
indeed, much more frey-i~eiitly sought tha11 ob- 
tained. The langaaqc. is plain, and the gcornetri- 
cal illustrations are nurnergus and good. The 
serious faults of the hook are sins of orniss~on. 
We look in vain for the custon~ary chapter on 
the change of the inclepenclclnt variable, and we 
find a strange Eirriitation in  the treatment of the 
important subject, 'maxirua and rnininra.' The 
autllor irere contpnts hi~nsclf with the disc~usslon 
ot functior~s ot a single variak)le. Tllc w e  of 
syrnbolic methods, iuvolving the exte~lsicliof Ille 
mathematical Inn s lor t he c~omI)ination ol quant~ty 
to the syrnlr~ols of operat~on,1, rlecessary in the 
modern rlilferential calculns. In tlns u ork the 
principle introduced is explainetl in ail cxc~llent  
manner, but a fuller exempl~tication of itr legiti- 
mate outgrowtl~ is desi~able Mole illustrations 
should be given, especially of the syrllbolic 
nrcthotl of extentling raglor's fornlula to se\erxl 
vatid)les. Tbe c.hief strength of the t~oolr lies l r l  

the chapter, relrting to the, t h ~ o r y  of planrcnr\es. 
In  not a few cnses we find greater detarl and 
tl~oroughnes>than in the corre~pontlrng c1i:ll~ters 
oi its pri~decessors. 011the whole, wh~lcx no tle-
cltled no! elty oi trc~atinent i5 sllown to tl~ose ac- 
quainted with the he\t norks hitherto l)r~I)ltshei, 
the production is a cred~t:~ble,nseful treatise, 
~11Roatother faults than tlloie rr~entionecl rtbove. 

T a o n l ~ sS. FI~KE. 

!lZE ALKALI LANDS OF' C~ALIFOlZnllA. 

TFIE ttxrrn ' allrali soil ' is used in Callfor~ua, and 
the western states generally, to denote any soil 
\vhich contains an u~iusual a~nourrt of soluble 
salts, particularly wlien they rcntler their prrxsence 
manifest by an eflorescence on the surl'acc,. Tlrcse 
salts may be simply an excessive alrlount of the 
neutral salts found in rninute a~~iouri ts  in all soils, 
or, in those so~ls  u~ore  prope~ly deslgnate.1 as 
alkaline, they may con5ist 111pall of ca~bonatc of 
soda 

By the natural processes of evaporation a t  the 
surface and c:~pillary rise froir~ below, these ialti 
tend to accunlulate near or a t  the surlacp, thus 
piotlricing the efflorescence above noted, ant1 also 
tlestioyiflg or injuring the crop by their corrosi\e 
acation on the loot-crown. 

I n  the actually :~ lk :~ l~ne  con-soils, i.c., In those 
taining carbollate of soda, another injuriou? cftect 
is a1st1 observed. The w11:~t is alka11 preve~~ts  
known as the ' flocculation ' of the clay containetl 
in the soil ; that is, i t  keeps it1 the finely divided 
co~rtlitionseen in puddled ' clay. Such a soil can 
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never be brought into proper tilt11 ; even the n~ost  
thorough cultivation only succeetls in hreaking it  
up, into larger or srrraller clotls, and leaves it  in a 
corlcl~tion entirely l~nxtntetl for the g r w ~ t l l  of 
crops. 

These allcali soils are solnewhat abundant in 
Calitornia, notal)iy in tllc otlleuwise extre~nely ft~r- 
tile Han Joaquin .valley; and the ch:~racteristics 
outlintad above have, been tolerak~ly fat-tl~liar for 
years. Tt w;ls not, however, until i t  was tlis-
coveretl that the process of irrigation, so rsst~ntial 
in the dry clirnate o f  that region, w8.s serving to 
extend tlre area of these :~llzali soils, and even de- 
veloping t1rer11 where they tlicl iiot cxiqt I~efore, 
that the nlagnitude of the probleirr which Lhey 
present was ger~crally :~l)prec.iatt!tl. 

The pamphlet untler review is a summary of in-
vestigations carried out aL tiifrerent tirnes rtt tlle 
College of' a,gricultur~ or the Uni\-ersit.v of Cali- 
fornia, anti in connect~on with t,he U. S.ctmsus 
of 1880 by Prof. E. W. Hilgard, than wlrorll t h c ~  
is probably no one more erninenLlg qualified to 
deal with tlre yurstion scientifically and prac-
tically. 

A-ccording to Profes~or Rilgartl, the imrnetlinte 
source of tlre allrali is usually to be found in the 
soil-water, though it would appertr, tl~rtt, in some 
cases at  least, t,ho lower strafaof the soil itself may 
contain either these salts or coruporinds whicll 
readily yield tC1er11 t)p weathering. When reacbt~d 
by digging, the soil-water is not necessarily jler- 
ccptibly sa1t.y or alkaline ; but as it evaporates 
a t  the surface, and is supplied from be lo^^, tlte 
soluble salts are concentrated in a very s11allow 
layer a t  the surf:lcc, the solution becoming strong 
enougll to lrilI crops, or even depositing tt~le solid 
'alkali.' 

I t  is thus evident that the !nost important factor 
in tlcterrriining the anlount of alkali wllicll ac-
c~~nlu la tesa t  or near the surface of tlle soil is t l ~ e  
amount of soil- water k)roaglrt up fronl below by 
capillary action and t\v:~poratcd ; and :my thing 
which increases the craporatioii will tend to 
ir?cl.e;lse the :I nlount of ' allrali ' deposited, and 
to rnalcc! its prcscncc perceptible in spots r ~ h c r e  
herore it was not present, or prescnt in such 
rnir~t~tc as to protluce no harinful efl'ccts. au~ounts  
This, irr~gation, as ordinarily pr:~ctisccI, cloes. If 
tiw irrigation-water is usc!tl somewhat spnriualg, 
so that it all finally evapora6es frcnl the sllrface. 
two offcc s follow : first, the great.er amount of 
water passing first tlownmard, and then upwartl 
through the upper strata of the soil, tends to ex- 
haust it more Dhoroughly of its allrali, conct.ntrat- 
ing ail of it  a t  the surface ; second, by irrigation 
thc soil is moistened to a greater deptlr than it  was 
hy t l ~ e  rainfall only, and thus :L grea.ter an~ourlt 



of soil is espoced to this leacl~ing action, ancl 
more alkali put i a  circu!ation: particularly if these 
lower sbrata are rich ia  allrali or materials yield- 
ing it. 

If,  on (be other haacl, the water is used lavislil~ 
but ~vithont proper provisions for drainage, evil 
effects are prorluced in a sorilewhat different way. 
In this case the level of the hydrostatic water of 
the soil (its \vat>er-table) is brought nearer the 
surface. The n-ater has a less clislance to rise by 
capillary actiou, hence rises more abundantly and 
for a longer time, and a n  accumulation of alliali is 
brougl~t about. In one or otller of these ways is 
brought a'ijont the phenomen?on \ v ~ l l  des~rihed in 
local iloinenclature as the ' rise of the alkali,' -a 
thing which is threatening most serious injury to 
the irrigated lands of the San Joaquin valley. 

A11 these and c>L!ier p~oints are hroi,~gllt out 111ost 
plainly in detail in  the report before 11s. One in- 
teresting poinh deserves special mention. Analy-
sis shows that the alkali of these soils is in many 
cases rich in plant-food, often containing pl~os- 
phates and potash salts in  practically inexhausti- 
ble quantities, and not infrequently considerable 
alnouilts of nitrates : and tha,t, if its excessive 
accumnlaticn can be prcrentctl, the soils contain- 
ing it 1%ill prove estrenlely fertile. 

Tlle question of remedies is fully considered. 
Wlien irrigation is practised, the prime concti-
$ion of success is a tl~orough systeni of drainage, 
combined with an occasional flooding with alarge 
ynaatity of water, in order to wash out the soluble 
alkali into tlle drainage in case the rains of the 
rainy season (lo not accomplish this suE~ciently. 
Drainage may, further, so iower the water-table 
as to greatly clin~inisl~ water rising the ainonnt of 
through t l ~ e  soi!, wlii!e the roots of plants can 
readily penetrate lo consitlerahle depths for a sup- 
ply of water. The aathor is very emphatic in his 
statements thaL irrigation without furl~rovisio~, 
drainage is suicidal. 

Second in ilnporfance to drainage, is tllorough 
cultivation of the surface in order to climinisll 
evaporation. Xulcl~ing has a similar effect. 
Tl~is  necessitates, however, the cultivation of 
crops admitting of tillage. Tlitllerto wheal has 
been the staple crop of the region under discus- 
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sale, he suggests, first, cotton ; then the castor-
bean ; flirther, fruits, espec-ially raisins and 
prunes ; ant1 possibly sugar-cace ancl sorgl~um. 

As supplementary to drainage anrl tillage, cer- 
tain cl~e~nical  antidotes riray be eu~ployed. Land 
containing carbonnt~ of soda is greatly bene(ited 
by gypsu111 ; a tlouble deconlpositio~~yielding. in 
the presence of water, arbon on ate of lime and sul- 
pllate of sod., both relatively innocuous as com-
pared witl; carbonate of soda. Solu\de earthy 
and metallic iinlphates and cllloriiles rrjay be pre- 
cipitated by lime, or sometimes l ~ ycalcareous 
marl evpn. 

It is ericlent, h o ~ ~ e v e r .  $hat these cherliical an- 
tidotes only cllcnge the nature of tlie alkali, but 
do not remoT7e it; fronl the soil. Indeed, they 
tend rather to add to tlie amount of eaeily soluble 
matters in tlie soil, and, when the amount of 
allrali is at all large, are to be loolied upor1 simply 
as adjuncts to tlle ineasnres before mentioned. 

Tllus i'ar the irrigation-wat~r itself has beell 
tacitly assumed to be pure. I11 fact, however, 
this is by no rneails the rase ; and a most impor- 
tant part of Professor I-Iilgard's work upon this 
matter has beell liis exalr~inations of tlie water 
available for irrigation. The water of Tulare 
Lake, for exanil,le, -one of the large bociirs of 
water that hacl ?)eel1 counted on for purposes of 
irrigation, -was found to conlain so 1n:lch allrali, 
espcuiallg carbonate of socla, as to render it unfit 
for irrigation. Kern Lalie ancl N~icna Vista Lake 
were foo~ld to be even inore alkaline t h a n  T ~ ~ l a r e  
L ~ ~ l i e .TP,hesc waters, zc7~e)zco~~ccrzt.zcite,cl the soil 
by el;upo).crtio?c,:nust rapidly increase its content 
of alkali, and prove fatal to all cultivated crops. 
Eve11 tho lxuer ~vaters of the rivers were found 
to colltain inore or less allraii ; 2nd in regarc1 to 
theill all, tlte necessity of combining drainage 
with irl igation is to he emphasized. 

A mosl; interesting and instructive appendix to 
Professor Iiilgard's report is constitutecl by the 
reporl of the ' rel~committee' for the Aligarh dis- 
trict, nortlic:a India, ~ e hbeing the Hindoostnnee 
equivalent of 'allrali.' Froni this it appears, that, 
in the irrigated districts of northern India, the 
sanle phenomena have been observed as are now 
developing themselves in California ; and the 

sion, regarding wlricll Professor lriilgarcl r e ~ ~ ~ a r k s  is now confronted wit11 the necessity govern~l~ent  
that " i t  would really seen1 as if, in the broadcast 
culture of cereals, the farmers in the alkali districts 
had inacle the worst possible selection for the per- 
manent good of agriculture in ilieir region." As 
crops suitecl for alliali soils, he suggests alfalfa (a 
deep-rooting crop, which shades the ground and 
thus diminishes very largely surface-evaporation) 
for a forage-crop, and also roots, where these can 
be utilized for feeding purposes. As crops for 

of carrjing out difficult and costly remedies, or 
apparently of abandoning altogether or in large 
part its sjstenl of irrigation. In  regard to the 
question of remedies, tlle Inclia~l committee is 
substantially a t  one with Professor Hilgard, mak- 
ing due allo\vance for the fact that in India the 
question is one of remedying an existing evil, 
while in California it is as yet largely one of 


