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The books and parphlete conculted for the Preéparation of
this erseay are a= follows : -

So0il Fertility and Permanent Agriculture By
Cyril G. Hopkins .

Encyclopeadia Britanieca .
New Internationajl Encyclopeadia 1903 edition,

Practieal Agricultural Chenmistry By
Auld and Fer,

Agricultural Chemical.Analysis By
Percy F, Frankland._

Several nurhbers of the U.s,:, Farrepr'sa Bulletin ang
U.5.A. Agricultural Departrent Yeap 3o0kse,

Few numbere of University of Illinols Bulletins,
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A CONTRIBUTION to a SOIL SURVEY of SYRIA.
SECTiION 1.
The  Aim and Purpoere of such & Survey .....

' The punpose of soil surveys have always been to acertain the
variety and extent of the chief characterlstic foils of the coun-
try under =survey, to determine the crops which can be raised to
the best advantage upon the different =soil types and to discover
the peculiarity of each soll type as to its ranagement and the rec-
uring of the maximum reesults, JAnother chief purpose of =oil sur-
verys 1= to aid the farmer in choosing hir farm in the regione un-
known to hin. Thus the many vast recources of a country are ex-
plored by a steady and devoted work in =0il rfurveying, and put to
agricultural purposes whichif wiesely and deligently practiced will
annually increase the seeringly limited =oll reefources. 1t em-
phasices the rtudy of large probleme as yet unsolved and <still in
the form of theorles. The present thesia does not aim at, all the
above objects for its writer has had very limited experience even
in the district which he has experirented upon, *®~oil surveys can-
not successfully be accomplished by one person and in a short tire
but need men ruited ito its different departrente, <o the aim of
this essay will he to present in as concise a manner as pos-cible
the principles involved In a progessive method of farming, use of
land in general, and a brief survey of the Beirut Plain, which may
serve ags a start for aimilar studies upon the =0ile of <yria by
other contrihutoers.

It is a8 well-known fact that this part of the world is not fit
for industry in the lergest rense of the word, as it does not pos-
sess the natural rersocurces of energy and fuel, hut that it depende
for it 2 subsistence mostly upon agricultural developerent. The
Syrisn land is fairly rich and fertile and will not depleted, in
woet parts, of the plant nutriments for a long time. But =till the
malntaining of permanent fertility of the =oil eshould be adopted ae
far as the future ir c¢oncerned if Syria desires to run ahreast of
the other countries of the world and be self-sustaining, Up to the
present moment no definite syster of farming has heen followed in
any part of Syria due to a lack of knowledge of the s0il and octher
principles involved in agriculture. The rule-of-thumb method 6f
farming cannot survive. A full knowledge of the e0il, ite coneti-
tuente, composition, nutritive value and an econoric and tine-rav-
ing method of maintaining ite fertility i= needed., All this res-
ponsibility falls upon the farmeres and the irmediate landowners,
to keep up the import of their farne, {(in terms of ranure and fer-
tilizera), equal to the exports (to what they give out or eell in
their crope in terrr of nitrogen, phosphorus and potascdur). For
exaxple a big item on thedr izport liet, nitrogen, can be replaced
most economically and wisely by crop-rotation systen with repeated
cultivation of legurinous plants and occarional turning unders etc
which is briefly discussed 1in the following parges,

The real farmer must handle his own =0il and determrine ite va-
lue, and remedy any existing defects in it. He cannot direct and
run a farm fror an office if he expects to raise rich and profit-
able cropr, and make the most of hie land without subrequent loszcee,
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Neither can the farms be managed from a state central office. The
landowners of Syria must think of their own lande themcelves and
apply the modern rethods of farming and itr ranagerment.

Though the present thesis does not claim to give all the datsa
neceseary for scientific agriculture, and what might he required
of a more extensive =s0il survey, neverthless the writer does aspire
to show how a better knowledge of the soil would be of much use to

“the Syrian farmer.

As to the plan that will be followed, 1 had bhetier make mention
at the outset. This firat part treats of different kinds of soils,
their qualities, their mechanical and chemical comporition. A spe-
cial chapter has been devoted to the principle foods from soils in
connection with plant growth.

Chapter 1.
Kinds of Soilse and +their Qualities in general

Ar to the geographical distribution of e0ils in connection with
the mechanical forces of nature, soile are divided into two main d:i-
virions, r0ils which are residual or sedinmentary, and soile which
have been transported from their place of origin.

As the tern indicates, reridual spils are those =0iles that are
formed in places of their first disintegration from rocke. They are
never of the same constitution as at the start, that is, as the rockse
from which they have disintegrated, for they retain only their insol-
uable ingredients while the soluble portion is leached out continu-
ously as disintegration goes on. Thus a limestone containing eightyr
per cent of cazlcium carbonate and twenty per cent of impuritiees zain-
ly silicates and iron, may weather to a =0ll compored entirely of i=x-
purities frorx which the calcium carbonste has heen completely rexov-
ed by leaching.

With this class may bhe grouped the humus or peaty =oile due to
accubulations of organic matter in boges swarps and marshes., IT rust
be understood that the term humus is not synonyvmous with organic mat-
ter. Humus includes only that part of the organic rgtter that har
passed the moat active stage of decorposition and completely loet the
physical stiructure of the materials from which it ie mrde, and thue
has becore 1ncorporated with the =oll mase.

Trancported scils are the dirintegration product of rocks which
by various natural carrying arencles as wind, water and glaciers havs
been transported and retraneported from the place previously occupied
by the rock and deposited in places which they now occupy. Glacizlly
transaportedsoils, rometimes hundred or nore feet thick, are charac-
terized by the prerence of worn or rounded =tonee varying in size
from zand frains to bowlders embhedded in =ilty clay. Hany of the
glacial deporile are covered several inches by lowss deposites which
are transported szoils by wind action and characterized by ahesence of
pebbles and presence of a large proportion of =ilt with sore very
fine sand and little clay. ILoess deporite occur in high elevations
where wind action ies at its hest and where 211 the =0il raterial car-
ried may precipitate. There are evidences of such a type of soil,
loess, being transported by water too., Alluvisl soile, often of very
mixed origén and fertile, are the comron so0il deposits in river wval-
leys and other lowlands warhed from the higher lande.

»

cie gt s . Fepee . o . .
i 'mié’h‘h@:,.--fi Vi ut, Py AN s e el L eewrndiie noop I e

|




Other types of soils which may fall under any of the ahove clas-
«ifications are ash soils or the accumulations of ashes e jected by
volcanoes which are often of considerable extent and frequently very
fertile. The productive regiones around Vesuvious are soile of thie
type. There is another kind of so0il of volcanic origin, of frequent
occurence, derived from dieintegrated volcanic lava.

501l materials coneist of stones, gravel, sand, silt, clay and
organic matter. Clay has a plastic and sticky property, probably in
the molecular state of division and without granular character, 1t
is chiefly composed of plastic substances as hydrated aluminum sili-
cate and often of, iore or less, undecorpored or partially decompos-
ed mineral particles. <ilt ir granular as seen through the micros-
cupe, but ite particles are smaller than =and and if free from clay i
is not plastic.

Different types of =oile depend upon the relative proportion of
these several s0il materiale, easily determined by mechanical inspec-
tion. The following general groups of so0ils are recognized.

General Grouping of f%olls

Group Nares

Deecription

Peat soil With 25 to 75 per cent or more of organic mmtter.
Peaty muck 10-25 per cent of organic mattcr with loam.

Muck 10-25 per cent of organic matter with much c¢lay.
Clay plastic predominzting.

Clay loan Much clay with loam.

Silt loanm Huch eilt with loamn.

Loam nand, silt, clay, and organic matter with neither

markedly predoiinating.

Sandy loarn

much sand with loamn,

Sand

Sand without much silt or clay.

Gravely loam

Gravel with loam.

Gravel

Gravel without much =ilt or clay,

Stony loarn

stones with leam.

Rock outcrop

Disintegrating rock.

Table taken from “oil Fertility and Perrenent Agriculture 3Ry

Cyril G. Hopkine.

The good or bad qualities of a soil depend upon the requirenentrs
of the crops which are to be grown upon it., Sone crops require more
of one plant food element than others, while others are wholy or par-
tially indifferent 1o the precsence of some of the elerents for exan-
ple legume plants requier and flourish better aon s 3imu eossra
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otherwffé without caring for nitrogen, cotton, potatoes and =everal
other érops prosper better uponthe soils exceptionally rech in pote-

eiun, It is only after a consideratiom of the requirements of plants

that a clear conception can be formed of what characters the eso0il
rust possess for it to be a sultable medium on which profitable crope
can be raised. .

in the first place the so0il to be of aby urce muast be sufficient-
ly porous and loose to allow the free growth and extention of plant
roote, To attain this quality the =0il nmist be tilled and well pul=~
verised ‘which effort is crowned with success in moet cases except in
those =so0ils which are 20 compact and of such a texture that one =eep-

ing of water will harden it to such an extent as to estop and complete-

ly check the normal developement of plant roote, On the other hand
s0ile must not be so loose as to allow plants to be uprooted by wind
and themselves suffer transportation. 1In such =0ils plant roots can-
not get a good grip of the so0il and evaporation is liable to increasec
to a high degree. ,

Plant root cells 1like cells of the other parts of the plant need
a constant and fresh supply of oxygen to carry on their normal func-
tion and to get rid of their waste products hence the necesd ty for
the continuous circulation of frerh air through the s0il, or aeratkon
Thus if the =0il is too compact the pores will be clogred with either
carbon dioxide, water, or both and roote die of suffocation just as
would an aniral die under the same conditions. Water-holding capa-
city of soils 1s very 1lxportant as plants need considerahle amount
of water for their nutrition and growth. Iif , on the other ®idc, =z
coll allows too much free drainage drought sete in and plants, not
cetting enough water for their neede, become stunted in =size. The
conclusion ie that too rmuch water 1s bad and too little ie ejqually
injurious. The temperature of the s0ll is very important especially
in the first days of germination. The =oils upon the north eside of
the mountains are usually lower in temperature than the south =ide
solle, and =so0ils of high water content suffer the =ame condition.
Blagk soils are warmer than the other typesof =oile, The last two
and very important qualities of soils are that they ought to be deep
enough to allow extensive root,developerent and easy to work with

implements that is they oughtTQO be imbedded with too many big stone¢57

and bowlders.

¥ith all the above conditions suitably fulfilled the soil may
£111l be harren if plant food in it Is missing. n~oils usually con-
tain the plant food too, but in different quantities which may be in
abundance or need to be replenirhed and increased as the care mey be
by additlon of soil fertilizers and manures, as we =hall notice in
the following chapters,

Chapter 2.
Thep?rinciple ®o0d from @oil in connection with Plant Growth.

As the classification of soile which fariliarized us with the
physical and mechanical properties of rfoils though an important
factor, did not carry us far in our knowledge of s0il and the diffe-
rentiation of the relative value of the several types and groups of
soil, from an agricultural point of view, we need to go into s short
discusesion of the comparison of plant food in air and in soil, and
into a consideration of the pari.the latter plavs as recando idmsee—
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The food that plants take from alr is replaced spontaneously
and no human time and thought is spent over it, for the carbon di-
oxide, one of the essential plant foodes, by the action of the wind
and the law of gas difu=ion and the phenomenon of the carbon c¢ycle
1s uniformly present everywhere. FPlants can never exhaust it even
though it conetitutes such an insignificant percentage of the at-
rosphere { about 0.047 ), while the greatest bulk of their woody
constituent is made of carbon. The following example will demons-
trate the favorableness of a gaseous nediur for plamt nutrition.

The carbhon present in 10,000 pounds of air is a little over one
pound and over an acre of land lese than 10,000 pounde. “hile in a
single crop of 100 bushels of thie acre, amounting to about B5ECC
pounde, it is about 2500 pounds. Thus four such crops would exhaust
all the carbon from air and two such crops if the stalke be taoken
into consideration, But still we =see that the atmosphere haes never
heen depleted as regards ite carbon. But if we consider that threc
fourth of the atrosphere lies over the oceans and the fact that only
one fourth of the land is cropped and that twenty five burhele i
anaverage crop be taken into account then the cupply of carbon is
suffieient not for two years only but for 128 years, disregording
the above mentioned laws which govern ite even distribution and res-
toration. (from Soil fertility and Perianent Agriculture By Cyril
G. Hopkins).

But this kind of a ready supply of nurishrment for plantes is true
only in the case of the stnmosphere which is a gas, These phenomena
do not play the esare part when 1t comes to the e0il. Seldon two
«0ils will be found to have the same amount of ndtrogen, phoephorus,
and potassium and if they do the extent of their availahility would
never coincide.

Thus we see that land, including water, requiees all attention
as regards agriculture while the atmosphere will =20 the rest and do
it w211, It i~ theee facts which impreses and erpharise the need of
sclence in agriculture, and the fairest approach to =such a know~
ledge of =o0il woulld he the study of its constituents, their respec-
tive nutritive value and different proportions of each in ordinary
20il as well =& in abnerml one.

The three recognlised élements, in the =0il, nmamely nitrogen,
phosphorus, potassium are firet and firrt and foremost in value as
regards plant nutrition of which fairly large fractions are return-
ed to the soils by the stalke of the crops if they are left on the
farn aftepr harvest,

Nitrogen ies not a constituent of the ~ineral matter of the =oil
and existeonly in the organic ratter found in the earth., It ies in-
diepeneible in plant growth and no phenorena of life can exist with-
out it, and it is the organic matter, vegetahle mestter or hurue, of
the top =0il from the decomporition productis of which nitrogen ire
furnished, to most growing crops, by a process known as nitrifica-
tion which we shall mention more fully as we progeed. Even with thc
enocrmour aiount of free nitrogen present in the atmosphere still
plante can have no =ccess to it directly. Only one family of plante,
indirectly, through the agency of certain kinds of bacteria, attach-
ed to their roota, utilices the atmospheric nitrogen in available
form, If the nitrogen of the air was avallable to plante it would
furnieh crops for 500,000 years, 100 bushels per acre, before it
could he exhausted, overlooking its return to the atmosphere. Car-
bon har no commercial value as fertilizer though existing in traces
in the atmosphere while nitrogen, with 1i= abundance in air, in a=
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vailsble form is worth money in return. The nitrogen >f the air can
wisely, by a farrer, through the orderly and systeratic method of
crop-rotation be returned to the r0il and the expenditure for res-
toring nitrogen to the =c0ll by commercial fertilizers be saved. It
being removed from =o0il, in reeds erpecially, must be restored 1o
the s0il in one way or another to maintain its normal fertillity.
“gldom we find natural resairces of nitrogen which can be relied up-
on. Only few nitrate deposits have been found euch as in Chile and
reru whey streéth in extensive deposits thought to have rerculted fron
the decomposition of sea-weedn. Therse deposits have not only a lo-~
cal hleeding to agriculture but have heen exported for and wide all
over the world, If the 45 million tone rexoved froxr there deposits
had been applied for fertilizing purpores very few barren lands
would today be threatened with permanent destruction, but unfortu-
nately wort of it has been enployed in manufacturing explosives. of
all plant foods nitrofgen has received the most attention and consi-
derationand its cupply hss been maintained in many localities b y
plowing under far: manures and green ranures as c¢lover or cowpeas,
Soils differ ruch in nitrogen content the highest known is 35,000
pounds of nitrogen in 2,000,000 pounds of curface s0il which is ta-
ken 1o beb 2/3 inches deep per acre. The lowest ray be under 10C0
pounds in the esare amount of e03il. The well-halanced land in nitro-
gen content will be a range between 8,000 pounds and over, and 3,70C
and over 1s a falr aversge. 1In general the nitrogen conient of a
#0111l can be judged by the degree of ites dark color, for the darker
the color, the richer the =0il is in organic matter and hence in ni-
trogen. An insignificant amount of nitrogen, in the form of ites com-
pound, reaches the ¢0il through rain, .

The next element in ixportance to plant growth is phosphorus.
Like nitrogen it 1e clorely associated with all living celle cons-
tituting the largest proportion of theirnucleuii, The only source
of phosphorue for plants is what reaches them through the coil. 1t
i2 a constituent of the mineral part of the soil as well as cof the
organic matter. The phosphorus in the =0il occurs usually in an in-
soluble form and it is by the action of acide in the =2il that they
are transforiced to an available forrm., It ie for this reason that
whatever we restore to the <0il in the form of phosphates we ehould
firrt gring to increare the chance of their equal distribution and
to render themr soluhle by acid treatrent, =o ae to rmake them —ore
available. Prhosphosrus is renoved rainly in the seeds and special-
ly in the gerune of the seedes,which are likely to =0ld away. What is
left on the field, &= the stalke and roots, retain very little of
the phoesphorus the plant extracted from the =oil. ind there being
ne natural way of rertoring phosphorus, as by the method of crop-
rotation and legume plante, the only way left is by artificial neans.
The recovery is indiepensible, for soile contain arounts of phospho-
rug and its dinminution is =sure to bring about poorer crops. It ie
altogather a wrong idea that live-stock enrich the =0il they pasture
upon, in phosphorus and nitrogen found intheir excrements for they
part of the nitrogen in their bones ruecles and milk. Simple sub-
traction shows us that they actually inpoverirh the =0il they pas-
ture and live upon. Then there is no room left for the farrer in
replenishing his soil with phosphorusexcept the applicatiion of the
different kind of natural phdphates or farm renuree and bones, The
rate at which it wust be restored rmay be judged form the arcunt ta~
ken by seeds, 1iIn 1,000 pounds of corn there are ahout 1C0 pounds
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of gern contalning more than two pounds of the element phosphorus.
An acre of corn will therefore reizove about 12 pounds of phoepho-
ruas in the hundred bushels it may yield. 7%heat crops remove pore.

The percentage of phosphorus in the rf0il is srall when compered
with the requirenents of plantes especially when we aleso coneider
hew it is concentrated in the fvrm products sold, as nilk, ceeds,
flerh and bone. The bones of anirmale consiste largely of trical-

" ¢iur phosphate which when pure consist:of about 20 per cent of phos-
phorus, but not belng purely tricalciur phosphate ite phosphorus
e¢dntent is lowered to about 1C per cent.

Phosphorue ie easily made available by diffeepent =c0il s'timulentr
as land plaster etec which is not suitable at all and fts use should
alwajs be avoided. 1If tricalcidim phoerphate be treated with pure
water and filtered the soluticn will show no test for phosphorus
while a emall quantity of land plaster or salt will caure it todin-
solve in apprecialle arounts. This stimulent application or rather
depletion procerss is most injurious to land for it calle for the re-
gerve plant foods and by the by a stage is reached that even heavy
application of ruch stimulents fail to liberate sufficient phoespho-
rus or other plant foods for profitable craps, <Soile differ in phos-
phorus content fron one another, the highest ie 15,0C0 poundes in
2,000,000 pounds of =2il1l, thelowest 1€C pounde,z well balanced =oil
would be between 1,C00 to 2,C00 and upwarde, )

it one of the blessings of nature that she hae furnished the
farmer with rocks rich and high in phosphorus, by which he can cor-
rect the fertility of hirs soll and replenish as soon and ss ruch ars
phosphorus is removed from his soil. These rocks occur in many lo-
calities and are not restricted to a place or two like the nitrsted,
and as they have no explorive properties, Iin the etate found in na-
ture, have been exclusively reserved for zgricultural purposes,.

The five elements, potassium, nagnesiun, calciui, iron and rul-
phur are contained in most norixal eoils in such large amountes, con-
pared to the requireremts of crops that the supply rarely hecomer
depleted. Thus in most cares the depletion problem is narrowed
down to nitrogen and phosphorus and lately to potassium too.

Potassiun, of late, har come to be recognised as an important
comrercial fertilizer. It is required in considerable amounts in
plant growth and constitutes a great pprtion of the c¢ell. The ashes
contain a great part of -the potaseiur. unlike phosphorus it i=s
found more in the stalks than in the =eedes, and it is thie elerent
which gives hody and rigidity to the plant and not eilicon as ir
comronly suprosed, The plant practically takes up no silicon from
the s0i1l for this purpose. Potascsiur though conetituting the larg-
estportion of most embryonic tisesue has not yet been proved to be
an essential part of protoplasm and has been giyen the =ame place
as calciun, as a plant food.In addition to &bove another function
ascribed to potassiun is that it irs a carrier of nitrogen and phoe-
ghoruﬁ, and leadr in the procese until fixgtion of carhon is finiched
by photosynthesie. It is definitely proved that the organic acids
developel in plent unité with the nitrates phosphates and potaesiur
ralts which the plant draws up. The tartarates in grapee, and ox-
alates in sorrel are typical exarpler of the above procees., It ir L.
also supposed that it has great influence in the forre tion of carho-
hydrates in plante but has not been varified and the inforration i=s

; ar yet inesufficient to determine whether thie influence i# direct or
f indirect. ifost of the potassium of the £o0il is loet by the procese
; of leaching ac can he very distinetly proven hw.awmaluetis .
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oftsoll drzinages, Peaty scils are almoet completely depleted of

their potarsium by the same procesx. For average crops the supply

of potaseium in most solls meets the need of the crops., Of late it

hag attained much importance as fertilizer for several irportant

crops for average soils do not seem to be able t0o meet their require-
ment as for ar potassium is concerned, ' ,
: The xeet important known sources of potasﬂium salts had been by i
kindnesa of heaven, grented to Germany, bul of late there have been
revealed other vaster sourcee in Alrace and Lorain which put an end
to Cerman control over potaseium.

As to the arount of potessium found in soil the average and well
balahced would be 35,000 pounde in 2,0CC,000 pounds of e0il, the low-
eat being 3,000 and the highest beihg 60,000 pounds in the s=are anm-
ount of sgoil.

In connedtion with plant food in sofl as menticned above ihere
are reveral other elements which are absolutely necesrary to the nor-
mal growth and developement of all agricultural plante and in their
order of importance are iron, magneslum, calcium, sulphur. We need
not bhother ourselves about there elements as sclls practically have
never been found depleted fror them except calcium, bhut still men-
tioning rore®ftheir functions will add to our siore of knowledge a-
hout soil.

Iron as compared with crop requlrement is abundantlv found in all
soils, 1t has a very important connection, directly or indirectly
with the formation of chlorophyll. though analyris doee not show ite _
presence in chlerophyll., If iron ie withheld from a plant, the lezvee
will not becone green and when it is applied they turn green. e c&r
safely regard the action of ircn as an 1lndirect one and totally dis~
cadd the corron assunption that the green color of plante ir due to
the presence of iron compounds of that color, as incorrect. The fact
that dilute acids do not dissolve the iron in nuclein compounds in-
dicates that iron is not found as a primary compound floating arcund
in the chlorophyll but that it is a conetituent of the living rmatter
of plante, It is an Interesting fact that the need of phosphorus and
iron, to crops, and their supply in the soll are inversely proportion-
gl. rhosphorus in crops is forty tirmes as much as iron while iron inr
goil is forty tiresr ar nmuch ars phosphorus and if the phosphorus be
depleted in 100 crops 1t would take iron 160,000 years to reach a
point of depletion.

The place of calcium and magnesium cannot be eo easily determin-
ed, As plant food elerents they can be given a far removed second P
place giving nitrogen and phosphorus first place. The function of *
magnesium as plant food is very eirilar to that of potassium and is
ftored in seedr in relative ahundance. Like potas=sium it ief an es~
sential constituent of protoplasm and the theories of potassium func-
tion apply to it as well,

Calcium does not =semm t0 be so badly needed by many plants in :
large amountr as the previously mentioned elerents, though in srall f
apounts it is of vital irportance to all plamts. 1Itr usefulners ae
far as the legure plants are concerned is very rarked., It is very
reldom exhuusted despite the lore sulfered by leaching, in the forn P
of calcium calcium carbonate, Its application toroil is usually for
acidity correction cases and for legurne plants. Acid =so0ils contain j
sufficient calcium for plant matrition., It is a comronly known fact
that olive trees prosper better when thelr roote pest upon 1l nestone ‘

d

rocks which fact cleirlydenotes that the functaon of calcium in soll
is to correct or weaken vegetable acids Which.otiacs
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the planpt. Lime has been much applied as stimulent and many tracts
of land have consequently becore poorer due to its destructive pro=-
cesa, produced by its caustic prOp%rPy, over humus and thus liberat-
ing and reducing the stock of plantistored in the soil.

The legume plants' tendency to calecium €xposes the fact that ni-
irification does not proceed in acid mediums. and is éncouraged in al-
kaline ones. It is applied only in two cases, one for encouraging
nitrification of legume plante and the other under the condition when
solls contailn large amounts of phosphorus and potassium which are to>
flowly avallahle for profitable crop: production in which case it hae-
tens the liberation of these rineral elements,

Sulphur is taken up by plantes in the form of rulfates for the for-

ration of their proteins and is an esesential element for normal grow-
th and developement of all plante, 1t is liberally present in the
s0il and is brought back te the soil by rain, in quantities more than
sufficient for crop requirerent, after it hase been carried into the
air in connection with the producte of combustion and of decay. Si-
milar amounts of nitrogen are brought back to the s0il but as cormpar-
ed to ¢rop requirenent it is very insignificant, Sore of th e Plante
take more sulphur than others as onions and garlic the oils of which

are chiefly allyl sulfid ( C3H5 )o5. 1In the elementary condition sul-

phur in =0il, though =eldon found as such has an indirect connection,
to plants, of protecting against insects and fungus growths and for
this reason has been employed as incecticide and fungicide to plante,
rost in danger of attack and, unahle to resist such outside foes.
Other elements in soil a= cfodium, chlorine, ranganese, aluminum,
and silicon are taken up by plants in extrerely small quantities
though notess=entizl to norral growth and developement of plants,
Common functions nay be perforred by elements of the same faorily
a8 potaeesium and sodium both being alkali retals, but for sore reacor
or other plantes prefer one to thre othrer, and eodium hae been proved

to be altogather a non-essential element to plant growth, Kanganeee,

ragnesium, or iron might serve just as well in correcting =01l acidi-
ty but cannot take the place of calcium for reasons not vet propored
and verified,

The plant food liberated fror an average roil during an average
=éaron with average farming, roughly estimated, is equivalentio about
2 per cent of the nitrogen, 1 per cent of phosphorus and ©,25%5f ‘the

potassium contained in the surface stratun or 2,000,000 pounds of eo0il,

qu #0il loeses part of the plant food it ctontaine by leaching afer
eroution in rain water or soil water, as nentioned before, which fact
is of very great consecuence for every year large amounte of nitrogen
ray be lost, Potaseium, calecium and ragnesium suffer leaching moet.
To avoid loss by leaching 1t is stated that rotation of e¢ropes should
be 80 arranged so as to absorb as much of tre plant food as is made
availatle., Other ways by which 1and wmay lose a part of ite piant
food to very limited extent is by nechanical erosion as eurface wash-
ing by rain and wind action, and  voltilization . chiefly of nitrogen
in the form of amronia,

Chapter 3,
Mechanical Composition of <@oil.

The discussion of this topic is very clorely related to the chap-

ter devoted to"the kindes of roil and their qualities in genepzal”so wa

shall not dwell nuch upon the subiect —axaant.

a
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to avoid all repetition, of the mechanieal analysis and fo add what may
havehbeen .1lseft uneraid in the-ahove-mentiened chapter,

Hechanical analyesis of «0il consists of separating the particles of
as0il into six grades :of finenecs which deteritine it=s composition in-
cluding jurus, water and ecoluble matter as well. The grades range be-
tween stones and clay, the intermediate steps being gravel, sand, fine
cand, s8ilt and fine si1lty- The productivity of the eo0il dependes much up-
on the different proportions of these grades which determine the texiure,

- structure, size of paricles and arrangement of the =0il, MWone of the
. above four or five constituents are in themrelves of value for growth
© of erops if hy their mixitures they do not correct each othere deficien-
cies., The extent of water circulation, retention of piant food, aera-
- tion, temperature and plant root growth are all dependent upon the a-
- bove qualificatione. A perfect soil wodld contain, suffielent sand to
- render it perviour to fresh air and prevent water-logging, and =uffi-
. clent clay and hurus to preventdrought and the required acount of plant
~ food and absence of acidity. Clay humus and silt have had thelr pro-
: per ahare in the previous pages and what is left untouched is rand. “zang
: coneists of quartz or flint and the individual particles can eamasily be
- reen with naked eye or readily felt as gritty grains between the finger
- and the thumb., If =sand 1« chermically pure it coneiste of =ilicon dioxide
- ( 8105 ), or quartz =2 clear transparent glases-like rineral, 3ut zeldor
“do wa coue acrose it in =uch forx and ordinarily we meet it in an ir-
" pure forn generally coloréd by iron dioxide. It has very little re-
. taining power for water and would be liable to becoze very hot in the
- daytime and cool at night.
_ The generally recognised size 0f roie 0f the different grades of tre
" soil are as follows :~ Cosrse efand .1-.2 mm,. Fine silt .2-.04 zw., oilt
. «04-.01 mm., Fine silt .01-.004 mxw,, Clay below .C04 m=,.
: The discuesion of water, as a mechanical canstituent and an 21l im-
. portant supply to growing crops, way well fall under the topic of this
- ¢chapter.
The plant roots take up theilr food from soil in exceedingly dilute
water molutions as is shown by the following determination :- that one
ton of dry matter of a crop abrorber and utilizes fror 300 to 500 ton=s
- of water, at the =amze time considering and excluding carbon which ire
- taken from air directly. Thies fact =shows the irportance of a libersl
~supply of water in agriculture, becaure during the life of a plant there
~im a steady sbsorption of water by root hairs and ewaporation through
.the stormata of the leaves, The la tterppocess is terred iranepirstion.
“4n acre of cabhage is known to abeorb and transpire sore than ten tons
‘of water per dsy when the weather is fine. N0 liberal applicaticn of
‘ranure will correct water shortage and deficient rainfall sand plante
'will remain stunted and their yield seriously reduced. The most =atie-
factory amount of water present rhould hot be more than 4C to €0 pecr
‘cent of what would saturate the =o0il, under which condition every par-
‘ticler of e0il is co=ted with a filr of water affopding sufficient space
‘for asration and reroving water-logging danger. When this film becores
:very thin plante tend to becone Gnahle to absorh =211 the water present
‘in the soil.

Fater i supplied to the =urface roil frorm the suheoil by capillarity.
:In order to decreace the danger of loslng much water »y evaporationwe
‘hay discourage capillarity be enlargening the pores . of the rurface soil
?by careful: 'tilling and harrowing., This process if well managed can
‘aave water in lands with deficient suprly of water, and enables the far-
merto cultivate it every alternate year. On the other hand if too little

wapillarity ia going on 1t smy be incouraged and o d by decreasios——
zthg size o¥ thsgpor%s bYTfQilinﬁ_ibg_lapﬂc , promoted by dac
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Chapter 4.

Chemical comporitinn and organic agents bringing f
about chemical changes 1in the =oil _
in general.

qoils contain most of the elements found in =~ilicate ro@ks, but in
varying proportions, and ordinarily organic matter as well., The fol-
lowing table prepared by Kilgard will srhow the average cherical core
porition of soils of hurid and arid regions.
Average cherical composition of soils of Humid and
arld regione,
(from Mew Internatinnal Encyclopaedia volXV 1903 edition )
———— —
Marid region : Arid region
“Consrtituent (average of {avernge of
466 =011R) 313 soilr)
Inroluble matteér [84.031 | g7.6e87 7C.565 } 7¢.135
Soluble mattier 4.212 7.2€66
Potash C.216 0,729
soda 0.091 0.264
Tire 0.108 1.3€2
Hagnesia 0.225 1,411
Iron oxid J3.131 5.752
Alumina 4.29€ 7.8C8
Phosproric acid €.113 C.117
Sulphuric acid C.052 0.041
Carbonic acid | = o ==-e- 1,216
Water and organic matter 3.644 4.945
TOTAL PERCEJNTAGE 99.5€3 99.920
Hurous 2.70C £.750
Ritrogen in Humus 5,450 15.870
Nitrogen in =oil c.1l22 0.101
Plante for their nutritive process need certain chemlical elementr
namely carbon, hydrogen, oxygen, niirogen, phoe;horus, potassiux, sul-
phur, ragnesium, calcium and iron. With the exception of c¢ezrbon and a
erall proportion of exygen and nitrogen which they may partially derive
; And the relative arounts in poundrs per acre Of nitrogen , phosphorus

fror the air, plants take the reest of the above elements from the roil. ﬁ '
oo

{(interas of phosphoric acid) potash, limg_nnd_na;ng-aA -
£0il., hy whas+ .

*
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( from Encyclopaedia 3ritanica vol 25 )
Crop Nitrogen 1be.| Phosphoric aciq]Potash Lirme | liagneria
1lbe, 1bs. 1b=a, 1lhe,

Wheat 50 21 29 9 ® 7
¥eadow Hay 49 12 51 32 14
Turnips 110 33 149 74 9
mangels 149 53 300 43 42

About 85 per cent of the crust of the earth being =ilicondioxide,
gilicates, aluminum, sodium and oxygen have no value as plant food.
This should not wake us zssune that the armount of plant food has been
narrowed down and lirnited by nature. Out of the remaining 15 per cent
rlants get all the nurichment, except the carbon, sore of the oxygen
and nitrogen, which they require and more, provided the constituentrs
of the =0il in that 15 per cent he norial and well-balanced. ~he fol-
lowing table clearly exposes and offers us a clear conception cof the
relative abundance of essential plant-food elerents based upon the con-
tinuance of their supply and upon crop requirements.

Relative "Supply and Demand™ of “even elements.
(frow soil fertility and perranent agriculture by cyril)
(G, ®opkins)

Essential plant Pounds in 2 million |[Poundein 100 | Murber of veare'
food elenments of the average crust|bushels of supply indicated
of the earth corn{grain

onlr)
fhosphorus 2,200 17 130
forassium 49,2C0 19 2€CC
Kagrne sium 4g8,00C 7 7C0C
Cal cium €6 ,500 i 550CC
iron ge,6CC z 20050
Sulphur 2,20C 3 10C00
Nitrogen in Air 70 znillon 1lbe 100 70CCCC
. over an acre.

The 2 million pounds of so0il 2re taken a= the weight of an acre of
soil € 2/3 inches deep. The 100 hushel of corn as given by the table
is not the average yleld but is above average by four tires thus the
danger of depletion ié removed still further.

The nitrogen of the roil is more liable of depletion than any of
the othere: for it is remowed in larger quantities and it is found in
the organic matter only and not in the nineral.gmatter of the soil.
organi¢ nattere or hurus %ive ug their nitrogen in avaible forn by =a

r

process, knownaspitrifica on, oprought about by impoptani ceoin af e
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ro1l organisns or putrifactive bacteria, which break down the highly
complex nitrogenous proteid compounds of the humus into simpler amido-
bodieas and these still further into compounds of ammonia. There zmmo-
nia compounds in turn are oxidised and converted into nitrates by dif-
ferent kinds of these micro-organisms. B3Before the change into nitrate,
axponia compounds undergo a change into nitriles, Each of these =steprs
18 carried out by specific bacteria or ammonifying bacteria, nitrite
bacteria, and nitrate bacteria.

several conditions must be favorable before nitrificationcan occur.
The tenperature rust be adequate, for at five or six degrees centigrade
the process stopes, thue in winter it does not go on and in rumrer when
the temperature is 2bout 24 degrees centigrade it proceeds a2t a rapid
rate. The presence of an alkali is absolutely necesesary as well zr 2
proper apount of moisture, If the seil is deficient inair the organ-
isms cannot carry on their work, hence their inaclivity in water-logged
f0ile,

Now it iz up to the farmer to bring about the conditi one necesrcary
to promote the activity of there organisms, by good tillage careful
drainage and occaisional applicationof 1ime to goils which are dificient
in it.

We raw the activities of one of the several =eries of there orgasns
isws which are found in huge numbers in the =011, others are responei-
ble for many other ixmportantcherical procesres which as a whole rmake
the =01l constituent rore avaihleand betteradapted to nutrition of
plants. 1In one cubic centimeter of =0il, taken from the surface, fror
a million and a half to two rilllon of these organiems can be counted
out . The lower depthe cnntain a lesser number of them.

All the mamures applied to the e=o0il undergo, soorer or later, de-
composition under the influence and agency of one or other kind of -
these wicro-organisrs or elee their application would he ureless, The
fact that the action of living organismza is the caure of the produc-
tion of these rerults ie aupported and proved by the fact that their
action ceacer when the «8il, containing them, ie heated or treated with
disinfectants which destroy or check their life and growth.

An irpartant group Oof there soilorganiesias are knnwn to have the
power of ursing the free nitrogen of the alr for tre formation of cor-
plex nitrogenous compoundr and these coxpounds in furn are broken ur
Into: =impler nitrogenous cozpoundf as we saw hefore. This power of
"fixing of nitrogen" 1s nct porsesred by higher green plants, The or-
ganiesrs cling to nodules of the roots of certsin group of plantes and
by feeding upon them, carry on their function. The best known example
of a clase of plants, which allow the bacteria to feed upon their car-
bohydrates and in exchange use up the nitrogenous compounds forred, are
clover, peas, beans etc, and the class as a3 whole i=s c¢~1lled lefuminoree,
The =0il upon which there plants are grown bhecome richer in nitroren
ddée to the nitrogenocus root residues left in the land. Not all =soile
condain this type of the organicms es=entisl for legure plantation hen-
ce the frequent meed of inoculation of the soll upon whichleguze plante
are to be grown by the =o0il of the =anxe legure plant, for each legure
hag its own characterirtic type of hacteris, rome being common to two
or more legure plants, The procese of the inoculation is very =imple.
A wagon load of the =o0il, known to bhe infected by them, ie epread over
anacre of the =0il to be inoculated, and harrowed and dicsked in it a-
void exposure to sunlight which tends to destroy the bacteria. Arti-
ficlially prepared culiures ar a rule have proved uneatiefactory. 4n-
other and by far a better and more uniforn rethod of inoculation ies by
roistening the geed with a 10 per cent. colnita o
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ly miftinig over thex sufficient dry pulverized infected roil. The
seeds now may be planted within a day or spread out to dry in shade
and planted later in the season.

The difference between alfalfa roil treated with hacteria, and
another devoid from it, and other comblinations c¢an be easily caught
by the following table. - o :

Fixation of nitrogen by alfalfa in field culture.
Illinois experiments on common prarie land.
{from s0il fertility and permanent agriculture by Cyril)
(G. Hopkins :

Dry matter |Nitrogen Mirogen | Nitrogen

Plot Ro| Treatment applied | in crop 1bs|in dry mat~ [in crops| fixed by

: ter per cent| 1be. hacteris]

"1 a |None 118C - 1.85 2l.81 | =---- ey
1 b {Bacteria 2300 2.70 62.04 40.22
2 a |Lime 1300 2.02 26,20 | =emme-
2 b |Lime, Bacteria 2570 2.€5 €8.C2 4l.82
S a Lire, Phosphorus 1740 2.C3 35,40 | =----
‘2 b |Lire, Phosphorus 3290 2.71 . 89.C5 £3.,€5

Bacteria, '

The following diagra:x, too, will reprerent a clear notion ofwhat
hacteria does and what place nitrogen has as plant food. The plante
in the pols are clover which needs no nitrogen to etart it.

(frow Soll Fertility and Perzanent Agriculture by]
(Cyril ¢. Hopkins)

A1l three pots planted at the sarme time, |

_ So rmzuch for the constructive and beneficial part of therce organ-
isms. We shallnow consider other types.
ceveral group of bacteria, related to the above, counteract the
nitrificati on process and caure the losr of nitrates by their deni-
trifying power that 1s the process becomes revereed and nitrates are
changed into nitrites and nitriterinto ammonia and garseoue nitrogen

wnich escape into the atnorphere, These tyges of bacteria are abun-
dantly found in fres Kt fambima s
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on their work extensively in presence of oxygen for they are anaerob-
ic bacteria and do better absence of oxygen as in water-logred znd
badly tilled r=oils. Thus tilling removes the danger of too nuch loss
of nitrates, '

All this knowledge and invesligation about micro-organisme in
soil im of a recent date. Before this progrees on this line, =soil
was looked upon as a dead ineri material containing certain chemical
subrtances which served as plant food constitluents, and z&lzost no no-
tion of the presence of there myriads of nicro-organisre and their
noet vital function to all life existed anywhere., The fungi of cer-
tain types may he grouped under these organismes as regarde the im~
portance of their chemical action,

The permnanent productive capacity of a roil can he determined by
noticing the proportion of the food constituent thet can be extract-
ed by strong hydrochloric acid. This determination does hy no means
siate that the food thues extracted 1= in a condition to he taken up
by the rcoots of plants but may correctly be said to e in a dorrant
state whichmay becone available by tillzge. The cropping power of
a s0il ray he deternined approximately by treatment with ¥,/8 hydro-
chloric acld, and reroval of rilicates be evaporating to dryneess ig-
nition and extraction with HCl agaln and filteration. This solution
is again evaporated to drynees and residue weighed and percentage
c=lculated, Another itore reliable deterrination of this nature wer
introduced by Dyer who dissolved out rineral food constituent of =oil
with a 1% solution of citric acid, which reprerents ahout the ave-
rage acidity of the root of most common plante, with better rerults,

Before closing this chapter it isapprepriate Lo grasp the methole
of the determination aof the chemical plant food constiituente of the
s0ll, 1In practice we never need to know the percentage of all the
cherical conetituents of the soil because {or all practical purpoces
in agriculture only the arount of nitrogen, phoephorus and potsseiux
would do.

The rethod of collecting soil sarples for the following proceed-
ures I shall give in the third esection of this escay.

Kilrogen Deterrination
(from soil fertility and permenent agriculture by Cyril)
(G. Hopkins)

Nitrogen is deterrined by the regular Kjeldahl rethod. Ten grarce
of goil (five granms if high in nitrogen) are weighed intoc a Kjeldahl
flask, 20 Cc.of =trong sulfuric acid (more il necescary) and approx-
irately 0.65 granr retallic rercury added and the contente of the flsrk
digerted until colorless. Oxidation is corpleted by adding, while '
#1111 hoiling hot, powdered potassiun perranganate until the =solution
i= green, It ia then allowed to cool =and 260 C¢. of nitrogen-free
water added to the content of the fladk and enough strong alkali sol-
ution added to nore than neutralize the acid., The flask is then im-
rediately connectedwith a still, the amroniz dietilled coff and col-
lected 1n a flask containing a reasured armount of etezndard culfuric
acid. The excess of =ulfuric acid i= then titrated bhack with amro-
niurx hRydroxid, and the arount of nitrogen in the =0il calculated.

i
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Phosphorurs Deterrination
{A corbinatisn of the processes given in Practical)
{agricultural chemietry by 4uld and I'er and in Agf-)
(ricultural chemrical analysie by percy F. Frank - }
{land)

Five grams of the fine earth (our sample) are boiled in an open
flask with 10 to 15 Cc. of concentrated hydrochloric acid or a short
timg, with conetant shaking, 1n order that the acid may attain cons-
tant strength. The flask is then looesely stoppered with a funnel,
and the contente digested on the water~bath for forty-eight houre.
The mixture is filtered while hot, through a 3uchner funnel(sucktion
funnel), washed thoroughly with hot water and the filterate and warch=-
inges evaporated to dryness in a porcelain dieh and ignited, the reci-
due ir again taken up with hydrochloric acid, filtered, agdin evapo-
rated to dryness, and heated for half an hour at 105 degrees centi-
grades, The reridue ie now disolved, as far as poerible in dilute
nitric acid, flltered and make up to about 50 Ce.. To the =solution is
added several grams of armoniur nitrate and 56 Ce. of amzroniurm-nolyb-
date esolution. The mixture is allowed to stend in a warm place for
24 hours, the yellow precipltate filtered off, and washed thoroughly
with one per cent nitriec acid. Disrolve the precipitate hoth on the
filter and that remsining in the beaker in warr diluteasmonia, paseing Jf
the whole through filter; nearly neutralized with HCl and the phorpho-
ric acid precipitated with magneeia -mixture. Then precipitated fil-
tered warhed with arronia {one part amronia to 3 parte of water) dried,
ignited and weighed as ragnerium pyrophosphate (¥goPs07), and the re-
rult multipliedby the factor 0.27838 to give us pure phoerphorur.

pPotarsium Determination
(A combination of the procesees given in Practical)
{agricultural chemirtry by Auld and Ker and in ag-)
{ricultural cherical analysis by Percy F. Frank-)
{(1and)

- The eolution of potarsrium deternination ie prepared and treated
as in the care of phosphorus deterxination except the residue ir ta-
ken up after the cecond evaporation with dilute HCl instead of nitric
acid. To the rolution is added 5 Cc. of a 5 per cent solution of pla-
tinic chloride and the mixture carefully evaporated on the water-bath
almost to dryrese , The resridue ias freated with 8C per cent alco=-
hol and digested for geveral hours in alcohol of the ecawe rctrength
then thrown upon a weighed filter and washed with alcohol, The pre-
¢cipitate is then dried at 100 degreers centigrades until of canetaﬂt
weight, The precipitate is potaseium platinic chloride (2ECL # PiCl,
or PtClg ). The result is xultiplied by the factor O. 18118 to give

us potassiunr alone,
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SECTION 1
The Value of such a survey

Up to this time we have heen dealing with principles which were
ertablished and promulgated by other investigators and all we had to
do was topractice ther and apply them accorlling to the wording of the
principles, The more important part of our soil knowledge and =o0il
handling hegins when we combine therpe principles with actual daily ex-
perience and skill, for here we are given to choose amrong the rany me-
thods of soil treatment and our success will wholly depend upon our
quickness in observation and =election of the best. A=z I intimated
before, a soil survey of a region treats of the different types of
50il of thatregion amd their relation to crope particular to their na-
ture and the local c¢limate., This could hardly be accomplished in a
chort tize even of a very limited area by a single person. The data
at the end of thir thesle 1s all that has beenaccomplished as far as
an actual soil survey is concerned. Due to deficiency of personal ex-
perience I shall einpply precent in this the second rection of the work
the available plant food, the crop requiremente, the relation of the
crops to the requirement and the means hest adopted for conservation
of so0il fertility, in general and not to any particular type of =2il
of the 3eirut plain., In line with this discuseion I shall give a ta~-
ble and a brief 1ethod of land evaluation,

This theeis will have served its purpoese and the writer will have
realized his end if it succeeds in showing those concerned three vitasl
points; 1g1 the unsatisfactoriness of their present practice in agri-
culture, 2nd the enormous poeeibility of the future and 3rd the inte-
rest they should take in scientific managerent of their land. The pre-
sent practice of farming in Syria is hardly better than thewaye priri-
tive ran adopted. The few successful crops that they may get are prin-
cipally chance crops and unexpected. As an instance, though referring
to.a place in Palestine and not Syria, 1 recall a very remarkable in-
atance of ignorance in land management in this part of the world. Ten
years ago the Carmel mountain flourished and groaned under the weight
of one of the most productive vineyards of the world, The farsers were
unable to carry to the rmarket all thelr products of grapes and large
amounte would g0 to waste due to neflect because of the inahility of
the farnere to pick ther all. ¥%ithin two to three yeare all of thie
verdure and prosperity was reduced to srall insignificant patches and
thesre too by the by vanished and no rign of the part rerained. Tre
rmountain became denuded of their grape-vines alrost overnight. #hy?
No one knows., Up to the prercent tine the mountain refrains tonourish
satisfactory vines or other plant=s as she did in the paet. Now if
there had been aby man with scientific endowientes in that region he
wo@ld have found the trouble and prevented the disarter, This , and
rmany other cares of the kind, all the rore indicate in what 2 freat
need is this country for an advanced =cience of agriculture. Hay
this eseray serve as a nucleus for the future pioneers to construct up-
on and to encourage rodern idear and ryesters of cultivation. Yas not
the country in ite interest in other affaine neglected that which i=s
of primary importance, nazely the proper cultivation of the land. The

f syrian plainfs are rich snd very proniering and of high fugture possiwi-

lities and hy the proper attentlion of her citizens should yield abun-

~ dantly.
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Chapter 1. : |

Avallable. "Plant Fbod:!

In judging the value of the food constituent of the smo0il it is ne-
cessary to take into account not only the total amount of phosphorus,
potassium and nitrogen which it contains but also the proportion of
each which the plants are able to utillze readily. There are nany =o0ilrs
which are very rich in one or rore of the above constituents in euch !
insocluble form that they are of little immediate henefit to crops which |
case iR rpecially true of soiles of granite origin. It ies true that
these food constituente are not lost to the =o0il by leaching but with
the modern system of intenesive farring the farrer cannot afford time
to wait until they hecore available, and what he does is to resort to
stirulents or commercial fertilizeres in which connec¢tion the term "a-
vailable" was firet used. The argusent was barsed upon the supporition
that coils do not contaln avallable food as do fertilizers which is to-
tally fallaclous for experiments previourly dernaribhed actually prove
the existence of part of the plant fodd in available form.

Besides the application of fertilizers, there are other practical
methode of increasing and rendering plant food in the =cil available.
The rost economical iethod would be the adoption of a syster of faprr-
ing which makes plant food available in the s0il without =ubrequent
lors., By estimating the plant fodd removed in the crop and taking
into consideration the extent of leaching we can earily deterzine the
amount of phosphorus 2 roil should contazin in order that what it sup-
plies in available form will =meet the above requirement, aesuming that
2 per cent of nitrogen, 1 per cent of phosphorus and 0.25 per cent of
potaesiun could be made available during one seamon and under normal
conditions, What the =0il contains of plant food sufficee for a large
number 9 crops but all the question liers in how fast thie store of
food is nmade availible, This fact complicated the evaluation of 1lznds
for there may hbe lands poor in plant food content and =till five out
available plant food at rapid rates while other tracts of land rmay pos-
ress Jjuet the reverce propertier, 1In fgeneral the soilr of the latter
type pay more than the formwer for they can easily be rmade to furnieh
available food in rsufficient guantities by lime or other roil ~tiru-
lent-application, while the former ie always in danger of total deple-
tion and destruction.

The plant food irs mmade available by the action, of the acide, chief-
ly HNOzand HyCOz, rerulting after the decorposition of decaying or[wn-
ic mat%er, and plant rood exudations as well. The roots of plantes ars
known Lo excrete acids which attack the "insoluble plant food and ren-
der it soluble or available, for the =ap of all plante with which they
have direct connection are diéstinectly acid., Roots have heen noticed
that have etched polirhed rarble upon which they have crowled.

Moet recent experirents have shown that what effort the farmer may
put into applying available food, fertilizers, except nitrates, is,in
the last analysis, merely an effort at more equal distribution of the
plant food in the =.me ftate ars it i8 In the ~o0il., Experiment hzae prov-: .
ed that the moment the fertilizers are applied they are disrolved in '
water and the =olution immkes a coating over all the #0il particles in
an Ineoluble formr and this equal distribution and increas=ed surface
merely givea rore chance to plant root acids to act and thus rexove
more plant food., Inesoluble plant food would not afford the =ame chance
1o the plant roote for they do not dissolve in water to form the coat-
: ing around the particles unlesrs they be very finelv nowderad anud am-3a
-1-T -V Vo _ ' -
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. Food in-available form in the subsurface and subsoil does not con- |
tribute much to the productivity of crops. It would be better if the 5
subsurface and subeoll roils acted am rerervoirs for the surface =roil
and the surface =0il contained all the necesrary food. The leached
out plant food, as potassiunxr, may be sought out by plants which ray
thus utilize as much of the plant food as they need. Despite all thi=,
potassium is found, as a result of leaching, in increasing amounte the

~deeper it goea. The physical properties of s0il if on proper bases
will enable plants to go deeper in search of water and of =uch avail-
able food on their way down. The subsurface and eubdroil are very poor
in plant food as far as nitrogen is concerned for they are deficient
in organic metter and no conaiderahle aiount of nitrogen is leached
down from the surface roil,

A theory was launched in the beginning of the present century in
connection with plant food availability by some Armerican agricultur-
ists chiefly Profecsor ®Thitney, Chief of United Statees' Bureau of ©oil
and Dr, Careron, Chlef Chewxist of the sawme Department, that all kindse
of roil contain the plant food in suffliclent amount and available forn
to glve rise to rich and profitable crops indefinitely were it not
that the plants suffer from one anothers excrements, They said every
plant excretes through its rootes subetances which are poisonous to the
new generation of their own egpecier and to =ome others not of the szare
epecies and what the fertilizers do is to neutralize thelr poimning
properties. They based thelr argument upon the familiar fact that
trees cannot prosper if planted in places where another itree of the _
care Kkind wae frourishing the year hefore and aleo that fertilizers .
do not show their effect until =ome time has elapsed or the sweetening
procere has heen carried far enough. As the theory has not as yet
been recogniced by ninty-nine per cent of the distinguished agricul- E
turists of the world we need not dwell much upon it except before pas- |
aing to the discusrion of crop requirewents, to state that everybody
wirhed it were so, hutl they cannot favor it for no doubt exists as to
the fact of the impoverishrent of eoils by crops, after the lapre of |
time; and they know that no such impoverished ecoils have heen obeserved
to attain their forrer fertility even after centuries. The worn out
abondoned farms of the Eastern U.".A. are typical exarmples,

Chapter 2. P
Crop Reguirement .

The derand of different crops for plant food fror =cil, taken on
an average, is the sare for rost plants, with rore exceptions, vwhich
ceem to be, in certain cases, not directly connected with the require-
ments, aes the the case of calciup for legurmes. All the plante ot one
period of their life tiue bear reed and the gerze of there meedr are
rich in phosphorus potassiur and nitrogen. Now the prohler ies how
ruch of there seaeds différent: crops.produce which deterrines what the:
zainly remove from soil and what their requirement is, The =talk and
the straw too, remove of the food elements in considerabhle arountes
and should occupy their proper place in the bill of crop requiremente.
Crope such as cotton, =ugar beet, potatoer, remove more potaseriux then
the other elements and do not yleld well if not given potassium in the
forn of conmmercial fertilizer=e.

; ; 3
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The following tahle based upon averages of large numberse of ana-

lyais of nornal producte will demonstrate the three rmain constituente
of different crope, from which we can easily form an idea of the quan-
tity of the different plant foods which crops require and the value of

each in ordinary times.

Fertility in Farm Produce
Approximate maximun amount removable per acre annually

(frox Soil fertility and permanent agriculture by )
(Cyril G. Hopkins.)

Produce Pounds #oney Value
S : : Nitro-| Phoa=| Potas-] Nitro~-{ Phos-.iPotas~ [Total
Kind Amount £en pho~ [sailunm. gen pho~ l=sium value
rus rus=

1Corn grain [10€ bu.| 100 |17 19 $15,00(%0.51 | 3 1.14]|3%1€.5

{Corn stover| 3 T. 48 6 52 7.201 0.18 Z.12] 1C.5C
Corn c¢rop |------- 148 |23 71 22,20 0.£9 2.2¢| 27.15
Oat grain [1C0 bu.| €6 (11 16 9.90{ 0.33 0.96| 11.19
Oat atraw 22 7.1 =1 5 52 4.€5] 0.15 3.121 7.s2
Oat crop |------- 97 1€ €8 14.65] 0.48 4,08} 19.11
Wheat grain| 50 bu.|] 71 |12 13 10.65( 0,36 0.768{ 1l1.7¢
Wheat straw] 2% T.] 25 4 45 © o 3.75] 0.12 2.70{ €.57
Wheat crop |=--=-~~ o6 16 58 14,40] 0.4€ 3.48) 18.3¢
Soy beans 25 ou.| 80 [13 24 12.00{ ©.39 1.44} 13.83
Soy b atraw| 2% T.| 79 8 49 11.85( 0.24 2.94] 15.03
Soy b crop |--~=-==- 159 |21 73 23,35| c.e3 | 4.38] 2¢.8€
Timothy hay 3 T 72 9 71 1C.80} C.27 4.2€1 15.33
Clover seced| 4 bu. 7 2 3 ©1.08| ©.08 0.18] 1l.g9
Clover hay 4 T.] 160 |20 120 24,00| C.é&0 7.2C| 31.8C
Cowpea hay 3 T.} 130 |14 928 19,50| 0.42 5.881 25,80
Alfalfa hay 8 T.| 400 . |36 192 . 60,0C| 1.C& | 11.52} 72.€C
Cotton 1lint|[1000 1D 3 0.4 4 C.45] 0.01 0.24} c.7¢C
Cotton seed 20C0 1b| 63 |11 19 9.45| 0.32 1.14) 1C.92
Cottonstalk|40CC 1b] 102 (18 59 15,30 ©.54 3.54}1 19.3¢
Cotton crop|=--==- 168 129.4 | 82 256,20| c.g8 4,021 z1.0C
Potatoes 300 hu.{ 63 |13 90 9.45| 0.39 5.4C| 15.23
Sugar heets| .20 T.| 100 |18 157, 15.00| 0.54 9.42| 24.5¢€
Apples 600 bu.| 47 5 57 7.C5| ©.15 3.42f 1c.ez
Leaves 4 7.] 59 7 47 - 8.85] 0.21 2.82| 11.8¢
7Wood growthl /50tree 8 2 5 -0,80| 0.Ce c.30f 1.ce
Total crop [-=-----« 112 (14 109 16.80[ 0.42 €.54| 23.7¢

“|Fat cattle |1000 1b} 25 7 1 3.75 C.21 0.C8| 4.02
Fat hogs 1000 1hi 18 3 1 2.70] 0.09 0.0&| 2.85
¥i1k 10C0C 1b] 57 7 12 8.55| 0.21 0.72| 9.4¢
Tutter 400 1b 0.8] 0.2 0.1 0.12| 0.01 c.01| c.14

:
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The rucceeding table gives us an idea of the amount of the prin-
ciple food elemente which mature trees (in this case only fruit
trees) remove directly from the soil during a season's growth under
normal condition

Plant food used during a season's growth by a mature
: fruit tree in full bearing.
N (fréom. U.8. ' . Fariers Bulletin)

Varietyj Nitrogen|Phosphoric | Potash | Lime lbs.Ti;gnesium T
1bs, acid 1lbe, 1lbs, . 1lbe,

Apple 1.47 0.39 1.57 l.e2 C.E€

Peach 0.62 .15 0.€C 0.985 0.29

Pear C.25 .06 C.27 .32 0.C9

Plum | o.25 0.07 0.32 C.34 c.11

Quince C.19 c.cc .24 C,27 0.C8

The time and temperature make & great variation a2s 1o the degree
of requirement, ar in the earformation and "filling season" more
plant food is usced than at the close of the rearon,-

Next to the examination of crop requirement it will be appropri-
ate to get a general view of the relation of crope th these require-
mente., The mediumswhich ret up a relationship hetween plant and its
requirement are factore whose favorablenes- an unfavorablenees pro-
duce distinct effectrs and changes in the crop production. The fac-
tors are light, air, temperature and moisture conditions for the
growth of the leaves, stere, fruit or ~eedes of plant, The change
in these factore,which is naturally expected, bring about critical
periode In the life of plant as in the time of ear forxing, =pecial
supply of plant food appeare t0o he necescary. With deficient sup-
ply of any of the requireients crops acquire a pale yellow color
which may be due to "nitrogen hunger" or any other hunger. While
on the other hand they mature earlier if the requirerments are well
balahced and do not suffer if they be over and above the anmount ne-
cenrary. At times these factors create such a etate of affaire that
even with presence of requireients plante cannot adopt themselvee, to
the created enviroment and this ies why plante of the terperate, tro-
plecal and arid zones differ so much -from one another and cannot ex-
change hoxer. Some of the plants have created euch characteristice
that they can bear one clizate and not another, as rice crops gannot
he cultivated on areas other than humid, while other cereal crops
can withstand with patience lere humid conditions. Tea plants zuet
have proper drainage andheat or elese they would not grow.

Potatoes grown on the rame land for 15 years conrecutively =top-
ped to yield on the =sixteenth yenr and when barley wse planted over
this eamme =0il a yield of 75 hurheles per acre was obhtained which showe
crop requirements were not deficient but that the excreta of potatoes
increased g0 much as to hinder it frox reiwdving their requieements or
it caused its own self-poieoning-although not poirsonous to barley.
Yith these factors In mind we iay well consider the following stzte-
ment from Thitney, in U.S.'s Farrers Bulletin 257.

2
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"Apparently, there agall amount of fertilizer-s we add to the acil
have their effect upon thelr toxic subst-nces and render the soil

aweet and more healthful for growing plante. ¥e helieve it is through

this means that fertilizers act rather than through the esupplying of
food to the plant"(pare 20).
"There ir another way in which the fertility of the =oil can he
rwaintained; viz, by arranging a system of raration and growing each

year a crop that is not injured by the excreta of the proceeding crog;

then when the time comes around for the first c¢rop to be planted =-
gain the eo0il has had arple time to diespose of the sewerage resulting
from the growth of the plant two or three yeare before ----~= Barley
will follow potatoes in the Rotharerted (anEnglish arriculturet expe-

riment and research station) experiwents after the potatoes have grown

s0 long that the =s0il will not produce potatoes., f%he barley grows
unaffected by the excreta of potatoes, snother crop follows the bar-
ley, and the =o0ill is then In condition to grow potatoces again.
. "In other experiments of Lawer and Cilbert they have wmwaintained
for 50 years a yield of 30bushels of wheat continuously on the sare
#0il where a complete fertillzer has been ured. They have seen treir
yYield go down where wheat followed wheat year after year for 50 yeare
without fertilizere from 30 bushels to 12 Durhels, which is what thev
are now getting annually from their unfertilized wheat plote, With =
rotation of c¢rop without fertilizers they have 2lr0o maintained their
yleld for 5C yeare at 3C burhelas, =0 that the effect of rotstion hae
in such care heen identical with that of fertilization"(page 21, 22).
Other minor faectore create esimilar changees and res=ults but their
further describibg will divert us fror our main rubject and the above
‘statements have been sufficient to acquaint us with the main pointe,

Chapter 3.
Conservation of =0il fertility,

The conservation or raintenance of s0il fertility ie a very dif-
ficult e~ubject and =0 intricate in detail, and dependent upon so many
local and variable conditions that it cannot be treated in this ereav
in other than by a general diccusrion of the subject.

The practice of the rain agricultural operatiosn of hurid sections
of the world, the conservation of =0il fertility rae heen acquired

through centuries of experience, and is bhared upon three chiel rethods,

The firet method ir fertilization, or wanuring, which is the most ge-
nerally practiced, the second, crop rotation aleso widely practiced
and bhecoming very important and the third is by proper culture and
tillage including drainage and irrigation not we’l appreciated a=—d
little practiced. .Another plan for perranent =0il raintenance or of
eoll improving woild he the adoption of three other syetenes hetwcen
which and the above there e conciderable siiilarity. They are ar
follows :=
(1) To recure nitrogen from te inexhaurtible supply in the air.
(2) To liberate potassiwm from the practically inexhustible sup-
ply in the =oil,.
(3} To return phosphorus to the eo0il in rome form in as large or
larger amounts than are removed in crope,

)
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‘These r:ethode only touched the feeding Tactor while other factore
are jurt as iwportant, for plant, {0 efubsie{, must drink, breath and
have a proper =anitary enviroment, just aa much as they =hould feed,
Let us take up in brief soxe of ther& topice each by itrelf,

Fertilization Hethod

Fertilization always has been and without duubt always will be
the principle rethod in permanent =o0ll maintenance. 3ut enorroun
quantities of fertilizers are wasted annually especially the farm man-
uree, by improper handling and exposure to alr. There are dilferent
kinds of fertilizers, all of which rerve to hring about fertility,
but core, as the commercial fertilizers, not having all the constitu-
ente of plant food are applied to land deficient in ther only. Usu-
ally the comrercial fertilizeres are accompanied with farm manure or
any other nitrogeneour ratter with the best resultes. PFarreres chodese
fertilizers which can he obtained as cheaply a® poreidle and in lcor-
ge amountes with proper degree of rolubility and finenese, The follow-
ing table on page 25 gives us a key to the v-lue of the different fer-
tilizercs in the mrket and on the farm in norrmal timees. The table
treats only of the three rain plant foods hut occaieons arice at tinmes
that calciur becores deficient when ‘:ordinay limestone will he an e-
conorical resource.

Before resorting to feprtilization methode the s0il should firet
he examined either in the leboratory, or br experiment on the field
iteelfl, for the amount of ite available food. Appemsrance of plante
does not ordinarily indicate the lack of one elerent cr another, for
the lack of any of them may be indicated by the ezxe rigne., The new-
est method for deterxining the amount of fertilizers and, of which
paricularelement a soil lacks, was discovered by Frofeecsor Whitney.
The procedure is toc take a harket made of wire netting with about cne-
eighths inch mesh and dip the rim in relted parafin until a little
ring or band of parafin isformed around the top. It ie then filled,
and preeced, with the =01l to he tested which ust have the right a-
rnount of roisture. Then the soil is filled to one-hz2lf inch from the
top we brush off the e0il which may project fror the reshers and tven
dip all, to the parafin rim, into melted parafin quite hot. The pur-
pose of dipping the rir of the beasket in hot parafin ie¢ to corplete
the =ide of the pot, above the =0il, which could not he dippedeco deep
in the parafin after the pst war filled with the epil., We do the
came for other rsamples of the same soil with different fertilizere in
it and a seed of a plant in each one, and watch their growth. Iif the
growth be the sare in all no fertilizer 1s needed if not, we ndd the
fertlilizer which gave the best result. The principle involved in the
test is that aeration factor ies elininated and =o the =soil showe ex-
actly its growing conditions for if aeration were allowed all =eede
would grow on good and bad soile with practically no difference acs is
noticed when such experirents are performed in ezrthen pote. This me-
thod is more practical and more reliable than the chemical method, will
take three weeks to decide and c¢an be used to give any other kind of
information we might need,

Rotation method
Rotation zethod is a ruccession of different crops onw following

the other on the same land., The principle involved is to secure nitros.
gen; from the inexhsnustible rupply in the ain b -
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point of view of Professor Whitney it is the sweetening of =o0il for
the =ucceeding crop hy growing crops alternatively which do not rind
The: gyetem may be prac-

the poironour excreta of the previoms crop.
in a fixed and definite order that iz at regular intervalre,

ticed

Fertility in Ranures rough feeds and fertilizers.

{(from the

ture by Cyril G. Hopking. sseaxsss)

foil fertility and permanent agri«}

Teb Pounds: per ton KHarket value per ton
Name of Material Nitro«i2hoa=- |Potas~f Nitro-|rPhos-|potas~||Total
gen., pho- eium £en. pho=| sium |value
o rue. : rus,

Fresh farm manure 10 2 8| & 1.50|% 243 .48 [32.22
Barnyard manure 10 3 8 1,50 . 36 .48 2.34
Corn stover 16 2 17| 2.40| .24] 1.c2 | 3.€¢
Qat etraw 12 2 21 1.8C 241 1.2€ 3.30
Wheat straw 10 2 18 1.8C .24 1.08 2.E2
Clover hay 40 5 30 6.00 .60} 1.6C || 8.4C
Cowpea hay 43 5 33 6.45 .60 1.98 9.03
Alfalfa hay 50 4 24 7.5¢ +481|( 1,44 9.42
Pried hlood 280 42.CC 42,0C
Sodium nitrate 210 4€,50 4€.5C
Ammonium sulfate 400 eC.CC €0.0CC
_Raw bone meal ec 180 12.00] 18.0¢C 3C, 00
Steamed bhone meal 2¢ £8¢ 3.00{256.00C 2€.Q0
“Acidulated bohe real 40 14¢ €.0C|16.80C 22,80
Raw rock phosphate 28C 7.50 7.5C
Acid phosphate 125 15.0C 15.00
Double superphosphate 400 48.0C 4€.0C
Basic elag phosphate 160 1€.00 16.00
Potareium chlorice 85C 51.0C [[51.0C
Potareium sulfate 850 51.0C [i81.00
Eeinit 2C0 12.0C §12.0C
Wood ashes 10 100 1.2C| €.0C 7.2C
"Complete fertilizer" 33 68 33 (2) 1 (%) { (22 |=e3.cee

and clover; or wheat,

cowpeas,

corn and cowpeas; or cotton,

‘The rtalk and all berides the grain,
should be returned to the so0il and at times or after

four yeare agreen legume crop to he turned under.
As to the process and the agency by which the legumres enrich the
The other effectr

soil,

and insects on the farn,

this has been =stzted in the previour pages.
of rotatxon are to avoid the accumulation of poinesonocus weeds, Ciceare

Jne satisfactory rotation plan for grain farrers ies wheat ,corn, oat

corn, and oate anrd

csesedes and cotton lint
the lapre of
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The plant j;este peculiar to a crop multiply =0 quickly under
one crop ryrter that it hecomer imporible to recure profitable re-
turns from the soil, no matter how ratisfactory the other factors
may be. The rotation syetem acts ar a resistant against there
peete for in the plans given above the one crop following the o-
ther does not -becone subject to the peste of the one before.

Planis must breath

Plantes, just as the members of the anirnal kingdomn, need oxygen
to feed upon, anda chance to get rid of noxious gaces ar COg and
others. The leaves do nost of the breathing of the plant and the
rocte apparently take part in the performance of thie function.

But the roots give off at the same time ga<es which if they do not
ercape through the =0il would poison them juest as people in a crowd-
ed roor with no ventilation, after a while would feel drowey and
have head- aches due to poisoning. Casers are known where trees have
been poiconed-by the escaping gas {rom the illuminating gas pipe
leakage in the streets, This fact shows the very great importance
of ridding the plante by proper ethods of tillling of noxious gasee
formed by their roots, Though this does not seer to affect the fer-
tility, but without the sligheest doubt does increase the yield, it
may he conridered an indirect means of periranent =01l zaintenance.
This tillage may further the possibility of a better drinking sye-
ter. for plante, ac well, for it ies an ordinary rayilng that we rust

render the moisture of the so0il available for absorption by the roote,

The fact is that it is not the water that cfeeks the roots but the
rooie which go after the water. The phenomena of capllarity iz slow
in its action and alro=st negligible for the c0il particlees grip the
waterso hard. Experirente actually have shown that the dry layer on
the top of a2 =01l prevents evaporalion more than a moist layer, which
showe the action of capillarity to he very s=low, Now by proper til-
lage the plant rcoots will he given the opportunity to grow more free-
1y and run away from their polsonous matier which they eject. It i=e
for this rearn that a new root after a day or two of drinking corks
over, that is 1t ie coated over with a corky tissue, to avoid the
poisonous excreta, while the tip of the root keepes on growing, drink-
ing and litile by little corking over. Thir was a very indirect me-
thod of conservation of soil fertility.

flants rust Feed

The discuscion of 1hie topic again bringe us to Professcp Yhit-
ney and Dr., Cameron, whom I have quoted hefore, Very few agricul-
tural subjects can he treated without reference %0 the=e two ren.
They put the question of e0il fertility in such a =ituation that
rany problers of agriculture are dininished that is they say that
if the farmer were able 10 extricate the plant excreta fron the soil,
fart enough by whatever methode that prove succes=ful, he could cul-
tivate his 1lznd every year and the fertility would nct fail, This
theory underizines all other atterpts for maintaining =o0il fertility.
They say that plants have an extra-ordinary power for abeohing ma-
terial fron solution and“all ohstacles in the way of this abrorption
and extraction be reroved, plantis will have =ufficient and even mrore
than sufficient to feed upon from =0il epolutions which contéin ap-

reciable arounts of dissolved nineral plant food in them. X8 an ex-
arple they suggest the sea weeds which extract jocdine from rea water,
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which has 0 1little iodine in it that we cannot detect thie element g
#ith our moet delicate zethods of analysis even though we concentrate
it 1o a very =mall part of its original bulk. The rethode of getfting
rid of the =0il excreta, ithey naintain to he rorething like oxidixing
by bacterial agencies and cultures, i

In the future if this s0il theory of fertility =hould be establi-
shed and methodes fOr its practice he discovered, it will replace the )
present tediour methods for e#0il maintainance, and then no land will |
be termed as worn out or depleted.

There theories al precent however do not do a bit good to the far-
mer, as long ars he cannot put ther into actual practice, (in the ide=zl
and Utopian may that is with little expenditure of energy and roney), |
and he and his land will be tired out if he waits until they assunme
workahle shape. The best and wircest retrod for him would he to conm=-
bine the already succesciul nethode for maintenance of =0il fertility

‘as glven ahbove with hie own daily experience on the farr; at the rame

taking full consideration of econony of tire, money and energy, and
any practical discoveries in the line of hies profeescion.

Chapter 4,
Lvaluating land.

Land evaluation emphasixes the izportance of producing and main-
taining large crop vieldes, for lands increace in price with fgeometri-
cal progreession ar the yield increarees in arithrmetical progression.
That ier, if a land which produces a 20 bushel crop of corn is valued
at 321.81 an acre; a double yield of the same land rultipliees the val-
ue more than five timees., Land values hzave always been, {for farrning
purpores only, reacured by crop returns, at average rarket price, which
in rmost caces comes out right, 3But at timee it become= gorplicated for

there are lands which actually are heconring impoverished hy eoil etimu~

ient. application., while in appearance their yielding quality is high.
An examination by the parafin pot iethod will give sufficient data for
valuation but not in the case of a stirmulated land where it totally
fails and the =0il hae {o he subjected to cherical rethods of determi-
natione. 1In evaluating land, the expenresof the crop it has to yield,
and the local lacal land tax are taken into account, The nllowence
for land tax as taken in U.R.A. is a uniform rate of half a per cent
of the actual valuation of the land which is fixed by its interest-
earning capacity of 5 per cent or in the last analyeir ten per cent
of the interest., In many countries the taxees of land are for local
purposes as schools, roads, bridges etc with little or no distinction
hetween the poor and the rich lands that pay them, The locality of
the 1land will make a difference in ite wvalue, for the local taxes in-
creare if the lande, are near the cities and decreare for thore fur-
ther from the cities. A careful consideration of the following ta»le,
o page 28, will give us the relative value of land of different yields
and clearly indicate that yilelde =lightly helow the figures riven rake
the land practically valueleer for huisnees or inveetrent purpores.

The ahove method of local valuation ie adipted, in U.S.%. or in Eu-
rope where the net work of rallways practically equalizes the value of
the farms of the =axne degree of fertility, and not in thie part of the
world where celdor do railways cross euch fielde. This drawbacl in_tkis
country mrakes a morked change in the wvalua af- _1
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are given values accorking to the rate of freight from their loca~
tion to the city or village where their products sell best.

Value of land mearured by crop yields.
{from s0ll fertility and perwanent acricul)
(ture by Cyril G. Hopkine. )

low

l Groes Annual expense, per acre, et Fet val-
Corn yield { value [%0il [To Ilarvest|Taxee [Total ~ | value{ue of
per acre of crop|treat-|grow “and on annual of land per

ment. |crops [Karket |land jexpense| crop. acre.
An acre of wheat at 75 cente a bushel.
10 bushels [ 5 7.5C |51.00 (33.00) %1.00 |X0.23|% 5.23 | 32.27]% 45.45
20 buchels 15,00 | 2.00 | 3.CC 2.CC | C.73) T.73 ) 7T.27| 145.45
Z0 bushels { 22,50 | 3.00 3.00C 3.00 | 1.25| 10.23 | 12.27| 245.45
4C hushels 30.00 4.00 3,00 4.0C 1.73) 12.73 | 17.27 | 245.45
5C hushels 27.5C | 5.00 3.001 5.00 | 2.23| 15.83 | 22,27} 445,45
An acre 2f corn at 4C cents a bushel.
20 bushels |} 6.00 [21.80 |%4.cc| %1.cc |30.11(2 6.1 | 31.09|2 21.61
40 bushels | 1C.0C | 3.€0 | 4.00| 2.0C | 0.58] 1c.18 5.821 11€.Z6
€0 bushels { 24,00 | 5.4C ] 4.0C ) 3.C0 | 1.08] 13.45 | 10.55| 21C.91
8C bushels 32.C0 | 7.2C | 4.Q0C 4.00 1.83] 1€.73 | 15,27} 305.45
loo bushels | 40.CO0 | 9.0C 4.00 5.0C [ 2.0C| 20,00 | 20.C0| 40C.CC
An acre of oats at 30 centes a hushel.
20 bushels | 5 €.00 {50,580 [53.0C | %1.0C [50.14 |3 4.e4 [ 31.36 (% 27,27
40 burhels | 12.00 1.¢C 3.CO0| 2.00 | C.585 €.55 5.45| 1C2.09
€0 busrhels 18.00 1.5C | 3.06G | Z.0C | ©.95]| 8.45 9.55] 100,91
80 busheles | 24.00C 2.C0C 3.00 | 4.00 { 1.3€] 1C,35 | 13.€4| 272.72
EOO bushelr 3C,00 | 2,50 | 3,00 5.C0 | 1,77} 12,27 | 17,73 354.54
An acre of clover at J € a burhel for seed.
1 bushel | & €.00 {23.00 31,00 51.5C |JC.CB}% 5.55 | 3C.45|% 92.0¢
2 hushels 12.C0 | 3.C0 1.00} 2.00 | G.45) 7.45 ] 4.55 9C.91
3 bushele 18.00 | 3.0C0 1.C0 | 4.5C C.8¢ 9.3C | 8,€4) 172.72
4 bushels 24.0C | 3.00 1.00] €.00 1,27( 11.27 | 12.73| 284.45
5 bushels 3¢.0C | 3.C0 | 1.00 ] 7.5C 1.€681 13,18 | 1€.88] zZ€.z¢€
Average for the four year rotation
% 6.88 % 5.59 1 31.29{% £5.€C
13.75 7.086 5.77] 115,4C
2C.¢€2 1C.28 1 1C.25] 2C6.00
27.50C 12,77 1 14.73} 294.€C
c4.28 15,17 { 19.21| 3E4.20
e e e

In general lands on the henke of a navigable river
good valuer, ar any other land would have which jay have a favorable
situation for the transportation of ite products.
parated from cities and isolated by bad roads or lack of roads attain

values.

lande in danger of heiny flooded gperrinantle
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lands ars swamps, marshes and boge have no value whateoever, and bdbreed
deadly mosquitoes whichlower the price of the neighboring lands. The
question of valuation of forests does notfall under the di=scuseion of
thie paper and offers a subject by itself which needes agreat amount of
skill, knowledge, experience and data for proper rolution,

SECTION 111
survey of. Beirut pPlain’

The heavy rainfall of Beirut district makes all kinde of =oil de-
termtnation, of any of its quarter unreliadble for long periods of time,
The precipitation of 26 inches (this year over 43.5 inches) has con-
siderable influence upon the =0lil as regards leaching. The soils wash-
ed frox RBeirut River bacin into 3eirut River maker a perceptable chan-
ge in the character of all the =oil of the neighborhood in a comparza-
tively short time. The north and the weest eides of 3eirut undergo a
rimilar change but instead of being washed into a river they are wash-
ed out into the Mediterranean. Thies latter change ies of a more rapid
character and the extent can be commonly judged by ohserving the tre-
zendous amount of =soil washed into the sea, after a heavy rainfaill, et
times the muddy water =stretches over a mile. We ruet rerember that
several cuch raine fall each year. The frequent barometric changes ex-
ert mome influence over the physical property of the soil that is by
the change inatmoepherie prescure, the =o0il 1=a repeatedly aerated.

Beirut district rerembles a peninsula or an arm of the low hills
of lebanon stretcred far into the rcea, The plain is =0 esituated that
the north wind haes distinctly variable effects upon its different quar-
ters,contequently have different arounts of rainfall,

With all the above natural tendencies to bring about alterations
in the soll of RBeirut the conestituent ol ite =0il will remain the sanc
with very little radical change for reveral decades, ar the plain not
being an even one is endowed with sediment from the hille and mounde 1
in and around it all of which show to be of the same geological struc-
ture. ’

On reveral occalsone I have offered appology for not having all
the means at ny dirposal for an extended and ideal rurvey of Beirut
Plain and regretfully lirmit myself to the presentation of a part of
the survey or of the chemical deteriinations of ten ramples from dif-
ferent placec widely separated from one another and not particularly
representing soil types. The sanples are all surface =0ile and fror
within the boundary of the accorpanying rap which shows the epots and
horings warkeéd out. I =hall append the zethods followed and the tabh-
ulated forr of the result along with the map. “owme of the proceedures
of the experirents has heen given on pages 1€ and 17. That remains to
he desérined ir the method of collecting and sampling of the soil.
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Collecting =01l sanples
(from soil fertility and permanent agriculture hy Cyril)
(G. Hopkins.)

10 to 20 bhorings of different places ahout a rod distant from one
another are collected and thoroughly mixed. An auger of 1! inches in
diameter with the vertical lips filed off, is the rost esatisfactory
irplement to ure. Only the =o0il of one of the two fgrooves of the au-
ger is saved for both grooves represent the =ame layer of ro0il. Or-
dinarily surface =0il ramples are collected and experimented upon in
which case the auger has to go down into the foil only € 2/2% inches.
1f subsurface =0il i= to be experirented upon the next € 2/3 inckread
will represent it and =ubeoil the third € 2/3 inches, 1In all carer
the hole of the ahove € 2/3 inches is enlarged =0 as not to mix thre
different soils togather.

- Thelthoroughly cixed sample alfter air-drying
ir pulverised to pase through a sieve with rounc -
holes.l mm. In diaxzeter. Any gravel which does
not pulverice as eacily as the dried lunmpes of
clay is further pulverlieed to pars through a 1¢0
mesh sieve, The s0il which is now all paseed
through the esieve i= again thoroughly aixed and
the required amounts for the different determi-
nations weighed out from it.

Aoger

The Ten Samples

Mark of the Locality and number of boringe

.Sample
Prom near Pigion Rock; € borings.
¥rom around the plain of Ras 3eirut; € boringe.
From Professor Patch's garden (S.P.C.); € boringe.
From near Forn-esh-ghabbak; 6 boringe.
From near the Pine-Forest; € horing=s,

¥rom near Beirut River, left of Dammscus railway, € bore,
South of the Gas Company plant; € borings.
East of the tram company; € borings,.

RN OEEOOE M

kark of the Nature of the Locality,
rample
Luxurient plantation, ploughedland, bean and barley .
Ploughed and unploughed land, squash plantation.
From land which ie probably fertilixed by cow manure.

From around the pine grove-,

Pasture

Pacture

From ground bearing a very rich crop of wheat,
Pasture _

Potatoes, heans and uncultivated land etc.
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From near Beirut River, lefi or north of tramr line;€ borsﬂ?

From a gfarden opposite the Collere ground~ (=.2.C. )¢ bOP#.?

Orange groves, potatoes, rquash, bean, cucumber and bsriey
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The amount of noiesture lo=t in the sample=,.

famples "elgnt in grame imme~[Weight in grame after] Arrount of mois-
diately after boring air=-drying. ture evaporaied
A Lo iiiiees B30 Liiiiaesecesensr 294 LLiiiiiiesinses O€
= B *F B o N e 225 4 % 4 B 8 U B R 206 . 8 8 R b b a b R R 19
C O RN R I H 400 L I Y LI N B 368 PR B T R I I R I T 3\2
D ..... LI B B 410 o # B & ¥ FBFR AR 59C * * b & ¢ B &P TP PR 20
E ...0u. 12 1> T 1 1 P 5
F am &g " r bR 400 0‘.-!.0... llllll 590 LI L I IR RN R B IR BN Y I B lo
G trerivacese BZB  sesressssereses C20  La.ieaiisnessas 15
H ¢+ B F S RN 325 ..... P N L] 500 N EEE I 25
K & 4 & 9 % B 3 o8 ¥ AR 325 a s d 5 8 A 8 F B4R b S s 290 LI B RN I R R R B BN 35
L EEEEERENEER] 416 " T E LR EE R R EEE) 400 RN RN RN R 1C
The result of the nitrogen phoepho-
rus potaseiun deterninations in the eanples,
S Nitrogen (M) Phoeprorue{?) | Potassiun (X).
samples | percentare {in 2,000,0CC per per
' 1be of s0il centage centage.
A ... 0.89€ce ..M, 13920 ..... c.18  .... 0.5222
B... C.5g801¢ ..... 1CE02 ..... ©0.232¢6 .... 0.32972
... 0.195644 ..,.. 3208 ..... ©.1€58 .,.,.. (C.5208
D... 0.173¢ ..... 3472 ...... 0.2974 .... 0.3034
E... 0.25zC4 ,.... 3C4C ,.... ©C.2548 ,... 0.3352
.., C.1€94 ...,.. 338 ..... ©.2214¢ ..., C.193
G *an 0.1736 R 3472 »r e s O-llol ebug TS
H... 0.152C4 ,.... 3040 .,... C.Z123 .... 0.3159
K ... 0.,19544 ,.... 39CE8 ..... C.2C2 eeas 0.3352
L ... 0.1C83€ ..... £2l€€ ,.... 0.,1435 .... 0.2182

The figures in the last table chow goéod prospects whth the excep-
tion of two or three carplers. However too much strese cannot be laid

‘upon there figure= since the fertility of a =o0il 1is very greatly in-

fluenced by texture snd physical conestitution, perhaps rore ~o by these
factore than by chemical conpoesition, Having in mind the above =tate-

‘rent we can have the Tollowing as a key for judging the ten rampler,
"samples containing lese than 17 of nitogen arelikely to he benefited by

applications of nitogenous fertilizers. Where the amount of phosphorue
ir lesr than C.05 per cent phosphatic fertilizers need be applied, while
more than 0.1 per cent needs no application unlees in =0ils containing
a high percentage of iron coxpounde. Similarly ecamples with lees than
0.25 per cent of potassium need epecial application of potareiur fertili-
zeprs, while thore containing as much a= C.4 or 0.5 per cent and over do
not respond to fertilizers,

In conclusion, the writer would record his hope thatthe data set
forth in thie paper may reprerent the beginnings only of a complete =o0il
survey and evaluation of the lands of Syriay o

' THE END
¥ay 20 , 1919

Respectfully submittedVE%W\
; ly sul ed,
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