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sow, Zi\volIia, and 3Ioisseetv (1832-3111, and a few 
notes by Hofer and Nordensliiijlcl, and from his own 
observations, Grinewetzky gives tho following sketch 
of the south island of Sovaia Zelnlia. I t  may he 
divided into three parts. The northern lies between 
l\latotschliin Shar on the north and tlre Pulrowaja 
River on the south: this part lias the highest moun- 
tains (four thousand fect), forming isolated gronps 
rather than ranges. The central part, extending to 
the Iiarellia and Gelushia Rivers, has five or six 
parallel ridges, running generally north and south; 
blacli slate is common; and the watershed is about 
seventeen rniles froin the west coast. The southern 
part is a rather low plateau: the Goose Land (Gnsi-
~vayaZe~nl ia)  this part, which is free from is incl~ideclin 
snow by tlle end of June,  and in July has a rather rich 
yegetation, especially on the gently sloping ground. 

Dr. Grinewetzky also expressed tlie opinion that 
tlle ~irild reindeer of tile northern island belong to a 
totally distinct sub-species froin those of the south- 
ern island. 

LOSS OF NIZ'ROGEAT FROiCf ARABLE 
SOILS. 

TIIErenewed attention of agriculturists I1a.s of late 
been clramir to the questiol~ of the nit.rogen supply 
of cultivated soils. On tlie one hand, Schnlz, in 
Germniiy, claiins to have brougllt about a gain of 
nitrogen on a sandy soil by ineans of the cultivation 
of lupines, and manuring with Icainit. On the other 
hand, Lawes, Gilbert, and War i~ ig ton ,~  in England, 
hare  published results which show that a very 
considerable annual loss of nitrogen occurs in the 
drain-water of cultiratecl fields; and experiments by 
Dehe'rain,Vi~ France, show, according to his inter- 
pretation of them, an  alarming decrease ill the total 
nitrogen of the soil in the course of a few years, and 
in spite of abundant manuring. 

Schulz's experiments have added nothing to our 
Bnowledge of the natural supply of nitrogen to the 
soil, and it is not proposed to consider that  topic 
here. The results of Zawes, Gilbert, ancl Waring- 
toc, and of Dehe'rain, horneyer, have attracted much 
attention. If they are to be accepter1 without re- 
serve, they lead to the conclusion that the fertility of 
our cultivated fields, so far as it depends upon their 
nitrogen, is being removed in the drainage-mater, or 
in other ways, a t  a comparatively rapid rate. 

The instigation to Lawes, Gilbert, and Waring-
ton's experiments was given by the observation, that, 
in the lielcl-experiments carried on for a series of years 
at  Rothamsted, scarcely a third of the nitrogen of the 
manilre was fomicl in the crop under the most favor- 
able conditions, while, in tllose cases in which no 
mineral manures were applied, tlie deficit was much 
greater. The most obvious conclusion mas, that there 
must be a great loss of nitrogen in the drainage; ancl 
experiments were instituted to test this idea. Their 
earlier experiments mere with three lysimeters. Ex-
cavations mere made under and arouild an area of 
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a t l~ousandth of an acre. The mass of soil thus 
isolated mas snppoited by peiforated iron plates, 
arid surroandetl by inasoriiy, thus leaving the soil 
with its natural strnctnrc. The quantity of water 
percolatin< through this soil has been determined 
sincc 1870 ; and since Xay, 1877, its content of 
nitrates has been also determ~ned. The soil mas 
nncultivated ancl free from vegetation. Numerous 
interesting facts are disclosed by tllese determina- 
tions, but tha t  which non interests us  chiefly is tllc 
quantity of nitrogen fonnd in thc drain-water. This 
amounted, in the  average of four years, to 46.36, and 
44 pounds per acre, a t  depths respectively of 20, 40, 
and 60 inches. 

Sl~bsequently the same experilnenters have de-
termined the nitrates ill the drainage-waters from 
their experimental wheat-field, each plot of which is 
drained by a sinqle lateral at  a depth of 24 to 30 
inches. Having no means of ii~easuring the drainage, 
tlie authors take, as tlle basis of their calcnlatioii of 
tlie loss of riitrogen, the anlount of drainage-nater 
yielcled by the 60-inch deep lysimeter a t  the same 
tune. On this assumption, the annual loss of nitrogen 
varied frorn 16 and 16 pounds per acre, on nnmanared 
plots, to as high as 74 pounds per acre. 

I t  is gleatly to be regretted that the authors mere 
not able to measure the drain-water in tllese experi- 
rrients; for the method which mas adopted to supply 
the deficiency leaves much to be desired. The soil 
in the lysimeter was uncultivated and bare of lege- 
tation: that  of the wheat-field was cultivated, and 
bore crops of wheat varying considerably in amount. 
Botli these circumstances affect the amount of drain- 
age-water. Cnltivation, especially of a clay soil such 
as that a t  Rothamsted, may affect very markedly the  
ease with ~irhicll water passes do~irn~vard through it, 
the amount of water nhich  it can retain in its inter- 
stices, anrl the rapidity of evaporation from its sur-
fare. The growth of vegetation exerts a still greater 
effect on the movements of water in the soil. I t  lias 
been shown by numerous observers, that  much inore 
water evaporates from a soil covered with vegetation 
than from a bare soil, and that  consequently much 
less of the rainfall percolates through the  soil. T h e  
diminution of the drainage-water i n  this way has  
also been directly proved by Wollny. Furthermore, 
tlie various lslots in these expeiiments carried nn-
equal quantities of vegetation, so that  the amount 
of evaporation clue to this source must have been 
unequal also. I t  appears, tllen, in the highest de- 
Sree improbable, that the quantity of drainage-water 
actually was the same for each plot as was assumed, 
and unlikely that  it was as great as was assumed. 
When we add to these considerations the fact, that  
it is uncertain whether the soil of the lysimeter 
iepresented an  average of the soil of the field, ancl, 
further, that  all errors of the lysimeter are multiplied 
a thousandfold when the results are expressed per 
acre, we are forced to the conclusion that the figures 
given for the total amonrit of d~airi-water, and con- 
sequently tllose also for the  total loss of nitrogen in 
this way, can be, at  best, only approximations, and 
are most liliely too large. 



SCIEN C E .  	 [VOL.III., NO. 48. 

Even if we allow them their full value, however, tirnes as great as the highest obtained there. When 
they do not in all cases cover tlie entire loss of nitro- we consider that  tlie soil was calculated to contain, 
gen. On the basis of thc: results just described, tlie to a deptli of .Li inches, only about 7,000 po~ulds of 
authors liave calcalated t,lle average annual a n i o ~ u ~ t  ~ii trogenper acre, tliey seen1 to s l ~ o ~ r  that  but a coln- 
of nitrogen ill the ma.riure, crop, aucl tlrail~age of 
fonrteen experiniental wheat-plots for a period of 
thirty y e a r .  Ilr seven cases tlie riitrogen found iu 
crop and drainage is from 14 to 40 pou~rds per acre 
less than the amount applied as manure. Arialyses 
of tlie soil of one plot io 1865, a r ~ d  again in 1881, 
showed tliat about a tlii~cl of this ainount was still 
present in tlie soil, the latter haviilg gained nitrogen. 
The  autlior;; believe tlie relnaincler either to have 
escaped the drain-tiles, and lieen carried into the 
lower strata of tlie soil, or to liave been set free in 
tlie gaseous state in tlie soil. 

DeliBrain's euperirnerlts were intended to deterniine 
the total loss of nitrogen by tlie soil. Three series, 
of four plots eacli, xvere laid ont, each plot liaving an  
area of one are (cqual to about four square rods). The 
first series bore fodder-i~iaize ; the second, potatoes ; 
the third, beets, fodder-maize, ancl esparcette succes- 
sively. During tlie first three years, one plot in each 
series mas unnianured; one received, per hectare, 
50,000 lrilograms of stable-manure; one, 1,200 liilo- 
gratns of nitrate of soda; allel one, 1,200 kilogrnl~ls of 
sulpliate of amn~onia.  Dnring tlic following four 
years rioiie of the l>lots receivecl any manure. At  the 
beginning of tlie experiments, ancl a t  the end of tliree 
and seven years respectively, the percentage of nitro- 
gen in the soil was cleternlined. TVitli the aid of tliese 
determinations, a balance was strucli for each plot be- 
tween tlie nitrogen origin:~llg present and that adclecl 
in tlie manure, on the one hand, mid that renlovecl in 
the crops and remaining ill tlie soil at  the close of the 
experimellts, on tlie otlier hand. I n  every case except 
that  of the esparcette, a very great loss of nitrogen 
was found to have occurreil. The follo~ving table 
contains the annual loss of nitrogen fro111 a portioli 
of the plots, reduced to pounds per acre to conipare 
with Lawes, Gilbert, and lTTarington's results :-
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Compared wit11 tlie losses observed in Rotliamsted, 
soriie of tliese figures are cilonnous, being over rii~ie 

parativcly short time would be required to redrrce the 
sul~plyof nitrogen to the point at  which culture ceases 
to be profitable. 

111 order to be able to judge of tlie force of these 
results, it is desirable, in the first place, to consider 
soiuewliat inore in detail tlie method by ~vhich  tliey 
were obtained. At  the begin~iing of t,lie experilnents 
the soil xvas found to contain .204% of nitrogen; and 
this was made tlie basis of the cnlculation for all the 
plots. I t  is highly improbable that; this assmnplion 
of uniforniity among all the l~lots, as regards nitrogen, 
is correct; and: when we consicler tliat a difference of 
.001% corresponds to a difference of about S-1-po11nds 
of nitrogen per acre, we are led to question, not only 
tlie accuracy of Dehe'rain's results, but tlie possibility 
of discovering small losses of nitrogen by means of 
soil-analysis. The absolute quantity of nitrogen was 
ca lc~~la ted011 the further assumption tliat one hectare 
of soil to a dcpth of 35 centiinctres weighed 3,S850,000 
liilograms, which, again, involves a possibility of 
enor.  Finally, the detenuination of the quantity 
of nitrogen removed in tlie weighed crops rests on 
assu~nptionsas to the percentage of nitrogen they con- 
tained, while i t  is a ~vell-establisliecl fact tliat consid- 
erable variations in this respect occur. Esl~ecially 
does heavy nianuring villi nitrogenous fertilizers, 
such as sorne of these plots received, tend to increase 
1,lie percentage of nitrogerl in tlie crop. 

To recapi t~~la te :Dehe'rain's cor~clusioris involve 
three inlprobable assnm~)tions; viz., pertect 1rnifori11- 
ity of soil as regards nitrogen, ecjual weight of soil 
over equal areas, and a n11ifol.m ancl average percent-
age of nitrogen in tlie crops. 

011 the otlier Iiand, all but a few of the plots s l~ow 
a loss of iiitrogen ; arid while, for the reasons just 
stated, the accuracy of the r e ~ ~ l t s  is very questionable, 
i t  mould appear that me must a d ~ n i t  some loss of ni- 
trogen to be probable ill niost of the experiments. 

Aside froin these considerations, however, tliere are 
others m11icll sl~ould be borne in mind. During tlie 
first three years tlie manured plots w r e  very heavily 
manured. Sulpliate of a~nlnonia and nitrate of soda 
were applied at  tlie rate of 1,070 pounds per acre, and 
stable-manure at  tlie rate of over 334 tons per acre, -
quantities mncli greater than would be used under 
any ordinary coriditio~is. 3loreovcr, froin tlic fact 
tliat the unn~anured plots yielded nearly as large crops 
a t  the close of tlie euperinients as at  their beginning, 
me may conclude tliat the soil was naturally of good 
quality. 

DchBraili's calculations shorn tliat but a very small 
proportion of tlie nitrogen of the nianurcs was utilized 
by tlie crops; and, t,l~ough tlie exactitnde of his fig- 
ares nlay be questioned, the general result is what \+-e 
sl~onld expect, A large excess oi' available nitrogen 
xvas evidently ],resent in tlie soil. The  latter ~ v a s  oc-
cupied by crops for only fonr or five inontlis of the year, 
a t  rnost (except the csparcette plots) ; and, during tlie 
rcnlaining two-thirds of the year, leaching, and other 
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natural agencies which tend to remove nitrogen from 
the soil, had undisputed possession of tlie field. FT7he~i 
the manuring mas discontillued, the losses of 11itro- 
gen, according to Del16rain's results, sank very niate- 
rially, though still remaining considerable. 

From tlie con~bined rcsults of bot,h these investiga- 
tions, i t  would appear that we may fairly conclude, 
that ,  nnder ordinary conditions of tillage, there is con- 
siderable loss of nitrogen from the soil. Lakes, Gil- 
bert, and marington's experiments slio~v that much 
nitrogen niay escape in tlie drainage; and, according 
to their calculations, more nitrogen was removed from 
six out of thirteen of their experimental plots in crop 
and drainage, (luring thirty years, than mas supplied 
in the manure. F r o n ~  DeliBraiii's experinlellts me 
lean1 that  a soil nnder constai~t tillage may grow 
poorer in nitrogen in spite of heavy manuring. I n  
fact, of all tlie eleluellts of the soil which are required 
for plant-growth, nitmgen is one of the most 111obile. 
The soil, it is trne, 1x1s the power of fixing amrnoiiia 
ill insolnble combiiiations ; but I~oth  ammonia and 
organic nitrogen are constantly being con~er ted  into 
nitric acid in every fertile soil, and tliis compound 
tile soil has 110 power to retain. Under natural con-
ditions, nlien the soil is thiclrly coverecl with vegeta- 
l;ion, this nitric acid is assimilated by the roots as 
rapidly as it is for~ned, while the compact state of the 
soil hinclers access of oxygen to the deeper layers, and 
thns moderates ~iitrification. 'I'liis action of plant-
roots in arresting nitrates on their way to the lower 
strata of the soil is shown very plainly in Lawes, 
Gilbert, ant1 Tl'ari~igto~l's experiments already cited. 
While the land carried a crop of ~ ~ l i e ; ~ t ,  tlie drain-water 
contained little or 110 nitrates, except wlieri an  escess 
of nitrogen had been given in the manure; but as 
soon as the crop was removed, nitrates made their 
appearance in the drain-water. 

Bnt an  untilled soil is not only prott:cted against 
losses of nitrogen: i t  is also in condition to retain the 
nitrogen brought to i t  in rain, snow, etc. This comes 
partly ill the form of ammonia, arliicli is fixed by the 
soil, and partly in the forrn of nitric acid, which is 
fixed by the vegetation. I n  this way a soil carrying 
permanelit vegetation may be cont in~~al lygaining 
nitrogen. Tiiis is indicated by DehBrain's ~csu l t s  on 
the esparcette plots, and, aside from them, is suffi- 
ciently evident froni the facts, that a t  some period of 
tlie world's history all its nitrogen mnst have existed 
in the free state, and that, so far as we know, the 
con~biiled nitrogen of atmospheric precipitates is 
the sole natural source of nitrogen to tlie soil. 

'I'illage alters this state of t l ~ i r ~ g s  very ~naterially. 
I3y breaking up and ~nellowirig the soil, i t  facilitates 
tlle access of oxygen, ancl i l~crc>~scs tlie rapiclity of 
nitrification. A t  tlie same time, the natural vegetation 
is replaced by one occupying in many cases but a part 
of the ground, and occnpyiug it for ba t  a portion of 
the year. Add to tliis that by dimir~ishing the amount 
of vegetation we diminish tile evaporation of water, 
and thus leave the soil moister, and at  the same time 
expose it more fully to the sun's rays, thus rendering 
i t  warmer, both of which conditions favor nitrifica- 
tion, and we see tha t  cultivation both increases the 

flnx of nitrogen in the soil, and decreases the nieans 
of ul,ilizing it. 

The clear recogl~ition of this state of things brings 
with it the suggestion of a t  least a partial remedy, 
which is lo keep the soil occupied as fully and as long 
as possible with growing vegetation. The roots of t he  
living plant lend to the soil an absorptive power for 
nitrogen compo~ul~ds, similar to that  which i t  has of 
itself for other elements of plant-food, and enable it 
to store up these compounds against future needs. 
To  prevent a loss of nitrogen, me must make use of 
this power as fully as possible, both in tlie system of 
cultivation adopted, and in other ways. After taking 
off a crop in tlie early fall, instead of leaving the land 
bare, let it be sown with sorne quicli-growing crop, e.g., 
rye, which shall serve solely to store up the nitrogcn 
which ~vould otherwise be lost. I n  the spring this 
crop is ploughed under, and furliislies ilonrisl~merlt for  
tlie sncceeding crop. Such a plan has been adopted 
here and there with advantage. I t s  general use would 
turn  largely, of course, on the qnestion of expense. 
On a virgin soil containing already large reserves of 
nitrogen, no appreciable benefit might result frorn it, 
though even ofthere the pi~eservutio?~ the present 
fertility is worth striving for. Bnt between tliis con- 
dition anti the state of relative exhanstioii to \\rhich 
the soil of oar older states has been rednced, there 
mast be a point where saving nitrogen ill this way 
mould be of innnediate as well as prospective benefit. 
Tlie exact nletllocls of applying the principle invokecl 
to pztrticnlar cases it is 11ot.the province of this article 
to discuss. T l ~ e  principle itself, however, is very 
simple. ICeep gro~ving roots present ill the soil as 
long and as extel~sively as possible to srize upon the 
~i i t roger~(arid other elements as well) wliicl~ nil1 
othenvise be mashecl out of the soil, and to store it 
up  in insoluble forms, ready for the needs of fu ture  
crops. 11, P. AXMIZFBY. 

T H E  LIFE OF IIAIWILTON. 

Life of Sir  Tfilliam Ilowan I-lnmilton, l int . ,  LL.D., 
U .C.L., M.B. I.A . ,  Andrezos professor of axtron-
omy in t7ze University of Dublin, and ~ o y a l  astron- 
omer of Ireland, etc. : including selections from his 
poems, correspondence, and miscellaneous toritings. 
By ROBERTPERCEVAL M.A.,  sub-deanGRAVES, 
of the  Chapel royal, Dublin. Vol. i. London, 
Longmans, Green, $ Co., 1852. 20+608 13. go. 

TI I I~volume, ~vliich fornis one of the latest 
issues of the Dublin ~uliversity press series, 
has been prepared partly through tlie assist- 
ance f~rrnishccl hy the Ronrcl of T ~ j n i t y  college, 
and pnblishccl by the p r o ~ o s t  and senior fel- 
lows. Mr. Graves 1i:~d a t  first, however, un- 
dertnlien tlie biography of IIanliltoll on his 
own responsibility, ancl u~lassisted in the labor 
which i t  inrolrecl ; and me ought not to pass 
uiiremarked his especial fitilcss for the per- 
formance of this arduous task. In the first 
place, he was ~~ilconnectecl with Hamiltoil by 


