent laboratories,
it would be extremely diffic:lt for all to make or secure ccnductivity -water
of the sume resistiice. 4 means of calculuting the sclutiom resistunce is
needed that takes into considerntion the resisturnce of the conductivity
water used, which will enuble work-rs in varicus labcrutories to use con-
ductivity water cf their ow uwaking and, for the sate lot of seed, to ob-
tain identical resalts.

H. Very satisfactor; results wvire oudtauined with the clectroly-
tic cells used dut there are severwl reascms w7 sn open tyne of cup, such

w3 i3 used with the sulls oridr-e, “wuld prove mere satisfuctery. In the
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first Hlace, the cells are ver:r fruopile. Recause the 2laetrodes are

enclosed in =lass (see fisure 3), tler are very dirfdicult te cleun rior

to reoslatinizing or to keep cleun, Murthermcre, tie s are difficult to

maxe so similar that any too cells /111 ive the sunme resistunce reading
for a iiven solution. An oren cup made of hard rubber would seem ruch

more desirable. It would ve chearer, less frugile and easier tc zcep clean,

3gcuuse 0t its osen nature, it would net ve aifficult te mnke the electrodes

of exactly the swte dimensions und the saine distance apart.

6. or future sork, it is essentinl that cld swrenles of timethy
and red clover seeds oe ..rocurcd that will be of «ll varying degrecs of via-
oility. The soluticn resiztaice ol o swnole ol red clover that is, we shull
asswne, S0 per ceut vicole could tnea v2 corpared ritn theet obtalned for the
OO0 ser cent samnles used in this swrk, 7iich vere wade up by :lxine red clover
seeds ol loets & el 4. Ia cthar woerds, tne solutlon resistances obtuined
for artiriciaily-mixed sumslces could ve conparad 7ith noturcl saucles having
the st rermination percentares. This scens o very incortuant consideration.
7. Geeds from varicus sections of the country, having the same
vianility should also be sceured to ses lat influence scvil hes on the elec—
troiytae content or composition ol sced as lncicated by comprative solution
resistunce measuremcnts.
8. It is possiale to cunceive a sarle of, say, &0 ser cent
rermination giving the sae solution resistance us a 70 ver cent sam:le.
Tre seeds o uoth sunoles micht coatain a 11 » nurber of derd cells (having

permeadsle membrunes) but due to the rore Tortuitius lucitlcn of such dead

ceils (Ffurther re-cved Srom the -erm) in the one sawle, u higher viaobil-
i~ Y aien
alithe

7 ] - . . .
ity /oontain, altheourh of a wenrer nature.  ™hiis possiole relationship nceds

to e lavezticuted.
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V. CIDILRY.

These investizgutions dezlt vith an attennt to detemzine
sesd vicblility by an electricul conductivity method.

The seeds used were timathy onit red cliover.

Th.ree different methuds were uased in studying the possivle
correglution vetreen seced viaoility and electrical resistunce. Trese
jere:

o~

le lleusvring the rosistance ¢f the secds tners:lves.
2. Compuring the relative coscrotion and excretion of szlts.
Je lleasurins the rslative ¢ twerd dilfsuslon of electrulytes
as lndicated oy coaductivity reudiugs.
Tetivds oae wad to jure dliocurded.
Pennod three v.s wdievted.
The rewdines ccetailned o7 its use see. to laclcute that o
correlution vetween seed viavility and eloctrical conductivity exists
wi.ich, vith future improvemant, nay be cavable of wractical apvlica-

tion.
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4t the lust woument, tu. old suniiles of tlusthy vere octaiuned
from the .ldert LickKinson Se=d Jompuny. The sunizles cave solution resist-
ance reudings of 8,048 and 8,501 ohuws, which are both cousideravly velow
the lover liiit of the runge covered oy the artilJicially-mixed szmrles.
This indicated that thelr geralnation should ve expected to be consider-
anly less than 72.9 per cent. Germinution tests with soma of the socked
secds (200) used for tle resistance weasurements gove 40 -er cent and
g6 oar cent germination resnectively. It has been found, by comparison
Jith gerninution tests using ordinury dry sceds, thut such previously
soaked seeus glve only agoroximute results, so that the percentuges re-
ported are merety indicative of a germinition considercbly lower than

70 per cent.
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VIII. DT0ORICTION O I R0,

Piimare 2. Scheme of connections ¢ oparatus used
in thLese investi:mmtions.

Firmure 3. Tiectrol:-tic cell orf irmersion tyve used
to measure solution resistances.

fizure 4. Gruph siowingr th: sulntion resistances for
tirothy of various per cent germin . tion.
o averare curve wes conouted for these duta
vecaice of tie nurrcey roinvte over vialch the

Piure Be Gruapn shiovings the zclution rosistunces for
121 ciover of variosus Der cent cerinstion.
The curve coi best fit was conputed by the

methed of "least squures."
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Figure 1. Complete setup.
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Figure 2. Diagram of scheme of connections.
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Gra h showingt solution resistances
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