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Alkali Investigations.
E. E. SLOSSON.

THE CHARACTER OF WYOMING ALKALIL

The Experiment Stations are supported for the purpose
of scientific research in the problems of agriculture and they
are located in different states in order that each station may
study, at close range, the conditions of the region that sur-
rounds it. From its location the chief problem of the Wyo-
ming Station has been given to it by nature, the study of ari-
dity, and as fast as possible the work of the Station has been
concentrated on this subject.*

The chief difficulties in the way of agriculture in the
arid region are two, the insufficient supply of water and the
accumulation of soluble salts, known as alkali. The second
of the these is a consequence of the first. Where watering
is done by rain, pure water is added to the soil and drained
off underneath, carrying with it the soluble salts of the soil.
In irrigation, water containing salts is added to the soil and
pure water evaporated from the surface. It was shown in
Bulletin No. 24 that half a ton of alkali was added to each
acre of the Sheridan Farm every vear by irrigation and the
land became completely useless until it was drained.

Samples of alkali from all parts of the State have been
analyzed and the complete analysis will be published in the
next annual report. It will be sufficient to give here the

*For a summary of the publications of the Station on this subject, see Eighth Annual Re-
port, 1898, pages 15-50.
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general result. Almost all the alkali of the State consists
of three salts in varying proportions, sodium sulphate
(Glauber’s salt), magnesium sulphate (Epsom salt) and so-
dium chloride (common salt). The “black alkali,” sodium
carbonate, is fortunately very rare as it is much more in-
jurious than the other salts. Amnalysis of the soils of the
State shows that the percent of soluble salts or alkali is us-
unally small, often extremely so, and it is only its accumula-
tion at the surface that causes damage. On the other hand
the small amount of water in the soil makes the alkali more
injurious than if more diluted, for it must be remembered
that it is not the total quantity of alkali in the soil but the
strength of the alkali solution that is of importance. For
example, if the soil contains 10% of water about 3% of com-
mon salt is required to form a saturated solution, but if
there is only 5% of water half that amount of salt will pro-
duce the same effect and any larger amount is no worse. On
unirrigated land the water content is mostly between these
limits. (Bulletin No. 35.) :

In many parts of the state the alkali salts are not mixed
together and distributed through the soil, but are collected
in large beds of single salts often very pure. Near Laramie
there are beds of sodium sulphate, near Rock Creek of mag-
nesium sulphate and near Green River of sodium carbonate
(sal soda) of many acres in extent and several feet in thick-
ness. Many theories have been advanced as to the origin of
these “alkali lakes,” mostly based on the assumption that
they must have been made from the decomposition of rocks
containing the same salts. Since there are no rocks in the
vicinity whose products of decomposition at all resemble
the alkali, the advocates of this theory have been obliged
to construct hypothetical rocks for the purpose. If, how-
ever, we remember that the salts deposited from solution
depend on the proportions, temperature and concentration,
and need not be at all the same as the salts dissolved, we
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can account for the alkali beds without taking into consid-
eration the origin of the salts. It is enough for us to know
that all the spring and river waters of the state contain the
necessary elements and the problem is merely to separate
them into the forms that are actually found.

The salts in the alkali lakes can not be regarded as of
any certain composition. They become liquid, that is dis-
solve in their water of crystallization on a warm day or are
dissolved by the addition of rain water and when deposited
by cooling or evaporation it would be very improbable that
the same forms should reappear in the original proportion.
Then too the addition of drainage water containing more
salts must change the equilibrium and cause a rearrange-
ment to form new salts. This may account in part for the
widely variant analyses that have been published, and ob-
servations at different seasons of the year show startling
changes. Sometimes the lake is fluid, at others solid. Some-
times it is a bed of large clear crystals of sodium sulphate
decahydrate; sometimes the white anhydrous sodium sul-
phate covers the surface. The phenomena can be watched
very prettily by dissolving the salts in a beaker of water in
such proportions and concentrations as to be in unstable
equilibrium. If the temperature of the reom varies consid-
erably the form, size and composition of the crystals will
often be very different.

The salts contained in natural alkali are remarkable
for the number of their phases. We have in the natural
waters of the State from which the alkali is deposited, the
bases sodium, calcium and magnesium, and the acids car-
bonie, sulphuric and hydrochloric. There are also some-
times present the bases potassium, aluminum, iron and
lithium, and the acids nitrie, borie, silicic, phosphoric and
reduced sulphuric acids, but only in such small quantities
that they do not play any important part in the formation
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of the alkali deposits. Evaporation of a solution contain-

~ing the above six factors might form nine simple salts and
a great number of double salts and hydrates, besides me-
chanical mixtures of all these in any proportion.

It would be impossible to prove what the conditions
were under which beds of pure salts like the Wyoming al-
kali lakes were found, because the concentrations, propor-
tions and temperatures at the different stages of formation
are all unknown and it is evident that theoretically the
same result could be obtained by many different reactions.
Nince none of the compounds are absolutely insoluble and
since nature has unlimited time and reagents, we must re-
gard any reaction as reversible, however completely it may
go in one direction in the laboratory. But it is not impossi-
ble that a consideration of the simpler reactions of these
factors may throw some light on the probable way in which
pure salt deposits have been formed. Starting with a solu-
tion such as our natural waters containing the bases calei-
um, magnesium and sodium and the acids carbonic, sul-
phuric, and hydrochlorie, the most insoluble compound pos-
sible would be first precipitated. This is calcium carbonate
or a mixture of calcinum and magnesium carbonates forming
beds of limestone or dolomite. Calcium carbonate is, how-
ever, much more soluble in the presence of other salts than
we usually think and magnesium carbonate is found in large
amounts in water of the state containing much sodium car-
bonate. The calcinm sulphate would next be deposited in
the form of gypsum. Beds of gypsum of great thickness
exist in many parts of the state, as at Red Buttes, where
plaster of Paris has been made for many years, and it is
abundant in most of the soils. In the Laramie Plains gyp-
sum was found at intervals in boring the University arte-
sian well to the depth of a thousand feet. If, as is generally
assumed, sodium was originally extracted from the rocks

in the form of carbonate, the absence of this salt in most of
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the state could be accounted for by the well known reaction
between sodium carbonate and calcium sulphate to form
sodium sulphate and limestone. This has been used in prac-
tical agriculture on the advice of the California Station to
eliminate the more injurious black alkali or carbonate. In
parts of the state where sodium carbonate is found, as at
Green River and Johnstown, gypsum is of course absent, or
nearly so.

If now we regard both the calcium and the carbonic
acid as completely precipitated, we have left as possible
compounds magnesium chloride and sulphate and sodium
chloride and sulphate. Of these, magnesium chloride is by
far the most soluble at ordinary temperatures and would
therefore be the last salt deposited and the first washed out
from an alkali bed. In all the alkali and waters analyzed in
the state the sulphates are in large excess over the chlorides,
so we may regard magnesium chloride as practically absent
and the salts formed would be only magnesium sulphate,
sodinm sulphate and sodium chloride. Analysis shows that
almost all of the alkali of the state consists of these three
salts in varying proportions. There are beds of pure mag-
nesinm sulphate and sodium sulphate, but so far as I am
aware there are no deposits of sodium chloride. Brines ex-
ist but do not form beds.

These three salts are ‘about equal in solubility at ordi-
nary temperatures and on complete evaporation would be
deposited together, which is usually the case. But their
relative solubility is greatly changed by a variation in
temperature, as the sodium sulphate is much more soluble
in warm than in cold water, while with sodinum chloride
there is little difference, so the fall in temperature in a sin-
gle night, which is often great in the arid region and high
altitudes, would precipitate a thick layer of crystallized sul-
phate which would not dissolve again the next day. In
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many of the strong alkali lakes this can be observed directly.
In cold weather the bottom is covered with a thick bed
of pure sodium sulphate, above which is a saturated solution
containing much chloride. In warm weather part of the
bed goes into solution again. In winter Great Salt Lake
throws up on the shore sodium sulphate crystals in banks
looking like snow drifts. The magnesium sulphate beds
might have been formed in a similar way.

It is possible by this system of simple reactions to ex-
plain the alkali deposits, although it is evident that they can
be theoretically accounted for in other ways, and it is not
necessary to assume that similar deposits have an identical
origin. All that is intended is to show how from a dilute
solution of many substances, such as ordinary spring or
river water, the salts actually found could be formed and
not the many others theoretically possible. It is not neces-
sary to assume, as many have done, that the original rocks
corresponded in composition to the salts left in evaporation
of their leachings. With the conditions that prevail in Wyo-
ming, an annual evaporation about five times as great as the
rainfall, a porous soil and scanty vegetation, such an ac-
cumulation and differentiation of salts is quickly accom-
plished. One can start with a good soil and irrigate it with
water of ordinary composition and in a few years crystals of
pure sodium sulphate may be picked off the surface. This
experiment has unfortunately been repeated on a great
many acres.

The principal source of the alkali is not, however, the
water used in irrigation, but the beds of soluble salts that
are deep in the soil. As soon as water is put on the land
these salts are drawn to the surface by evaporation. The
fact that the soils of the valleys are saturated with alkali
ought to be taken into consideration in the propesed estab-
lishment of reservoirs. If these are of wide extent the
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great evaporation of these regions would concentrate the
water and so increase the per cent of alkali it contains. To
this the alkali leached from the surrounding soil will be
added and there is danger that water so stored would become
injurious rather than beneficial to the land which received it.

ABSORPTION OF WATER FROM ALKALI SOLUTIONS
BY SEEDS.

Before we can hope to do much to mitigate the injuri-
ous effects of alkali on plants we obviously must know what
that effect is. How does the alkali limit the plant? Al-
though it will be many years before any complete answer
can be given to that question, yet the study of the subject by
the Station has cleared up some of the simpler points. For
the simplification of the problem it was divided into two
parts, the effect of alkali on the germination of the seed
and its effect on the growth of the plant. Only the first part
of the work will be made public here.

The effect of alkali on the germination of seeds depends
on three things, the kind of seed, the kind of alkali, and the
concentration of the alkali solution. Sometimes the seeds
in alkali solution are killed, sometimes they germinate but
very slowly, sometimes they germinate more quickly as com-
pared with those in pure water. The usual result is that
the seeds are delayed in germination for a long time. Now
in Wyoming the season is too short anyway, and even a few
days’ delay will make the difference between a crop and a
failure.

A necessary preliminary to germination is the absorp-
tion of water, and it seemed likely that the retarding effect
of the alkali on the germination was due to its hindering the
seed from absorbing the water it needed. Experiments
showed that this was the case, and work on this line has
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been carried on in the chemical laboratory for about three
years now. The technical details will be published in the
annual report of July next, but a table showing the results
of one of the experiments is here given to show how such
work is carried on. Wheat was the seed experimented upon
in this case and an equal weight of it was put into solutions
of the common alkalies of various strengths, pure water, and
a solution of sugar introduced for comparison. It was
found that the absorption of water was influenced not by
the kind of alkali or the strength of the solution but purely
by the osmotic pressure. Osmotic pressure is not generally
understood and in fact is a comparatively new conception
in science, but it is easy to explain what it means. In this
case it simply means that the water passes through the
little coatings in the seed openings more easily than the par-
ticles of salt, and consequently a seed will take up water
more rapidly if no salt is present. To give a rough illustra-
tion, a pump supplying city water works will get more water
through the screen of the intake pipe if the holes of the
screen are not partly clogged with sand and drift wood.
In this experiment, the solutions of sugar, sodium sulphate,
magnesium sulphate, and sodium chloride were so made as
to have the same osmotic pressure, and it will be seen from

Amount of Water Absorbed by Wheat from Salt Solutions.

‘. Per CENT WATER ABSORBED BY WHEAT.
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the table that the wheat absorbed just about the same
amount of water from each of these in the same length of
time. Sodium carbonate (“black alkali”) acts differently,
for when it is strong it attacks and destroys the seeds them-
selves. Some seeds, too, give quite different results. Beans
absorb the same amount of water when put into a saturated
solution of common salt as they do when put into pure wa-
ter. The dissolved salt apparently passes into the bean as
readily as the water and destroys its power of germination.
Rye is intermediate between wheat and beans in this re-
spect. ’

To decide the question whether the absorption of water
is physical or physiological, comparative tests were made
between living seeds, and seeds in which the power of ger-
mination had been destroyed by age, heat, or exposure to
formaldehyde vapor. No difference between the living and
dead seeds has been yet observed, so it appears that water
is drawn into the seed purely by snch physical forces as sur-
face tension and osmotic pressure. It does not appear that
the salts mentioned, except sodium carbonate, exert any
poisonous influence on the wheat. It germinates readily
when removed from the alkali solutions and put under fa-
vorable conditions.

The absorption of water is retarded and diminished by
the presence of salts in the water, but not prevented. This
is due to the fact that the seed allows the salt to pass into it
though not so readily as the water. The volume of the
swelled seed and the amount of salt they contain has been
determined and it appears that in strong solutions enough
salt is absorbed to make the solution inside the seed nearly
the same strength as that outside. In this way the resist-
ance to absorption of water due to osmotic pressure is di-
minished. The same means of obtaining water from a sfrong
salt solution is probably used by such plants as the salt sage,
which contains a large amount of mineral salts. This has
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the double advantage of aiding the plant to draw water
from the soil and to keep better what water it has, because
the salts dissolved in the sap lessen the evaporation.

The experimental work here outlined is being applied
to plants as well as seeds, with the hope of finding out why
it is that ertain plants thrive in soil containing much alkali
and little water, while others, sometimes of the same genus,
will die under these conditions. Experiments on low forms
of life show that they ean be made immune to the deleteri-
ous effects of a very great osmotic pressure by slow changes
and selection, and this suggests the possibility that the
same can be done for higher plants, and useful vegetation be
grown to cover the acres now given over to greasewood or
samphire.
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P[ ~WI[ \ekdZ I[ho \[m ki[\kb fbwWdji m”_Y~m_blhem
mA[h[ jA[ ie_bYedjW_diie ckY” WbaWpWwj Wd_dYhkijwj_ed
)\ehc[Z edj ikh\WY[+ Cd hkijwj_ed e\ >c:* ehZ_dWhm”_j[
WbaWked j7  ikh\WYT _i kikW+bbowWha[Z) Wjb[Wij Zkh_d] Zho
m[Wjr[h) mAThl JAh[ i WickY” Wied[ WdZed[ “"Wb\eh jme
flhY[dj e\ iWbji _dj \_hij jme _dY?[i e\ ie_b+ LkY" wd
Wecekdj e\ iWbji m_bih[I[dj j ]Jhemj® e\ Wdoe\ j*[ Y[h[Whbi
ehe\ Wo\Wb\WeWhb[owWdzho[ i[[c  je jwWdZceh[ Wbawpwd
m_bn"\[Wj eheWiji+ CX[b_[I[ XWhb[oho[) eh Wb\WbW/ bfhem
_dj» fh[ [dY[ e\ WickY®» W)gd[ FhY[dh e\ ekh ehZ_dWho
m”_j[ WbaWBekbf"Wij[i e\ ieZWWdzZcW]d[i_W&)_djme _dYX]
e\ ikh\WYT ie_b)fthel_Z_d] j" mWijh b[l[b _i dej d[wWh[hj[
+ukh\WYTWd jme ehj*h[[ \[[[+ MS$ikwbbo~[h[ jAb[ _i ie
ckY” WbaWmVij® i) m™_YA"Wi WYYkckbWij[Z\hec _hh_]Wj_ed
WXel]) Nl mWijlh Yec[i d[Wh " ikh\WY]) b[wl_d] j°[ ie_b
iWjkhWij[Z ceij e\jY j_c[+ SR [ j~_i eYYkhiD[ii j"\Wd ed *
A"Whb\e\ ed[ flhY[dj e\ iWbjWbed]$m_ji mWij[h _i \WjWhe
ikY” Yhefi+ Nfed ie_bi YedjWw_d_d]WXekj jme flhY[d] e\
iWbj _djM \_hij jme _dY~ m[ "WI[ jh_[Z) m_jrekj ikYYTii)
hl) m~Wj) XWhb[o)eWiji) Wb\Wb\WV/dZ @Y _Wdikd\bem[hi+
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<hec[ JhWii WdZ[Z jef ~WI[ X[[d fWhj W+bkwY[ii\kb+ Ikh
[nf[h_c[diji m_j® e AWI[ dej X[[d [njldi_I[ [dek]® je
h[WY/™_dWlyedYbki_edi+

M \ebbem_d]Wbawb_*h[i_ij_dbwdji d[[Z if[Y_Wb c[d*
j_ed+

LFM LA?2L  Id) LFM  <NLB?L  %Lf[Y_[i e\ ;jh_fo[n&+

Dkij dem cWdo [dj[hfh_i_d] i[[Zic[d Wh[WZI[hj_i_d]
MOLkijhWb_Wd) HQ%iN)!  1'><5;>2BB6=:32442CD=KNh]_d]
\Whclhi je fkhYAWi[ M i[[Z \e[ iem_d] kfed j*_h Wbawb_
bwdzi+ :>@Wi X[[d I[ho ikYY[ikkb _d IWb_\ehd_WHp[h[ _j
fhezkY[i bWh][ o_[bZi e\ \ehW][+ Bem[l[h) _j _i WmWhc
Yb_cWij[fbwdj WdZZe[i dej ikYY[[Z _dPoec_d]+ P[ ~WI[
1Id _j YWhDkBh_WbWjFWhWc_[FWdZ[h)WdZL h_ZWd+ ;j
FWhWoc_[ j edbo cWZ[ WicWbblhemj* [ \_hij i[Wied+ ;]
LA[h_ZWd _ji Jhemj® ZH j*h_\jo j \_hij ikcc[h+ MA[
Lkflh_djldZ[dj e\ L"Nh_zZWd@Whc)Gh+F[m_i) ijwj[Z j*Wj
AL MWZZ_\\_Ykbjewl_d] A fbwdiji \hec Z[ijhkYj_ed Xo m"Wj
A YWbDb[ZA  Yecced X[[jXK])! eh!i{[ bed] ]hWo fejwje
Ak]+$ ! <o Wb_X[hWki[ e\ JWh_ilh[[d) N _di[Yji m[h[ Z[*
jheo[Z+ $C$TbWdji cWZ[ Wifh[wZ_d] Jhemj*) Whbceij Yellh*
_K] "l WhekdzXoj j_c[ e\\heij+ Hed[ e\j fbwdji b_I[Z
i*hek]® b~ m_djlh WjWkoe\ j*[ foWY[ij"lo m[h[ jh_[Z+

$CHHVhWdkeX[h e\iffY_[i e\ Wjh_fb[n)Ybei[boh[bWj[Zz
je Nl ;kijhwb_Wd LWbj<ki®) \ekdZ dWj_I[ _dj*[ LjWj)) m~_Y~
lhem _dWbawWbWdzZi+ Led-J e\ j"[c  Wh[e\ ckY” _cfehjwdY]
W \ehW][ fowdi+ "A[ ceh[ fhec_i d] e\ j*i[ Wh[X[_d]
ijkZ_[Z Xo 1bB <ejwd_ij) m*e _i [e*ef[hWj_d] m_j* j~ i Z[*
fWhijc[dj _dWijjcfi_d] ) CdjhezkY[j)[c _dje Ykbj_Iwj_ed
Wwdzzfjlhc_d[ M _b$IWbK[ ?eC#n_Z[h \b_jh_Xkj_ed+"

%DRS[dilYj S[XW®@\ \ROBb_jjlh <[bli  "#$%&9% () ** Cj RK[NXWQedi_z[hWxb[ Zwc*

OUQKX LOO\ KWNYX\K\XO[ SWKZ\ XP\RO[\K\O& O[YOMSKUSWCROZSNKKMWNAZXXT MX]W\SOI[(

\2  "AKUJKLUQedk*_xkh_vd \x X]Z TWX_UONQKP \RO PXZKQ®wdji _RSMRQZX_ SW\RO
WbaWHXSU§\ ekh [\K\O S[ MXWA\KSWOBW 3JUUO\SW?X( ;0S XP \RO >_ _i ed XP 2QZX[\XUXQ'XP \ROO
EWS\ONC\K\O[ 50YKZ\VOW\ XP2QZSM]U\JZOOW\S\UONDRO BON 50[0Z\ XPPoec_d] ~ KWN:\[ 7XZ(
KQOBO[X]ZMO[&! _ZS\OWL' AZXPO[[XZ2"OW  [biwW:: XP \RS[ C\K\SXW( :W \RS[ LJUUO\SWRO [KU\
[KQO[ KWNX\ROZYUKW\PX]WNQZX_SW@SWKUTKUBUKMO[KZO Z_iYkii[Z) _S\R NK\K ZOUK\SWQ\ROSZ
AKUJOK[ PXXIPXZKWQAMT KWNIQQONSXWK % ][OPJUWO[KPY[hjW_d[YOMSQ§A.ZX|QR\ |WNOZ
MJU\SAK\SXW(
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JbWidji e\ j* i YAWhWYj[m™_YAjWal kf bwWh][Wcekdji e\
"l WbawWiwbiji) m_bllwjkhwbb&'_Zdh[cel_d] j iWbj\hec
N ie_bm_j~ N Yhef+ LjeYac[d ~WI[ bed] Wffh[Y_Wj[Zj”_i
fhef[hjo e\ jA[ iWbjiw][) h[lkbWhbaWa_d] ki[ e\ _j Wileez
\eh j*_h hwd][ ijleYa) je Wle_zj"[ d[Y[ii_jo e\ fkhY Wi_d]
Yecced iWbj\eh jMc+

?HAFCKB K;J?+

>mWh\? i[n KWIf[ mw fowdj[z kfed j[ ?nf[h_c[d]
@Whkime i[Wiedi) X[ _d] iemd kfed ijhed] WbaWie bm»_ Y~
mekbZ dej fhezkY[ 1hW_deh Wb\Wb\WGd -450 WhWj*[h j*_d
ijWdZ mWieXjWw_dz+ $C$e_bmW I[ho ZWcf Whblikcc[h+
;Xekj [ \_hij m[[a _d;klkij  j[ hWI[ X[]wd je cWwa] W
hWdalhemj*+ PA[d  Ykj ed L[fi_dX[h [/ _j o_[bZ[Z WjjN
hwij[ e\ Wb_jjb[ el[h \ekhj[[d WdZed[*Whb\jedi e\ ]h[[d \ez*
Z[h f[h WYh[+Cd-K52 hWi[ fowdj[Z ed ijhed] WbaWhekdz
WhbiecWZ[ [nY[bb[dj Jhemj*+ KWI[ _i WjjhwWYj_dgkY” Wijj[d*
j_ed Wi Wie_b_d] Yhef eh Wi\ehW]]) [if[Y_Wbbo\eh i"[[f)
P~ b[ _j_iwdwddkwibwdj_j cWofhel[ e\ IWbk[ kfed WbaWb_
ie_bi_dj ijwij[+

<IKB; K; IK PBCM? LP??M $FIO?K+
%bBk:<?9CB<32#!

i FWhWc_Wd2WijLAh_ZWdm([[j  Ybel[h "WicWZ[ bwWh][
Jhemj® kfed ijhed] WbaWle bi+ Nd\ehjkdWijlbo _ji[[ci je)
X[ e\ b_jjb[ehde IWbK[ kdb[ii _j X[ WiWwred[o fbwdj\eh X][[i)
ekl CMWI[ X[[d jebzZ _j _i Ykj WdZXWhb[Zeh YWijjb[\eeZ _d
fwhiji e\ Njw~+ Blh[je\eh[ C”WI[ mWhd[Zekh \Whc[hi dej
je fowdj j~ i Ybellh ed WYYekdje\ _ji ith(\wz_d] je fowYf[i
mAh[ dej mWdj[Z WdzX[Yec_d] WjheXb[6ec[ m[[Z) mA"[h[
Wbbem[#® h_f[d _ji i[[z+! K[Y[d] [nflh_c[dji _dZ_ YWjrWj
_jcWo X[ e\ iec[ IWDbK[ \eh WbaWbWdZje _cfhel[ j ie_b
X[eh[ fowdj d] ej*[h Yhefi+ Cd -453 WdWbaWlfbWj mWi

%CO@RLIGKE C\K\SXWBJUUO\STX( *.. YKQOF,.( :W \RS[MXWWOM\SMXEXPO[[XZBbb]WhZ
RK[ \XUN/O \RK\ SWMKUSPXZW8K&ZJ OO\ MUXAADOMKVOK _OONSW ROK\ PSOUNUUOZDP][ON
\X Xko \RO_ROK\& K[ S\LOMKVOKSW\ONS\R \RO [\ZXWQ&/OM]USK}E\IXZXP\RO MUX*OEDONKWNMXV"
foW_diK[ VKNO\RK\\ROPUX]RZXVJMR _ROK\VKNO]_d][nXh[WZ+ 1DY UKW\ORXXW" fkhfei[ s\

irekiz WX\LOKUUX_OM [YZOKN[]\ KUYUKWifek :NLO M\ _ROWSW.UXXV\X YZONOWRO fhe*
ZKY|_ech\i[[Z+  1G[K LSOWWSKIDXEN]MSVBY [OONRO[OMXWNDKZKWNROWN SWQ(
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fowdj[Z je im[[] Ybellh+ M~ _ii[Wied) -454) Wji*[ j_c[ _jmW
_dXbeilec _j"WzfhezkY[Z - '+jedi e\ Jh[[d jefi flh WYh])
WdZ mWi fbem[Z kdz[h \eh Jh[[d cWdkh[+ MA[ WIhwW][

ALY e\ fowdji mwil+. \[ WdzZYecfkiz W Zho "Wo
"l o_[bzZmWiellh \ekh WdZed[*Whb\jedi fln WYh[+:>mWi
Z \\_Ykbje foem kdZ[h ie bWh][WYhef+ F_a[ ej’[h b[lkc_d*

ik =C$ifiL j* i Ybellhjwali d_jhe][d \hec j"[ W_b% c[wdi e\
"l b_jib[ jkX[hYb[i ed j;[ heeji+ MA[ heeji e\ jei[ fowdii

m~_h*m[ [nWe_d[Z m[h[ b_j[hWbbgel[n[Z m_j* [ jkX[h*

Yb[) m*_Y~_dZ_YWi[i*Wj im[[j Ybel[h cWo fhel[ e\ IWbk[ Wi
Wd_jh_\o_d]WI[dj+ ;ZZ_d] d_jhe]ld je j"[ ie_bXoj heeji)

YecX_d[Z m_j* fbem_d] kdZ[h j;[ hwddhemj* e\ jefi je c*
fhel [ ie_bj_bj® WdZWZZkeki) _j \ X[b_[I[Z m_blewWa[

" bWdZkY~ ceh[ fhezkYj I[+

4-6AK <??$F$L+

KKIWb$X[[ji j*h_I[ m[bb kfed ie_bi ijheklbo _cfh[]*
ddj[Zz m_j» WbaWhwbji) :><Xi YbW_c[4"Wj [nYTii e\ Y”~beh_Z][i
_dj ie_bkfed m™ Y~X[[ji Wh[lhemd) i[h_ekibo _dj[h\[h[i
$m_jN  Yhlijw+bb_pWj &d” ik]wh _djX[ fheY[ii e\ cwdk*
\WYjkh[+ M”_i mekbZ ]_I[ de jhekXb[ ~[h[ Wi edbo icWbb
+Wcekdji e\ Y~beh_Z[iWh[fh[i[dj WKZj ikbf*"Wij[i Ze dej
b_d[ A iwce[ [\Yj +

VTi off m[ "WI[ de ik]Wh \WYjeh_[i)Xkj j*[ X[[i Wh[_d*
IWbkWXb|Wi ijeYa \eeZ+' P~ \Wijj[d_d] ijeYa ehc_by~
jirk ~ Wh[je X[ \[Z Zkh_d] j"l m_djh) _j m_bdWo je hW_i[
iklwh X[[ji je c_n m_j*ej’[h \eez) SUSX[[[i cWo X[ hw_i[Zz
kfed j"[ WbaWliwhj e\ j*[ \Whc) Xkj _d ehZ[h je fhezkY[
C\Wksio_[bZi jA[ bWdZ” ek Czb_[\[hj_b_p[Zj* iWc[ Wi Wdo
ej"[h ie_Ukfed m”_Y~X[[ji Wb$¢ X[ ]hemd+

CCC 53 WdZurpor m[ Jh[m ik]Wh X[[ji kfed ie_bfhwyYj_*
SXQWM$[[ \hec WbawbNdzZkfed ie_bYedjw_d_dje ckY”® Wb*
awb_j*Wj ehZ_dwWhorhefi mekbzZ dej lhem+ M7 Yecfei_*
ied & j | Wbawbw i*femd Xo WdWhboi_icWZ[ Xo Gh+

%CORvec_d]  hWj_edJUUO\SW()& C\XMT7OONSWIQ=KWNOZ(!
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@W_h\_[bA j°[ ifh_d] e\ -453 mWiLeZ kc WdZJejWii_kc
="be_* Z[WO+K5") LeZkc LkbfAWj[ 1,+-2") GW]d[i_kc Lkb*
AW .+ K" WAZ=WbY_kcLkbfWj[ --1+0-"+ %<Kkbb[j_dHe+
. D4+ 6 .K&+MA[ ie_bmWidej \[li_b_h)fZ_d[ jAh YWIi[WdZ"[
o_[bZmWickY” bw]lh ed ;[ WbaWbe b+Cd-453 j"[ X][Ij
PJ-1[ WkWbop[Zoj N+K+>[fWhjc[dj e\ ;]h_Ykbjkh[) i*em+
_d] WoWh][flhY[dj e\ iK]Wh WdZ® ¢ fkh_j o+ MA[ hikbji WHh[
1. md _dj[ \ebbem_d]jWXb[6
.D82A)66CR2C,2A2=:6#

>GCIB _ 8PE@MG
10KZ( <SWNXP=KWN( AOZ2MZO( B[[j+ 6MGOR

AXIWN[( J[hY[dj+
&&&&&&&&&&&&&&)&&&&& &&"& &

P_jrekj WbaWb_ --)-TO/ -+, 45+,
53 Attt +d Tjhed] WbaWb -0)042 -5+3 #N
EEEEEEEEEEEEEESE  E&EEEE: &"&&]&&&&
$? ?2;G2FL:l KUTKUS
$ 1 SOMLKERIH@IG y* PQ &% $$%
B6@=2>2D:@"7 @7 2=<2=: LICFL+

MA[ ebZiwo_d] j*Wj 'Wd ekdY[ e\ fh[l[dj_ed _i mehj* W
fekdZ e\ Ykh[! _i dfoWY[A[h[+ P~ b[ _j+cWoX[ _cfeii Xb[
je fhlll[dj N WYYkckbWj_edVdZh_i[ e\ WbaWted Y[hjw_d
fehj_ed) e\ j"[ \ND$UXG)Wa_d] j\[ cWijj[U$ _d "WdZ [Wh+bo
N ic[ e\ bwdZX[Yec_d] kdfhezkYj_I[ cWo e\j[d X[ Whbceij
_dZ]\bd_j[bofeifed[Z) = M"[ bem]hekdZ mA[h[ _j _i [nflYj[Z
WbaWim_bh_hij Yec[ je j*[ ikh\WY[ ifekbz X[ a[fi _diec[
%lI$t--+ki WHA\Wb\WH Y~ m_bbi*WZ[ N[ ThekdZ N Th[Wijlh
fWhj e\ j7 j_cD) ehfowdj[Z je kY™ Yhefi Wi YWdX[ jreh*
ek]*bl Ykbj_IWj[Z je beeild j[ ikh\WY[ WdZfh[l[dj [Iwfehw*
j_ed+

MA[ edbo [nflh_c[dji  m[ "WI[ cWZ[ _dh[YbW_c_drwI[
X[[d Xo ef[d Z_jY*Zhw_d_dWjL h_ZWd+Cdj ikcclh e\
U\bled[ "kdZh[Zz WdZMPMXLi e\ ef[d Z_jY*m[h[ ZK] je
ZhW_dVvXekjj[d WYh[ie\ j/[ dehj™*m[ij Yehd[he\ j* \Whc+
MChyR&Rebj[ \Whc _i kdZ[hbW_Zn_j* "WhZfWdwWdZ"[ b[wWY"*
_k]i e\ Wbawthec [ ~ J"[h bWdZebbem[Z Wbed]j* i "WhZ*
fWd s> j\[ beml[ij* fWhj) mA[h[ A iWhji YWhdje [ hkh\WY[+
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fwhj e\ N j_c[ N mWijlhb[l[b mWiwi”*_ 1" Wi)eh WXel[
L ikh\WWYT e\ jA ThekdZ) WdZe ckY” WbawWNlebb[Yj[Zj [h[
"Wj [I[d m[[zi m* Y*ehZ dwh_igh_I[ _dj* fhli[dY[ e\
ikY” iWbji mekbzdej lThem+ Cd-452) ed[ ~kdZh[Z WdZm[djo
hezZi e\ WZZ_j_edW®bjYN)jme\[[] Z[[f) mWizk]+ M"[ \ebbem*
_d] [njhwYiji \hec N WddkWhth[fehji e\ Lkf[h_dj[dZ[d]
F[m_i i_dY[bK51_dZ_ YWijh_j* m"WjikYYTii j* Z_jY~i "WI[
W_Z[Z dh[YbW_c_dj bwdz+

?njhWYj\hec K[fehj e\ - 516 !lc ed[ ~“kdzZh[Zz WdZ
\_\jo hezi e\ Z jY» cWZ[ zkh_d] j*[ ikcc[h m_bbx j* da)
fhell Wh[Wj X[d[\_j je j* WbaWbwWdZ+* mWijlh Ze[$ dej
ijwdz ed j°[ ikn\WY[Wi_jZ_Z+!

K[fehj e\ - 526 'BWI[ cWZ[ ed[ ~kdzh[Z WdZjm[djo
hezi e\ dim Z_jY™) Yedd[Yj_d] m_j* Z_jY~cWZ[ Zkh_d] -451)
m”~_Y~_i Ze_d] ckY™ JeeZ _dh[YbW_c_djJ"[ WbaWwbwdZzZ+!

K[fehj e\ -4536 !) Yedi_Z[hekh [nflh_c[dj m_j* Zzhw_d
Z_jYNi Wi Zed[ WdZm_blkze WIh[Wj Wcekd] e\ leez _dh[*
YbW_c_dj bWdZ+FwWdzZj*Wj Wi X[[d W m"_j[+ iceej*
WbaWK[Z \eh j"[ bWijj*h[[ D[KC$ii dem Wblellh[Z m_j* W
AWlo Jhemj® e\ m[[zi WdzZlhwii) jA[h[  X[d] Xkj b_jjb[
WhbawWim”_Y”_i WffWh[dj je j*[ fWii[h*Xo+!

67764DC @7 5:776B6?D 2=<2=; C2=DC @7
C665 86B>:?2D:@7(

i WYedj_dkwdY[e\ 'l bWXehWijehoeha ed i[[Z ][b!
c_dWj_edX[Jkd _d-452 Wdzh[fehj[z _d<kbb[j_d He+.5) Gh+
TO49' @W_h\_[6EWdd[Z WdZYWhh_[Bkj gk_j[ Wd[nj[di_I[
[Inflh_cldi je ~em j"[ YecfWhW,_I[ [\[Yji e\ Z_\[h[d]
WhaWbwbji+ MA[ Yh[Z_j\eh > i [nflh_c[dj) [ YWh[Kkwd*
dlh _dm”_ Y~ jmWiYWhh_[@kj WdZ[ \kbbdej] WdZWXKbw*
i_edi e\ j[ h[ikbji X[bed] m~ebboje rbh+@W_h\_[bZ#bWh][
fWhj e\ mreil j_c[ mWiz[lejz je Wd[dj*k _Wij_YijkZo e\
[ cWiilh _dXWdz+MA[ [nflh_c[dj mWi\_d_i"[Z _d GWhY~
e\j[ fhli[dj o[WhWdzh[ikbj[Zz _dZWjWeé\ ckY~ _dj[h[ j WdzZ
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IWbk[+ CdehZz[hje ikXijwdj W[ j*[ h[ikbji eXjw_d[Z\WFWhij
e\ j[ [nflh_cldj mWih[f[Wjlz _dHellcX[h je Y~[Ya
hlikbji XoXh_d] d]j i[Zi _dje YedjwYjm_j*j"l Wbawie*
bkj_edi _dWZ_\[h[dj mWo+$F$Yd[hWhb h[ikbji e\ j[ Y~[Ya
[ ie Ybeil je jeil _dj’ eh_] dwhbdl[i_JWj_ed j*Wj j"o
b[WZe j°[ iWc[ YedYbki_edi+

:Xi dej ekh fkhfeil ~[h[ je cWa[ W\Akbb h[fehj e\ j*[
[nflh_c[dj  eh Wj[Y~d_YWIHZjiYkii_ed e\ j[ hlikbji+ MA[h[
Whliec[ fe_dji e\ _dj[h[ij wWdZawbkK[je j[ I[d[hWb h[WZ[h)
Nem[l[h) m~_Y~Am[ m_i® je dej[ Xh_[\bo+:Xi [nflYj[Z [
\kbbh[fehj e\ j" meham_j* Z_W]hWcWdZWXb[im_lbX[ fkX+
C_iNZ_dj" wddkwh[fehj+

K[[Zi e\ m"NWj WdzZho[ m[h[ ]J[hc_dWij[Z _dfkh[ mWjfh
WdZ_diebkj_edi e\ YWhXedW§\ ieZW%XbWYébaWbY&heh_ Z[
e\ ieZW %Yecced iWbj&)kbfAWj[ e\ ieZW %]bWkX[ANVbj&)kb*
AW e\ cW]d[i_ W %[fiec iWbj&WdZ_d ik]Wh iohkfi j[
jh[d]j® e\ m™_YAWh_[Z dj[ iWc[ flhY[dji W jrei[ e\jY
iWbji ki[Z+ 2?WY7e\ j/ iWbji ki[Zz wdzj®[ iklWh m[h[ Wif*
fb_[Z je [ i[[zi _dijh[d]j™i e\ ed[ j[dj* e\ ed[ flhY[d))
\ekh j[djni e\ ed[ f[hY[d)) i[l[d j[dj*+ e\ ed[ f[hY[d)) ed])
jme) j~h[) \ekh) \_I]D i[l[d) wWdzd_d[ f[hY[dj iebkj_edi+ M~[
+JWhmWiki[Z je j*hem b_]" kfed Wj[Y"d_YWIibe_dj) m~ Y~
AWZ X[[d  iK]][j[Z I[ Jhe\liieh 4-jied) m~[j*h N hle
JWhZ_d][\[Y] mWiZzKk[ je j° eicej_Y fhliikh[i [n[hj[z Xo
"N Z_\[h[dj Whbjebkj_edi+ M"[ [nf[h_c[dji i“em AW A
N YW wdZzn [ \WYjjrhemi ckY” b ] kfed [ cwdd[h
_dm™ YA _dkhoje i[[Z ][ *c_dwj_ed eh fbwdj Jhemj?
jwa[! fbwyY[+

Cdji"[ [ [nf[h_c[dji _j*"WiX[[d Wceij dejWXb\WYijj"Wj
icWbbWcekdji e\ WbaWWhbji Wj[ X[d[\_Y_Wl Wjb[Wij j*"Wj
Nlo WYY[b[hW|[dij[WZ e\ h[jwWhZ][hc_dWj_ed) Qe ZekXj
)cWbbNcekdji fhli[dj _dj’ ie_bWbiewii_ij _dj* b_\[e\ V]
fowdj) [_j*h ij_ckbWj_d] _ji Jhemj® eh WYj_d]Z_h[YjboWi
fowdj\eez+
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$j"[ \ebbem_d]jWwXb[i*emi j Wcekdj e\ iwWbji m™ Y~
cWo X[ fhli[dj m_jrekj h[jWhZ_d]j*[ ][hc_dWj_ed e\ m [Wj
Wwdzho[ i[[Zi+ :Xi”k[ j*Wj bwh][h+kdekd;ji j*Wd j* i) m™_b[
o h[wWhz[Zj JHc_dwij_ed j°[ \_hij \[m ZWoi) YWKI[Z "
i[[Z je J[hc_dWj[ [T$?jdWij[h j*wWd j*l  Z_Z d mWijh+W\j[h
N i~ _hZje X[ \\j ZWoXXkj _d[WYAYWI[j  jejwbdkeX[h
e\ i[[Zi m”_Y~mekbZ][hc_dWj mWib[ii j"wd m~[h[ de iWbj
mwifh[i[dj+

2KQWO[SIVCE ARKIO CXNSIVCJUYRKIO( CXNSJV #RUCENO{ CXNSJV =WhXedWwil+

Lebrr_ed+ :WCXSU( Lebrr_ed+:W re$b+ Llbrr_lbb+ :WCXSU( Lebrr_ed+ :WCXSU(

PAWitr #$r 7 % 43l wog o o a0
Ko[+ + + -+, A+ T7& ,+3 ,+-3 (+ +- - e

$b$ NWhji Wh[_d’kh_eki _d j[ ehz[h j"jo Wh[]_I[d _d
1 JWXb[+ $C$bXbWYavbaWsieZ kc YWhXedWj[& ckY”
ceh[ _dkh_ekij*Wd j*[ ej*[h iWhji) X[YWKI[ _j Wi WYehhezZ*
_d] D\LYj ZK[ je JAL \WYjirWj _j_i dej Wd[kjhWbiWbjWd2Ah[[
WY_Zi fhli[dj je fhezkY[ WiWh[ e\ j\[ ZWcW][+ I\ [

Whiji Yecfei_d] ekh Yecced m” j| WbaWkW]d[i_kc ikb*
AW if[ci je X[ jA[ b[Wij _d'kh_eki) m" b Yecced iWhbj
%ieZ_kc Y~beh_Z[&i ceij _d’kh_eki+ @ehjkdWijlbl jAlh[ i
I[ho b_jjb[ ieZ_kc ebeh_zZ[WiieY_Wj[Zm_j» j*[ ikbfA*Wij[i e\
ieZWwWdzZcwW]d[i_W _dekh WbaWb _:»ekbZ X[ [nfbW_d[Zj*Wj
M flhY[dj e\ iwbj_diebkj_ed WdZ~[ f[b$q$[d] dj*[ ie_bcWo
X[ I[ho Z_\\[h[dj kdZ[h dWjkhWbredZ_j_edi+ @eh[nWcfbl)

h[  cWo X[ WbWh][Wcekdj e\ zZhl iwbjfh[i[dj+  Mdb[ii _j
_i _diebkj_ed _j YWddej\[Yj j fbwdj\eh j*[ Zho Yhoijwhbi
Ywddejdjlh j* i[[Z ehfbwWdjWdZckij h[cW_d_d[hj kdj_b)
_djr[ th[ [dY[ e\ mWijh)j"lo Wh[Z_i_ebl[z+ M7 f[hY[d] e\
iWbj_djr  e_b] I[d WXel[ _il[ij_cWj[Zz kfed [ XWi_ e\
/(+1" e\ ce_ijkh[ X_d] fh[i[dj+ $b$ndi)_\ N[ mw
A+," e\ Whbj dj ie_b+\.0+1" e\ ce_ijkh[ m[h[ fhli[d]

WdZZ_i ebl[Zz Wbb\ j*_ iWbjj*[h[ mekbzX[ Wd_d[ f[hY[d]

iebkj_ed e\ iWbjje fhezkY[ _ji [\\?$jlbkfed A K[[Z ehfbwdj+
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2XWiX[[d \eddZ j*Wj \Im[h i[[Zz m_bl_I[ WdZ jjwali+
bed][h \eh j*[c je J[hc_dWj[ Wi ijh[dj* e\ iebkj_ed
_dYh[Wi[i Wdzj*[h[  _i WeWha[Z Z_\[h[dY[ X[jm[[d j" Z_\*
\[h[dj iWhbji+

?_MNo*L 1N flhY[hhj e\ JA[ i[[Zi e\ mMWj ][b$bd_dwij[Zz
_dmWijlh+ Cdj*h*[[ f[h*Y[d] iebkj_edi e\ j*[ iWbj $Wcekdj_dih
je d[Whbg"h[[*\ekhj®i e\ ed[ flhY[d]j e\ iWbj_dj* ie_bj
\ebbem_d] f[hY[dj e\ j" [ mAWj mWi)]lhc_dWij[Zz6 <H\&
dli_kc ikbf"Wj[) 42") ieZ_kc ikbfA"Wj[ 3,") ieZ_kc Y”"beh_Z[
/1") ieZ_kc YWhXedWH0"+ H_d[jo*i_n f[hY[dj e\ j ho[
Jlhc_dWj[Zz _dmWijlh+ Cdj*h[[ f[hY[d] iebkj_edi e\ j*[+ Whbj+
[ \ebbem_d]f[hY[dj e\ ho[ ][hc_dWij[z6 GW]d[i_kc ikb*
fAWj[ 5.") ieZ_kc ikbfWj[ 12") ieZ_kc Y beh_zf4") iez_*
kc YWhXedWj["+ M”_imekbZ_dzZ_YWj*Wj ho[ m_bljwdz
ijn*ed][h WbawpWwd m_blP~Wj) m”~_Y~Yehh[ifedZi m_j* ekh
h[ikbji fkXb_i"[Z _d<kbb[j_d He+.5+

CdWzZZ_j_ege M jliji kfed i[[Z ][hc_dWj_ed gk_j[ wd
[njldi_I[  [nf[h_c[dj mWi YedzkYj[Z m_j» WbaWhb d feji+
<[YWKi[ e\ YedZ_j_edim”™_ Y~ _j mWiZ_\\_Ykbje Yedjheb m[
m[h[ dej WXbJe ZhWn¥edYbki_edim”™_Y~mekbzZX[ WKj dj_Y
hOWhz_d] j*l [\Y] e\ jMi[  iwbji kfed jA[ fbwdj Themjr)
XKj "I DMY] e\ jM iWbjiebkj_edi kfed jA[ [IWfehWj_ed e\
mWijlh\hec ie_b_ie\ _djh[ij+ M "WjWbaWWVbji "WI[ WdWf*
fhlY_WXb[\[Yj kfed [ Y AWhWYij[R\ N e_b%[if[Y_Wbbo,
_dj"[ YWi[e\ XbWYsbaWbn®ibed] W]efe_dj[Z ekj Xo Jhe*
\liieh B_b]Whz+?I[hoed[ m”e Wi ]_I[d WdoWijj[dj_ed je
WbaWtie_bi Wi fheXWXbaodej_Y[Z j*Wj j"lo WI[Wh ZWcf)
m~d WZe_d_dbwdz<®Vo i[[c  f[h\[Yjbo Zho+ Cdj \eb*
bem_d]jWXb[["[ dkcX[h e\ YkX_YY[dj_c[j[h e\ mWijh[Iwf*
ehWj[Z [WY~ZWo\hec feji e\ jA[+ Whd[ _p[ WdZ edjw_d_d]
" iWc[ Wcekdj e\ ie_b)Wh[]_I[d+ M7 Wcekdji ]_I[d Wh][
WIThW][i e\ j"[ Wecekdji e\ mWjlh WzZzZZ [WY” ZWo\eh j[
\_hj j[d ZWoije jWwa[ foWY[e\ j*Wj beij I[ [IWfehWj_ed+ @eh
"I \_hij jl[d zZwWoij* h[ m[h[ de fowdji _dj feji je jhwd*
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if_h[ mWjlhwdzy~wd][ j*[ h[ikbj+ MA?h[ Wh[cWdo _hh[]k*
bwh_j_[idj jwXb[)fheXWXb&k[ je Z_W\h[dY[ _dj* feji
J*[cilbl[i) Xkj M ld[hWb h[ikbj _i j° iWc[+ @hec j[
feji Yedjw_d_dde Wbawk3+3 Y+Y+m[h[ [IWfehWj[Z [WY”?
ZWom”™_b[jMN Weceekd) e\ mWijlh beij \hec jrei[ feji Yed*
jwW_d_d]5 " iebkj_edi %[gk_IWb[dje .+." WbaWhbdie bm_j»
.0+1" ce_ijkh[& mWiWffhen_cWj[bo ed[ "Wb\WickY”"+
+>7<D6>38B(<;2<: .2<<Bwx*D2@7?A2C:?¥ 02C6 A/ A?=-?CB#
M(M(XP_K\OZ O~KYXZK\ONYOZNK'(
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