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N y INTRODUCTION
The Jornada Red Loamy Sand is a local soil occurring
on the Jornada Experimental Range in southern New Mexico »
and on nearby areas. The undisturbed vegetation associated
with this soil is a desert grassland consisting principally

of black grama, Bouteloua eriOpoda, which is one of the .

'most Valuable range types on the Experimental Range. Lying
contiguous to and partly 1nterspersed with the Jornada Red
Loamy Sand is another local soil the Jornada Red Lcamy o
Sand-Windblown Phase. This soil as its name implies was
considered by Veatch (22), in the report of his survey of i
the Soils of the Jornada Experimental Range, to be a deter—i
iorated phase of the Jornada Red Loamy Sand.A The vegeta-
tion on this soil consists almost entirelv of mesquite,(_ |
'Prosopis‘ggandulosa. The grazing value of this range type )

s a

is very low by cqmparison with the black grama range. ’

Jardine and Hurtt (7) have estimated the grazing capacity
of the mesquite, or mesquite sandhills range as it is call-
ed locally,‘to be slightly less than a third that of the o
black grama grassland.» Conversion of the grassland to the
mesquite sandhills thus results in the loss of the greater
part of the original grazing capacity. The s0il protection

value of the vegetation cover on the Windblown Phase of the

Jornada Red Loamy Sand is also very much less than the ;M'




desert grassland on:the:stable phase and wind and deposi-
tion.is:'severe. ' Water erosion, -though: less general, -is: . =
severe overilimitediareas, . - <. Cilnllos. LotnT

* Because-ofithe’low grézihg‘andisoilipiotection‘value
of the vegetation:on~the Windblown Phase 6f$thélJornada5Red
LoamySand, considerable work has been-done-on:the Experi-
mental Renge aimed at improvement:of the-cover,: :-This:work
.hasfconsiSted*invthefmaintof protection from grazing by
livestock, ‘rabbits, :and:other rodents: Little or 'no’im- -
provement in the vegetation-cover has attended these treat-
ments.  As a‘result.of -this lack of improvement,-it has' "
been suggested’ that the character -of the soil:is such as-to
be limilting"-’tc-’ithe "s{mce'ssi-‘bfithe'sdesirable; grasses foundon
the adjacent grassland on the Jornada Red ‘Léamy Sand. -
- Two possibilities are suggested asito’the manner in -
. which’the soil”of -the -Jornade ‘Réd-Loamy Sand-Windblown Phase
may -be’ limiting or”ﬁaftlyilimitingéto the ‘growth -of - desir-
able forage-plants., One of ‘these'is-tha:effect of wind
erOSidnfand*déposition-dffthe‘sahdy soilabout plants and -
abrasion-of -plants by wind-borne sand. 'Theé other has to do
with the water and'nutrient holding and sipplying capacity
of the.soili -Itis with this latter -possibility that the
present studyiis conecerned, . G G e . Luioulelmounl
saf cualemllliot o Review'of Literature ¢t . G il

iDifferences:'in-natural:vegetation-cover-have beén c¢or-:

related with ‘différences in associated soil types:(2) (8)




(le)a(lV):(is).:fSuccessional#changes.in the: vegetation
cover. are.accompanied: by Changes-in s6il:.conditions as has
been .noted’ in:a.limited number of studies. :Cooper, Wilson,
and Barron (4) describe:a-definite succession:-of pasture
plants which accompanies: decreasing soil: fertility: in the
northeastern-United:States. .. Stewart (20),: . working in New.
York:State; 'made a comprehensive:study: of physical, -micro-
tbioiogiéal}~dhd-chemical;conditions:of;the soils of -forest
'hndaoprasturea'exhibitingcfive‘dggreesiofyquality;:ranging
.fram good;blue-grass:pastureadown,totdeteriorated-pasture
heavily invaded -by.moss and ferns,-. He found that the’ change
from trees to:grass was’' accompanied by loss of permeability
to ‘water,.lessened water“holding_capacity;fand;reduced air
spaée; and. that. the forest and better pasture:soils have: -
deeperﬁand:mpre,humifiedﬁAﬁandrthorizonsithan do-the -soils
of the poorermﬁasturesxfﬁPlantﬂresidgeSpwersnfound,to ac- -
'cumulate»on:the surface of the pOorer«pastufe-soiis,-which
.were . more acid in reaction £han the soils of the forest and
better. pastures. fItZwaé~found;that;the~forést:soilS'rankcd.
highest~in@initialfnitrate;cdntehx.and ingaccumnlation of -
| nitrates.:during storage,:followed: by the soils: of blue-:
grass pasture, Rhode-Island. bent:grass paSture,*and"Wifﬁ
thepoor pasture soils’ showing the~lbwestiinitialjconténtg
and:accumulation:during storége;*‘Lime was: found to7bexhiéh—
est in the blue grass pasture soils. Azopobactef were found

only. in. the blue grass soils and legume bacteria only in.




soils. in'which legudes hLad ibéen: growing. ‘Sinclair and’ -
.Sampsonatlg)astudied;thoninfluencesaofltherA;iB;.and;Cezz
horizons of:soils of -the.Holland, Alken, ‘and Olympic series
in California:.on:the’ development of early-successional =
aﬁnualgand:later-suocessional,perennialfplants:r;Inioll g
cases greater:growth:and: earlier-development were obtained
ihathe:A:horizon.thanginathe<B;or C horizons.. Water re-..
quirement :was found.to be higher: for plants grown in the
Biand G horizons than:for plants-grownsinﬂthe A:horizon.: -
‘Alkman-(1) studying ‘the . Telation of the: stages.of plant - -
succession to erosion in-central -Iowa, found- that depth.of
soil'increasesiand:e;osion;losses decrease:asithe:succos+:+
sion~proceedsifromjthe;initial;folioso;lichonfstagegto.the
lindenfmaple.communlfy;;.Waterfholdinggcapacity;wgsjfoggd_to

be rabout as great for-the early formed. soil-as for:the:soil

of ‘the-later.stages. :Wilting'oooffiqient?and;organicimatter;

content;were“foundatocincrease;slightly}from;xhe;1owen,to.
tha;highervsuocessionalfstages._ Pt Larmen L ol T"v
~:-Millar (11) .studied 48.crop-depleted Michigan soils.and
'the;undoploted.virgin-soils=nearbyf‘ He found that the vir-
' gin. soils had -a greater rate of: solubility upon standing
afteribeing washed. practically free of: soluble salts and

concludesﬂjhat;decrogsing,rate>ofasolubilityiis;onoaoﬂ the - -

important:changes a.soil -undergoes in passing:from & vir-. . .,

gin.to:a depleted condition. : ... .- - 0 L




June Murphy-and Daniel (13) in-a comparative study: of the
normal:soil of: the’ short.grass plains in central-Oklahoma
with adjacent solenetz soils found -that the natural vegeta-
tion consisting of:blue grama &nd buffalo grass afforded a
vital: protection:to the-thin A horizon of:the solonetz as:
shown by rapid rate of-erosion following any removal-of
plant . cover,-:The originalcover of~"blue"grama and-buffalo."
grass ‘failed tb'grOWiwhenfthefA-hdrizbn was -depleted ‘and.

three-awn grass, Aristida ‘oligantha, -occupied the deterior-

ated soil. -The B hbrizongbf;the?soionetz%didinot'support a
vegetation cover sufficient to prevent its: rapid-erosion.--
"Shantz and Piemeisel (18):in astudy of:the vegetation.
of Escalante Valley, Utdh, described and-figured a vegeta-
tion type consisting chiefly of -big rabbit bush, Chrysotham-

nus spp., growing on'the top of -sand dunes with the’ inter-:
dunal areas barren. ~This-type of vegetation in"the Escalante
Valley is stated to’ result from abandonment after- farming. -
In their study of the vegetation in the Imperial: Valley in
California, these same workers'(17) described and. pictured-
é*sana*duheiVegétatibn'cénsisting?of-methite;TProsopisl'

glandulosa, and chamisa, Atriplex cdnescens, which is very:

muchlike-the mesguite’ community on:the Windblown Phase of
the Jornada Red Loamy Sand. Here they report that the dunes
consist of}pure sand with little sand in the interdunal areas.
Water holding capacity and wilting coefficient of the soil

is low; rainfall enters the surface of the soil readily and



run-off is low., The soil-is well supplied with water after
the winter rains, but this.water is rapidly removed by
plants:and:evaporation:during the-early:summer. . Salt con-

- tent:was. found to be:low, running less than: .0l percent,:dry
soil basis,: in'most cases in the. first and -second:.foot and:
from .01 to:.03 - percent in the:third and:fourth :foot.:-

- :.-These workers-have:shown some of the changes that soils
und;rgo wlith changing conditions-of the vegetation cover.
Some of . these-changes._have been soimafkedithat'plantsfchar—
acteristic-of the:virgin or undeteriorated soils -are not.
cﬁpable-or‘growingﬁsuccessfullyﬁonnthe1correSponding;deter-
iorated-soils. In view of .these findinge and of the .lack of
success of the treatments made on the Experimental Range, -
the presentgstﬁdygwas,undertaken~to;discover"any;differences
between the stable Jornada Red Loamy Sand and the Windblown
Phase of this soil which might account for the failure of -
the.plants- characteristic:of the stable ‘phase to become es-
tablished -on:the windblown phase of ‘the soil. The present
experiment consists of physical, :chemical, and. microbiolog-
icai,anqusis,and.pot-testsfoﬂ;samples)tAken;from each of -
thesqzsoilsﬁand¢frqm locations intermediate between the two -

~which represent transition conditions. .



.- - EXPERTMENTAL - AREA
| Location

The Jornada Experimental Range is located in-Dona Ana
County, New Mexico at the southern end of the Jornéda plain,
a.basin without drainage outlet between the San Andreas and
Oscura Mountains on the east and the' valley of the:Rio . -
Grande River on the west., . .

. Soil.and Vegetation .

The Jornada Red Loamy Sand and the windblown phase of
this soil occupy th91greater;partiofzthe=westtpa?t-of,the
Experimental :Range. Veatch: (22) described these soils as
being among the older soils:'of the Jornada plain, all of
which consist of comparatively recent. deposits-of unconsoi—
idated alluvium_not later than Pleistocene in age,: derived
rrom the nearby”mountains.: As to the:general nature of the
soils of the Jornada plain, Veatch:states that they are not
at all comparable. to the:soil mantle:which is found in more
humid climates but are little more than various-lithologic
phases of the surface.of a recent.geologic férmation. - The
soils-of the'whole.Jornada. plain are:shown' in the Atlas of..
American. Agriculture-(21): to fall in, the Southern Red Desert
’ Soilvgroup»and_to.cpnsispjlargely«of»the<Reeves“s§ries;;ﬂ
thphghmsome-éreas of ‘Sand are shown to occur interspersed: -
with this series locglly.  Standard soil survey.of the Jor-

nada’ plain:has not been made in:sufficient detail to place




the soil in-the Experimental Range-in either:'the Reeves ~ '~

series or ‘Sand.

The "Jornada Red Loamy Sand is described by Veatch ‘as

being 'a uniformly medium’to finé sand with gravel and:stones

absent; exhibiting the following profile: -

‘" ‘Sandj 23to’6'0r'8‘in6hés.

“‘ate; 18 inches; gradation to:" -’

- Superficial veneer of grayish, loose, incoherent:

i

" ' Réddish, -slightly ‘compact loamy sand; 24 to 30

"*inches;’grédatioh tos:

. .galmon“‘dolored Sand, slightly cemented, stresk-

“ed’and splotched with-accumulation o6f lime-carbon-

-1

"‘Hard, whitish, mortar-like caliche; consist-

" ing of fine and medium sand cemented by lime car- -

 bonate, 6 feet; abrupt change to: - -

- Medium and ‘coarse granitic sand, unconsolidated

"and“not highly calcareous, 1 foots < - - ==

The land occupied by thHe soil-is nearly level or gently

rolling-and the -surface is smooth.’ Black 'grame grass is

dominant in the undistiirbed natural vegetation on this soil.

Other grasses, ‘chiefly mesa -dropseed, Sporobolus-flexuosus,

spike daropseed, S. comtrastus, poverty-grass, -Aristida ai--

varicata; and ‘red ‘three-awn grass, A. pansa, occur-in minor

proportions. ~Soaptree yucca, Yucca elata, a stalked ‘yuéeca

of some 4 to 6 feet in height characterizes this grassland.

Broad-leaved herbs, especially:pérennials, are uncommon. -



‘The Jornada . Red Loamy Sand—-Windblown Phase is describ-
ed by Veatoh as being similar to the Jornada Red Loamy Sand
butadifrering¢from~the»latter.soil in surface structure.
Over much of the area occupied by the Windblown Phasel;thei
surface has been shifted by the wind into low humnocks and
dunes. :Avhard'whitish caliche substratum is present, as in
the stable phase of. the soil, but at variable depths, de-
pending_on_the;degree:of wind erosion and:deposition.b,Be-

tween the higher dunes this substratum is sometimes exposed.

The surface of the bare soil between the dunes is subgect
stable. Changes in level of the surface of nearly two
inches over. a, 2l-month period have been . observed.i The .
original surface of this, soil is considered by Veatch to .
have‘beenrsmooth as is the presentisurracekofgthe:stable
Jornada Red Loamy Sand. ALl stages of transition.between
the two soils are observable.. The Vegetation associated.
with.the windblown soil_oonsistsvlargeiyio£;mesquite,n This .
planmt occupies the sand dunes and its habit of growth is
modified by the assosiation with the dunes. Instead of ex-
hibiting an upright. growth of a few stems, one to.three or.
iour_inches_in diameter, as it does when growing on compact
soil, the-.plant has hundreds-of:small stems of about one-
fourth to one-half inch.diameter projecting but.a foot or

so from the dune tops.  Other shrubs,.chief among which are

chamiza, snakeweed, Gutierrezia sarothrae, soaptree yucca,
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sandsage, Artemisia filifolia, and wild alfalfa, Dalea

scoparia, contribute in a lesser degree to thevperennial
plant cover of this community. Except for the light stand
of shrubby species the interdunal areas or blowouts are
quite barren for the greater part of the year.z In summer
and fall of years favored by heavy, well-distributed rain-
fall, a stand of annuals deve10ps on the blowouts.' Most

common among these are.n big sandburr Franseria acanthi-

carpa, sunflower, Helianthus canus, ohamaesyce Chamaeszce

albomarginata, reverchonia, Reverchonia arenaria, and big

mallow, Sphaeralcea incana.}ﬁGrasses‘are very uneommon in

this community, the two most common species, mesa dropseed

and plains bristle grass, Setaria macrostachya, constitut-

ing only a trace in the total vegetation cover, if present
to that degree. As in the case with the two soils, all
stages in the transition between grassland and mesquite
communities exist. So closely are the two soil tYpes and
their reSpectiie plant communities’associated-that’the major
portion of their resPective boundaries pr&ctically coincide.
These two soils and associated plant commnnities and in-
termediate transition conditions are represented in Figures
12ands.'
Climate

The climate of the Jornada plain, like that ‘of other

southwestern lowland areas is severe for several months of

the year as regards growing conditions, Table 1 presents a




Figure 1. Desert grassland consist-
ing of black grama grass on the Jornada Red
Loamy Sand, Jornada Experimental Range.

Figure 2. Mesquite community on the
Windblown Phase of the Jornada Red Loamy
Sand, Jornada Experimental Range.
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Figure 3. Intermediate transition con-
ditions between the desert grassland commu-
nity on the Jornada Red Loamy Sand and mes-
quite community on the Windblown Phase of
the Jornada Red Loamy Sand, Jornada Experi-
mental Range.






TaBle 1. Mean monthly temperature (1928- 1940), evaporation .
(1929~1940), precipitation (1914-1940), and wind movement (1929- 1940)

as recorded at the Jornada Experimental Range Headquarters.

December

Mean monthly | Mean monthly “Mean monthly ‘Mean monthly

Month temperature evaporation - precipitation ‘wind movement
oF Inches Inches Miles
January - 38.7 2.87 .41 2909,.3
February 43.7 4,13 039 2911,5
March 49,5 7.50 .371 3796.7
April 57.9 9.98 .19 3843.8
May 65,8 12,39 47 3571,7
June 75.2 13.63 .58 3480.4
July 78.3 11.82 1.72 - 3192.1,
August 77.1 - 10,36 1,70 2657,0
September 72.2 8.68 1,47 2387.9
. October ‘60,9 6.29 .85 2278.7
- November 46.7 5.88 .43 2144.7

39,5 2.54 .63

s

2070.7

o1
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summary of mean monthly temperatures, evaporation.from a .
greeAwater‘surface, precipitation, '-and wind.movement:as:ob~
served at,thewJornada Experimental Range Headquarters.  .In-
spection:of this table .reveals a:combination of relatively
high temperature, high evaporation, low precipitation, ‘and
high wihd movement occurring - in the months of April; May, -
and June which renders this period one of considerable stress
for vegetation. -Rainfall coming "in:late June or. early July
breaks this stress period and opens _the growing season.on’
the range'whichvcontinuesfuntil;lowitgmperatures‘check.4
growth in October,  The combination of climatic factors::::
‘which makes spring and .early summer a stress:period for ::
vegetation:onuthe.Jornadé range ‘is increased.in‘severity .on
the WindbldwntPhhseéof-the-JornadafRedtLoamy'Sand.i Here .
the high wind.movement ‘over ‘the nearly barrenrsoil.Operates.
to rapidly remove moisture from the surface of the-soil:and
to transport much.of :the loose .sandy soil from place to- ...
place, thus d:ying;the'soil‘more'complgtely than by  surface
‘evaporatibn alone, .'In addition the wind does further dam-
agé by erosion and deposition.of sand about plants growing

on the nearly barren site. - -~ - - oo ool I

 METHODS. . -ir-
Collection of Samples .. - -
Soil samples were collected -at three series of stations

located along:the-boundary between the Jornada Red Loamy -
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Sand and its Windblown Fhase as shown onvthe:outline‘nap of
the Jornada Experimental Range, Figure'4.‘ Each series in-
cluded one station in the desert grassland on the stable
‘Jornada Red Loamy Sand, one in the mesquite commnnity on
the Windblown Phase of the soil and a third station inter- %
mediate between these two and representing transition con- }
'ditions between the two soils and vegetation types. Samples
iwere taken at two points at the Grassland Station: near a :
small inconSpicuous mesquite plant and at a point 10-or 15 é
ifeet distant where no mesquite plant was present. Three |
”ﬁpoints were. sampled in the Transition and Mesquite Stations'
on the top or the dune, in the blowout next the dune, .and
in the" grassland near the mesquite community. The sampling.
_depth at all these locations included the surface 8 inches.
In addition, samples were taken at greater depths on the
dunes and in the grassland near the blowouts.' On the dunesA
'samples were taken at Successive 8-inch intervals ‘from the
surface down to approximately 8 inches below the original
soil surface. In the grassland near the blowouts, samples
were taken in successive 8 inch intervals downward. to ap-
proximately the same depth as the surface sample in the
'adjacent,bloﬁout;"Relative location”of the stations in a
;series»andprIntsJand depths}orisampling;at;thesstations{
‘are shown diagramatically in Figure 5. Samplirg was done

by digging with a shovel, VA larger quantity of soil uas'
'dug.than was needed for the sample and the soil well mixed
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Range showing the location of the Jornada Red Loamy Sand,
the Jornada Red Loamy Sand-Windblown Phase, and the a, B,
and C series of stations at which soil samples were taken
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Vi TV lv £4JJw V

Grassland Stations
1 No mesquite
2 Small mesquite

Original soil level-

Transition Stations
1 Nearby grassland
2 Blowout
3 Dune

Original soil level —

Mesquite Stations
1 Nearby grassland
2 Blowout
Z Dune

Figure 50 Diagram showing type of vegetation, condi-
tion of the soil surface, original soil level, and relation
of sampling depths at the different locations at the Grass-
land, Transition and Mesquite Stations,



18

on a wooden platform before removing the sample quantities,
-Which.wére,plaQSQ,in_Kratt paper bags for transport and. - .
-storage.: - St L lu

vl W::;}‘ABRIYﬁical_Metppﬁﬁ_z1~72%f;¥; Lo

. Certain physical, chemical, and.microbiological analy-
ses were made of the. semples and in addition pot tests were
mede of the.surface soils from the Grassland and Mesquite
Stations, ... ..
- .. Physical analyses. made were those pertaining to the.. -
water holding andhsupp;ying.capacity;cfithe,goilsa,,field
capacity and wilting. coefficient.. .Wilting co efficient. was,
obtained indirectly from the moisture equivalent according.. .
to the method described by Briggs and Shantz (3).  Field -
capacit&jwasjoptained in the course-of the moisture equiva-
lent determination. by allowing,the_saturated,soiis_to;stand
until drainage -ceased and weighing before placing in the :;-:
centrifuge.. : . cooamivon ol » L

Chemical analysés;consisted:of determination of cal-

,cium;'magnesiqm,vpotassium,:chlprides;;sulfates,hcarbonates,
‘bicarbonates, nitrates,.and phosphates in a 1:5 water ex-
tract. - Extracts were prepared by shaking 100 grams. of -soil,
which. had- been passed through & 2mm, sieve, with 500 ml. of
cool -freshly-boiled distilled water on the mechanical shaker:
for 30-minutes and then filtering by gravity. through paper

and the soil colloids until.a clear extract was obtained.-

7
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o ch¢ium*and:ﬁagnesiumrwere.determ{nedabyutitration
with standard soap solution. ' Potassium was determined :vol-
umetrically by precipitating as di-potassium:sodium cobalti-
nitrite with acidified tri-sodium cobalti-nitrite reagent;:
dissolving “in standard ‘potassium permanganate adding excess
standard sodium oxslate and titrating the.excess ioxalate - : -
with ‘standard-potassium.permanganate. :Organic matter was . : -
fi¥st removéd by oxidation with .concentrated nitric-acid.
ChioridéS‘wére?déterﬁinéQiby titration with standard silver
nitraté5ﬁsingfpotaSsiumfdichrOmate indicator, ‘Carbonates
and bidarbonates were“determinédiby}ﬁitrationjﬁithjstandard?
sulfuricaéid, carbonates being: computed from thé:phenolptha-
lein“end ‘point "and biearbonates from: the méthyl.orange end
pointt*?SulfateS‘were*determined’turbidimetrically~by com~
parison-with prepared standards.:. Nitrates:were-determined:
colorimetrically by.the phenoldisulfonic:acid method,;vaiues
being: computed by comparison with:standard nitrate. solutions
on?the“boloriﬁetér;FESolublé;organic—matter;waséfirst;re—ww
moved by precipitation with COppérfsulfate.LfPhOSﬁh&tes:Eui
were determined: colorimetrically by:the Deniges method. pH
valueé?weredobtaiped'in’unfiltered;l:StsuSpensiqns by means
of'theﬁBeckmanipH:meter.L‘Tdtal*soiubleisalts:were'determin4
ed by conductivity. ¢ v L _
"f,Micrbbiological analysis of the soils was made by:de= .
‘termininé”theicapacity of the. soils:to oxidize the:nitrogen

of ammonium sulfate. A 50-gram: portion of each soil: sample
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was moistened with ammonium sulfate solution containing.
12 mems of nitrogen. Distilled water was added to bring.
the water content up to 9?,timm--. After an incubation.per-
iod of 23 days at room temperature, nitrate determinations
were ‘made of a 1:5 water extract of these samples.i,

Pot tests were made in the University of- Arizona. Botany
Department greenhouse of the surface samples from the Grass-
land and Mesquite Stations.. Two sets-of pot:tests-were.

made: ..one:in which Rothrock grama, Bouteloua Rothrockii -

Vasey-(6), was used as the culture plant, and-another in -

which one of the six-weeks gramas, Bouteloua-Parryi-(Fourn.)

Griffiths (6),¢was used. The-plants: were. grown in ‘two- -
gallgn;glazed;pots;with;drginage;holesrat,the‘bottom‘W;Int
the -Rothrock grama set, -a-pint wide-mouth Mason-fruit jar - -.
was‘inverted!over,the;hole in each pot to take up spéce and
thus reduce the quantity of soil,neéded:sinceuthe-supplyn:w
was li&ited. Pots were then filled with the dry - soil.and -
watered with 2‘litersAofrdisti;led’water;bthezquantityvcom-
puted to almost satisfy the.field capacity.of the soil used.
After allowing :the soil-to dry sufficiently to .avoid
puddling upon-being worked, .a uniform:quantity of clean

seed was sown in each.pot. Pots were then covered with: -
paper discs to keep the surface of the soil moist during
seedvgerminationvand;emérgence;;.Planting.was done on ‘Decem-~
ber 2; 1940.: Owing to caterpillar damage, the pots of ;blow-
out soil of the B and C Series had to be replanted on
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Decemher 9;‘ After'seedlings were‘eStablished,3they were
{thinned down to 85 or ‘40 plants per. pOt'; Measured‘amounts_
iof distllled water were used to: water the pots. 'w;téf'aa-‘
ditions were made at the same time and 1n equal amounts to
all pots in the Rothrock grama set except during the early
period of growth when additional small quantlties of water
were added to- the pots of blouout soil in the B and C Series
to keep,the surface;m01st during emergence of the second
crop seedlings; and later when uater_waséwithheld from the
ﬁpot of blowout soil of the C Series;to aroid over watering.
Amountsjof water applied andvdates of watering are shown in
Table 2. On April 30, 1941, the plants were washed out of
the pots, partially dried in a plant press and photographed.
After photographing, the tops and roots were separated, dried
at 1059 . C and weighed._--vf

The set of pot testS'using{six-weeKs grama as the cul-
ture plant inoluded' in7addition to pots of the two surface
samples’ frOm the Grassland Stations and the three from the
Mesquite Stations, pots of- blowout .soil from the Mesquite
Stations to which- nitrogen phosphorus and potassium amend-
ments‘were independently added by watering with solutions in-
stead of distilledhwater[ fOWing to the lack of sufficient
_soil'of the A Series :Mesouite Station blowout, potassium
amendment of the soil was omitted Solutions containing the

,primary amendments (nitrogen phosphorus, or potass1um) also
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Table 2., Record of water applied on pots of Rothrock
grama plants grown in surface soils from Grassland and Mes-~

uite Stations, in milliliters.

Date Pots watered Amount Remarks
Nov., 23 | All - -2000: | Initial watering
- prior to planting
Dec. 7 ﬂAll S ‘ 10 To keep surface’
‘ moist during emer-
- o . -1 gence of seedlings
9 | C Series, Mesquite- 150 | To keep replanted
; blowout seed moist
1l | B and C Series, Mes- 50 | To keep replanted
gquite-blowout seed moist
12 | A1l ' 100 o S
16 | B and C Series, Mes- { 100 ‘}-
- qu1te~blowout ‘
22 |-All s : o 500
Jan. 2 | All o S 1 250
. 6 | A1 R 1 250
12. | B'and C’ Serles Mes~ © 200
quite-blowout SR &
- 13 ) A1l o o --.500- .
20. | A11 - . S 500 -
27 | A1l o = 500 .
Feb, 7 | All u' SRR - 1000
17 | All - 1000 -
Mar. 3 | A1l except c Serles, - 1000
‘ " Mesquite~blowout*
5 C Series, Mesquite- 1000
blowout
13 | All except C Series, | . ‘1000
Mesquite-blowout*
- 17 C Series, Mesquite- .>1000-
blowout
22 | All except C Serles 1 - -1000- |-
: Mesquite-blowout*
.85 | C Series, NMesquite~ . 1800
- blowout
- 28 | All except C Series, | 1000
B Mesquite-blowout
Apr.. 4 | All - 1000
14 | All except c Series - 1000
- |- Mesquite-blowout* -
17 | C Series, Mesquite- 1000
- R blowout . IR
26 | All except C Series - 500
Mesquite blowout* -

*Whter withhield Irom C Series, Mesquite-blowout”pof'f
avoid keeping soil. too .wet. , T »
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contained .24 gram per liter of magnesium sulfate and .55
gram per liter of ‘calcium’chloride in order that’ calcium,
magnesium, and sulfur be present in each amendment pot.
Water and amendmént solutions were added”in’ equal amounts
and at the seme time throughout the. six-weeks grama set as
éhaﬁn by'Teble?S.”'

- Table 3 Record of water or amendment solutions appli-
ed on pots of six-weeks grama‘'plants grown-in surface soils
from Grassland and Mesquite Stations and in Mesquite-blowout

s80ils amended with nitrogen ‘phosphorus, -and potassium, in
milliliters.

Date Pots watered  Amount emarks ' '
Feb, 13. .. - All. . _ 500 ,Initial waterlng prior to
- “ e PR o - e v e o g R P planting ..
Mar. . 6.. A1l = .. .. ., 500 . Water or amendment solution
13 0 7 AlY - 77 C 5007 Water or amendment solution
21 All 250 Water only
Apr, 1 All -.500. Water or amendment solution
7 - All ‘500" "Water or amendment solution
17 All 500 Water or amendment solution

--Each of the amendment solutions carried their.respec-
tive primary amendments.in the following Ponéenﬁr@ﬁim‘e*}
nitrogen as Noa, 0.62:gram per liter;. anSphorus.es“HPpé,
0.097, gram per liter;: and.potassium as K, 0.195 ér_am,;Per,-._s..
liter. = Amounts .of these nutrients added in the 500 milli- .
liters of solution applied at each watering were: nitrate,
1310;millisrams}-thSphate.'é?-SUmi;ligrans;;gne_popasg;ggh,i
97.5 milligrams.. Converted to parts per million of the dry
.soil;in;eacthot'(aboutn7wkilograms)3:ﬁhese‘amounts”a;e 44,

6.8, and 13L9,.xesPectively,=,Seeﬁfﬁas,not,sown directly in
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the,sixeweeksfgrama pots but-was sprouted from the chaff-in
sand,andpthe,seedlings_thenitranSplanted to: the culture ::.. .
pots, four:to:a pot. .Seedlings: were first transplanted on
Fehruary;l7uand;replacementsJwere;madepof;those;not;sur-
viving transplanting for several days-following.-:On May:1l;
1941, . the .plants of -this:set were carefully washed. Ffrom,izthe
soil, -partially.dried-in a plant-press, and photographed.
After. photographing, they were dried;at3105?‘Cfand;weighed.
Separation of:tops.from roots:of these plants for-.the pur-
pose of. determining top/root ratios was.not made owing to
the unavoidable:loss;of parts of:the very”rragile;root;sys-
tems ‘while washing them from the soil.:- ......iav .
.- ”N"?4§E§6£Té' e e

The results of ‘the field capacity determinations are
presented in Table 4.~ In each series the field capacity
values of the surface soil at the Grassland Stations and
the grassland of the Transition and Mesquite Stations are
seen to be generally lower than the surface soil of the ad-
jacent blowouts and dunes. The soil of the grassland of the
Tran81tion Station of the A Series is an exception to this
general relationship.’ The Transition-grassland soil in each
series has a slightly higher field capacity than the other
grassland soil.‘ The sub-surface soil of the A Series~J

Transition-grassland has a field capacity almost equal to o
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that'of'the\soil“in.the~adjac§nt/blowout;tand at the:Mes-
quite Stations-in all series.the field capacity of :the sub-
surface soil in the-grassland is higher than:that:.of the
blowout soil.,  The soil.in the dunes, although variable . ...
" within a‘'single. dune, generally. exhibits intermediate.field
capacity:values. ' None of the differences found are large.
T+ -Wilting coefficient data are presented:in: Table 5. -
Here the,relationship;ofpvalues-is geherally;similar:to,w
that of the field;capacity;data.v-The surface grassland
soil. shows- the lower values .and the- sub-surface grassland-
and blowout soils exhibit the higher values.. Wilting coef-
ficients of:the dune soil show slight irregular variation. ...
with¢depth but:are usually higher than that of the-surface
grassland soil:and lowerdthan:theﬂsubesurface&grasgland
soil and blowout.soil. . | - o oo oanr s

.-.: 2. - Chemical Analysis --::

- The pH values: of the. soil samples are presented in -
Table 6, These values range from mildly alkaline to. alka-
line and show no consistent variation: between grassland,
‘blowout, and. dune,

-Data obtained by chemical analysis are presented in
Tables¢7»to:l41and4ar§,summarized in-Table 15. - Total sol-
uble salts as:determined by conductivity are also shown in
Table 15. Results of calcium analysis are presented in
rTable»7.;;Calcium;content,is,shqwn to be consistently higher
in the soil of the dunes than the other soils, The other




26

s0ils ‘show irregular variation between seriés and between -
‘grassland and blowout samples. - Magnesium content of ‘the ~
samples are ‘shown by Table 8. Here the values, though
smallér’infmagnitude,'show»thefsamé'trend'as"calcium5Values;
generally higher -in the dunes &nd -lower -in the other soils.
.. Potassium concentrations of ‘the soils are presented in
Table 9.  Content of:potassium-is ‘seen-to be higher in the
soil ‘of the dunes than‘the soil ‘of the blowouts or grass-
land. It is of interest to note that potassium content of -
the ‘dunes' of the Transition Stations ‘tends-to-be consider-
ably higher than that of the:older and‘larger -dunes:of the
Meéquite-Stations; fConsistentIdirferences'do'ndt-appear be-
twééh'theisoils.df,the\blowoutzandfgrassland with regard to
potassium.content;  The surface soil.ofifhe“grassland‘at-the
Transifion'Stations.ihrthe Afand-B:Séries<exhibits"afgreater
potassium concentration than does the soil of the ‘adjacent
blowouts. ~ In the C .Series, however, the Transition Station
grasslénd»ié lower in potassium than:the blowout. At the

A Series Mesquite Station; ‘the grassland is also lower in
potassium than the 'blowout, but. in the B and C Series.the
grassland'spil”of:the.MesquitetStatibnsvshow higher potas- -
sium content fhan‘ddnthe,blowouts;' Sodium content of “the
soil. is presented in'Table 10. - These values ‘do not, -in gen-
eral, vary”widelyff:om'place to ‘place, ‘either ‘within a ser-

ies -or between series. 'Relatively low concentrations appear
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in the lower portions of -the Mesquipe»Sﬁatipp,dgnes_q;!the
B and C Series and in the Transition Station dunes of .the.
A and B Series.. ‘

-+ The.results..of chloride analysis are presented in. .
Table -11. . Here the data do.not show consistent variation
between grassland: and: blowouts; but with the exception of
the soil from the B Series, Transition-dune,.they do show
greater amounts of chloride in the dune soil than in- the -
80il of grasslapq_or;blowout.; N9;§h3p<sulﬂgtes,pqpiqarbpn—
ates were fouﬁd=in.any of the .extracts. - Results- of the
bicarbonate analysis are shown in Table 12. - Bicarbonate.
.valﬁeS;do‘nqt,ghowgconsistenp;dirferpnoesrbetween;soil,or.'
<thevgrassland,,blowouts,”and‘dunes;;3;,:,f“;,g; e
. ..The results of the nitrate analysis are presented in
Table lS.__The,data show,marked_difterences;in”nitrate,ooh-
centrations between the grassland and -blowout .soils on one
hand and the dune soil on: the -other, the values for: the : .-
.dune soil of both Transition and Mesquite.Stations: in all : .
series running uniformly:high.~gConceqtrationsgwere;found
to be higher in general beneath the surface on the dunes - -
than at the surface. . Consistent differences between grass-
land and blowout 80ils- are not shown by the data. Soil
from bqth.,Transitionnand'Meaquite-blowout;of;the,A:Series.;
fshowswlower;nitra£e~content;thanvtheasoil‘of the: .adjacent
- grassland. . At the Transition Station ofthe B Series,. . - ..

_nitratenpontent of:-the blowout and grassland soil is nearly




the same. - In the:C Series-both Tranéition—bloWout and Mes-
quite-blowout soil is higher in-nitrate:content :than the:._
soll:of the adjacent.grassland. .:It is.of interest to note. -
that in‘all series the 'soil -of ‘the Grassland-Station from .
next;xhessmall?mesquiteEplant:hasv&ahigher“nitrate,content
than:the Grassland.soil where mesquite:was‘notapfeéent:
«ov . The results:of phosphate analysis ‘are ‘presented in -
Table ‘14, The data show almost the same phosphate content
for all the grassland soils. "Phosphate concentrations ex-
hibit“a:sharpiincrease in:the .blowout soil ‘of: the Transition
'Stations¥in:allvseries;?and;decrease*almostrasfsharply in
the ‘blowout soils at:the:Mesquite ‘Stations. . The ‘dune soil
of.both~Transition*and.Mesquite,Stationsjexhibit;phosphateﬂ
congentrations'considerably:above;thetamounts found <in the
grasslandwsoil;".It;is;veryrinterestingatb’bbserve~that:the
dune soil of the Transition and Mesquite Stations show the
same relationship:with :regard to phosphate .content .that .they
do .for .potassium. .. The smaller, younger dunes:of the Transi-
tion .Station have a higher .content of phosphorus than -the ..
dunes- at ;the-Mesquite -Stations.  :Results of "all the chemical
analyses are 'summarized.in Table :15. ; 5 7
- Microbiological :Analysis ..

The -results of ‘the nitrification-tests are presented in
Table 16, in ‘terms of .the nitrate concentration in parts:per
million in excess_of;that—found;in:thé_untreated,unincubated

soil. Nitrification proceeded with considerable magnitude

s
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in‘most~of,the;dune3soil»8nd to a' lesser extent in;phe;:?
grassland: and blowout,soils.. -In. general, the:blowout soil...
has shown .slightly lower.nitrifying capacityAthan‘the;srass-
land soil: It is interesting to:observe:that although the
ammonié=added to-the: soils:was equivalent to 1063 parts: .-
per.million: nitrate: nitrogen, several of v the. dune soils -
converted:the greater part of :this during’ the period of in-

cubation. v ‘oo oo coin siom Ve Sreowcovo Soiloniootho

coionnoohst --Pot Testst o o i o
--The growth of topsiand.roots made by the Rothrock

grama'pldnts:grown;in,the“Grasslandxand-Mesquité;soils;of
Series A;uB,fandfccrromsDecemberaz;alggo,tq.Aprilgso;:l94l
is_shown by Figures: 6,77, -and 8, respectively. The average -
weights of tops and roothénd;tOP/root ratios of the.Roth-
rockugrama:plants;arefpresentéd;infTablele.anhese?datau
reveal ‘a greater broductionaor;tops>infthe grassland soils
than in:the;blbwoﬁt:Soil?offtheaA;Series;ronly.agslightly
greater:productioniin~the;grassland»soils;thanlin the blow-
out soil of: the B.Series, and:a much greater production.in,
theEgrassland soils. than in the blowout soil:.of:the-C Series.
The “dune ‘soil:of-the A and-C Series.is considerably:.more:pro-
ductiveeofﬁtopfgrowth.than grassland-soils of:these series
but»thereais.less difference:in!productiveness:of: dqune.and
grassland soils of the B:Series.-:Root.production:of :Roth-..-

rock;grama:plants roughly:- parallels top production in-most:-
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cases but exhibits inversion in the case of the dune:soil
‘of the A and‘'B Series., 'Production was greater in the grass-
land soils than in the blowout soil of the A Seriss, about
the ‘same in the grassland so6ils as-in the blowout soil” of
the B'Series, and very much:greater in.grassland soils than
in-blowout soil of the’ C-Series.’ Root production:is about
the‘sahefin”dﬁne“and1grasslandksoils-of%thé'A Series,

much’ less in the dune soil-than the grassland soil of the-

B ' Series, and somewhat greater in the dune than in the
grassland soils of the C Series,

Top/root ratios of the Rothrock grama plants are not
uniform from series to series but the general trend is in-
termediate for the grassland soils, low for the blowout
soils, and high for the dune soil., Variation of top/root
ratio between series is least for the grassland soils and
greatest for the blowout and dune soils.

The growth of the six-weeks grama plants made in the
Grassland and Mesquite soils and amended meéquite_blowout
soils of the A4, B, and C Series from February 17 to May 1,
1941 is shown in Figures 9, 10, and 11, respectively.
Average weights of the six-weeks grama plants are presented
in Table 18. These annuals showed greater variation in
size within a pot than was exhibited by Rothrock grama.

This table reveals the smallest yield in the unamended blow-
out soils in each series and largest yields in the Mesquite-

grassland and Mesquite-dune soils. The nitrogen amendment
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of the blowout soil resulted in but little production in
excess of that of the. unamended soil.. Phosphorus amendment
however resulted in the production of a noteworthy excess
over the unamended soil. Potassium amendment in one of
the two instances in which 1t was made resulted in a con-
slderable increase.‘ In the other case ‘the potassium amend-
ed soil gava lower yield than the unamended soil this
lower yield 1s however‘~hardly attributable to the amend-

ment. “ ST E y
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Table 4, Field capacity of soils from Grassland Transition, and
Mes uite Stations' in percent on: over-dr ~basis. oo SR

R BEGE K Transit on . ..ol |
‘ No- .. Small‘ Nearby o Y. .. INearby]: 4
Depth in mes- mes- . |grass- Blow- ) grass- Blow—
-Series| inches*  |quite [quite |land - lout: |Dune |land. . |out. Dune
oo e85 to w32 | :.413;.“-~ﬁw4m.ii;LWWM.J;L:MW AN 80,2
+17 to +24 } | 31.6
“+9 to +16 : ' 33.2
A “0 to  +8 : 30.8 31.5
Oto -8 | 27.8 | 26.4 :| 32.0 Sl.9 27.2 31.6
-9 to =16 | . .= Lo ] 24,0 1 35,4 | 0L 54,8 1 27.7 | -
J#7 to.#24 1L o b o ] 29.5
"+9 to +16 : , 33.7
B "0 to ' +8 . ; 35.3 ‘ 1 33.2
3 O to -8 | 26,3 | 25,4 || 29.6 | 34.8%4 34,0 | 25.4 | 82.4
-9 to -18 | -t p oD s R 34.3 | i B
=17 to -24 ; ; 374 {30.7 '
#17 to 24 b o ] 29,0
"+9 to +16 , : ' ; | 30.9
c “0 to 48 : : 31.0 : 30,9
: 0 to -8 |26.1° 25 4 28.0 32 5** 32 6 | 26.2 3%.8
‘ -9 to <16 |- - R - 32.6 ‘l2g.2 | -
_ ¥Eositive .dep ranges refer to 1ncrement above or{glnal surface,
level in the dunes,. ©

- *¥3-.4.'inches: of surface removed by wind erosion. Samples were taken
‘from the upper 4-5 inches of soil ST e P =

3¢



and-Mesquite’ Statlons,

Wllting coeff101ent of 501ls from Grassland Transition,
in. percent on oven-dry:basis. =~ . "

-Grassland Transition mescuite
' No" - Small Nearby N -|Nearby |-
SR Depth in . |mes-.: mes- . | grass-. Blow.:.. .. |grass- Blow—-‘ LT
Series | inches¥ quite [quite | land lout Dune :{land |out Dune’
|¥25 to +32 , ' 3.0
‘ +17 to +24 | 3.2
A +9 to «16 o ) 3.1
O to +8 | oo | .o noon ) 2.9 v.u0 | 2.6
... 0to-=8 3,0 | 2.8 | 3.6 | |29 |26 | | 3.2
1 -9 to -16 4.3 4.6 : 4.2 . 3.0 v
.|#1l7 to +24 i R
. | +9 to +16 ,' N 3.3°
B 1 0 to +8 | .. Fon oo o 3.8 P 3.2
|10 to -8 | 3.0 2.6 3.0 | 4.4%%| 3.7 2.4" | 3.4
=17 to =24 } 4.5 4.0 S
L 17 to +24 ~ ... 3.2
| +9 to +16 ) L Lo - T o 2.7
o 0 to +8 | v W e e 28 s 2.8
e ~~o to -8 .5.4 3.1 2.6 4.4*.* 3.3 .| 2.7 3.5 ..
S "'16 . B Ly 4.2 i .
M

osftive depth ranget

level in the: dunes.;

. **3_.4 inches of surface removed by wind erosion.

'from the upper 4-5 inches of soil.

th Tanges referwto’ ncrement af»'

Samples were taken

ATy

ee



Table 6.
Transition; and. Mesquite Stations.“~
_——_:'_-.-—-—.._:z

Trmnsition ==

pH :values of 1:5 water: suspensions of soils from Grassland

‘, ~ | _Grassland ~—Ties uI‘e
N © 77 |Noo . [Small | Nearbyf. ] " | Nearvy] .-
" Depth in mes="* mes=' | grass- Blow-"J“”““‘;grass7 Blow-"""“ B
Series| inches* |quite | quite land out ._{Dune | land  |out | Dune
¢ J+25. %o.+32 | . - |- .- T IR e 7,85
R REUAT ey R ‘ I ERE I B A
A . +9 to +16 : 7.75
i .0 to .+8 : § 8.30 .8.00
~ Oto -8 | 7.65 | 7.85|; 8.35 | 8.05|' 7.85 ‘ ‘8 05
=9 to -16 | -~ -~} -~ -1 8,55 |' 8.20 . 1. 8.50 | 8.00
+17 to +24 g e ~ R 8.70
| +9 to +#16° - v o 8.25
‘B 0 to .48 : j 8.10 : '8.25
, . O to -8 | 8.65| 7.95]| 8.60 8. eo** 8. 10 8.80 -8.25
=9 to -16:| - = SUREEN ERRNUREIE & 8.65
~17 to -24 ' 8.55 | 8.55
D .| 8.35
1 8.60
8.15
8 15

P
level 1n the dunes.i A :
. , *¥3-4 inches of surface removed by wind erosion.
from the upper 4-5 inches of soil L ;

A.\. N

Samples were taken

141



Calc1um content of soils from Grassland, Trans1tion, and

1%

Table 7.
Mesquite’ Stations, l S water extract in parts per million on dry-soil
basis'“"
’ Grassland :
|No- --|Small-.|Nearby [---- ;,Nearby-z-a
: | Depth in :Imes- :|mes-" ||grass-|Blow- |grass-|Blow-
Series | inches* |quite |quite |land out Dune 'land Jout’ Dune
N 4.25 tQ -,-32 S T S 1 R ,"-7-5.8.
#17 to +24 : b 83.8
A +9 to +16 . 3 ~: 1 136.2
0 to +8; . : , 1128.7 - i 158.9
0 to -8 37.9: 30.3 . 60.6 : 166.5 | 53.0 : 113.5
-9 to -16 | ~ f - i 60.6 30,3 { - | 68.2 | 53.0 ] =~
T+17 to +24 | - | . - - | - - | . |I05.9
+9 to +16 ; ' . | 204.5
"0 to «+8: | } ; 106.0 | 174.2
B 0 to -8 60.6 | 30.3 /| 90.9 83.2*1 75.8 |106. 0 | 204.5
-9 to -6} -~ o -~ 4 | 83.3 |- = :
-17 to -24 : . 83.3 | 90.9
—[+17 to +&4 . , , ~ |- 98.5.
1 +9. to +16 ! E '98.5
C "0 to  +8 . - o i 60.6 ‘ ; 159.0
- 0 to -8, 75.81 68.2 45 4 30 3**121 2 | 53. 0 143'9
{ -9 to 16 f - | ; I 83.3 [106.0
: ¥Positive. depth ranges refer to increment above original surface level

4in the dunes.
o **3~4 inches of surface removed by wind er031on.

Samples were taken
from the upper 4-5 inches of soil RS



Table 8. Magnesium content of soils from Grassland, Transition, and
Mesquite Statlons' 1:5 water extract; in parts per mlllion on oven-dry

basis.. . 3 : S :
Erasslana T ansitlon Mes uite-uq.-.,~
No Small Nearby ; ,Nearby: ]
, Depth in' |mes- [|'mes- |grass- Blow~ o grass-|Blow~
Series | inches* |quite | quite |land . . out _|Dune. |land ..|lout . .|
¥25 to +32 | r ; _ ‘
+17 to +24 | .
A " +9 to +186 | \ ; ' - o 7
' - 0 to +8 | N b L0
0 to -8 3.8 | .0 0 [ | 3.8 3
-9 to =18 |i L 3.8 (7.6 1 ...
+17 to +24 | : v : _ 3
+9 to +16 [ f ' : ]
B 0 to: +8 [ f ‘ Do N0 v : -3
0 too -8 | .0. oI N o BN PR o J I 3
-9 to -16: | : : .
-17 to -24 | ' ‘ f 7.
+17 to +24 | S ~ v . 3.8
+9 to. +16. | . b - 3.8"
3.8
3.8

3

OO ® OO oo

C: 0 to +8 | : j 3.8
O to. -8 | 3.8 | .0° 00 | Jo** 15,1 3.8 |
-9 to.-16 | ' 1 | T R
positive depth ranges refer to, increment above orlglnal surface.
level in. the. dunes..
*¥3-4 inches. of surface removed. by wind erosion. Samples: were taken:
from the upper 4-5 inches of soil.

9g



o Table 9. ,
Mesquite Stations, 1:5 water extract; in parts per mlllwon on oven—drv

' Potassium ‘content of soils- from Grassland Transition, and

level in the dunes,

**3 4 inches Of surface removed by wind erosion,
from the upper 4-5 inches of soil.

Positive depth ‘ranges refer to increment above original surface

basis. - y -
' Grassland Tran51tfon Mes uite
No Smail Nearby i Nearby
o Depth in mes- |mes- grass- [Blow- | grass-|Blow-
Series | inches* {quite.{quite .|land }lout.... |Dune land {out Dune
+25 to *32 11.1
¥17 to +24 19.2
+9 to +16 50.1
A 0to +8 | .. o | 75,7 60.5
0O to =8| ‘3.5 9.6 | 3.0 | 65:6 2.0 | s2.0
coeio | =@ b0 =16 {0 80 4.0 -7.6
+17 to +24 27.7
+9 to ¥16 | 43,9
B 0 to +8 | -} ies3] 12,1
O to -8 | 8:6| 5.5 ]| 16.6 | “7,1*%%-64:1 | - 8.1 26,2
-9 to -16 6.6
=17 to..-2& |...... 4 ... | .. .. - 4.0 2.0
+17 to +24 19.7
: +9 to +16 - 27.7
c 0Oto +8 | | 6721 57.5
0 to -8 | 11,1 | ‘8.1 | ‘4.0 e**155 9| 15.1 27.7
-9 to =16 |.

Semples were taken

1



Table 10. Sodium content.of soils from Grassland, Transition, -and :
‘Mesquite Stations, 1:5 water extract in parts per milllon on oven-dry
basgis.

""" ' i ansition Mesquite -
No " {Small [Nearby| |Nearby
) Depth in |mes- |mes- |grass-|Blow-. grass- |Blow-~
Series inches* quite |quite |land |out Dune |land |out Dune
ﬁl?;to;*24 j ‘ 37.4
A +9 to +16 i 32.9:
i 0 to +8 : - 9.9 66.7
0 to -8 | 15.1. ] 22.0 32,6 | 3.7 .| 43.8 20.7
-9 to0 -16 ' 2l.8 | 20.4 32.3 11.1
ERTRYRTYS i 3 TR
+9: to +16 - : 37.8
B 0 to +8 9.5 . o 52.1
’ 0 to. -8: |} 20.2 35.9 25,1 | 32.0%%¥22.7. ' | 32.7 7.7
-9.to. =16 | - ' ' 30.8 .
-17 to: -24 : 32.6 18.6 L
+17 to +24 ‘ ' 34,6
+9 to +16: , 9.5
C 0 to: +8° ‘ 37.4 - , .0
O-to. -8. ] 42:1 | 44.3 | 27.2 21 6**36.8 37.8 23.8
-9:t0. -16" ‘ : 29.2 | .%31.9 L

*Positive depth ranges refer to ingiément above original surface
level in the dunes.: L . o .

**3_4 inches of surface removed by wind erosion. Samples were taken
from the:upper 4-5 inches  of soil.-



~ Table 11. Chloridprcontentuof soils from Grassland, Transition,;:and
Mesquite Stations; 1:5 water:.extract; .in:.parts per millionion oven-dry-.. '
basis.

6%

rasslan ansition Mesquite
No .| Small |Nearby | Nearby
‘Depth in |[mes- mes-~ grass~ |Blow- grass-{Blow-
Series | inches* quite { quite jland |out Dune | land out . Dune

- 25 to +52 , , - .25,8
+17 to +24 : - :50.4
A +9 to +16 _ ' | .. 90,8
0 to +8 | ~.30.3 ‘ . 166.5
O to -8 |:-20.2 1§ '10.1 {"-15.1 65,6 | -'15.1 [ 80,7

-9 to ~16 10,1 }{.10,1 2156.1 | 15.1 |
+17 to +24 i . 20,8
+«9 to +16 . ;"‘90 8
B 0 to +8 +19.1 ' : 75 7
0O to -8 }:15.11}:.15.1 |.10.1 |.15.1** 10.1 | -10.1 |, . 75,7

-9 to -16 .15,1 | i

-17 to -24 -25.2 | '10.1 |:
T17 to T24 T T T 1 1~ | .7
+9 to +16 ; ' : .. 40.4
C 0 to +8 25.2 : .. 80,7
' O to -8 |15.1}1:°6.0 {:25.2 |:20, 2** 85 8! 5.0} .105.9

{1 20.2 {10.1|:

S Dth Tanges refer to increment above origimal suriace.
level in ‘the dunes, ' ‘
**3-4 inches of surface removed by wind erosion. Samples were taken

from the upper 4-5 inches of soil.



Table 12, Bicarbonate:content:of:soils: from Grassland, Transition,
and: Mesquite Stations, 1:5: water extract; in parts per: million on oven-dry
basis, ‘

Tasslan ansition ___Mesquite
No | Small | Nearby]. Nearby
Depth 1n mes~ |mes- grass-{Blow- grass- |Blow- :
Series| inches* quite | quite | land |out Dune | land Jout Dune
' *EE EO +3§ ) : 18406
+17 to +24 o Co : ‘160,.4
+9 to «186 N 246.2
A 0 to +8 | 339,0 264. 3"
- 0 to -8 |141.3 }141.3 | 240.1 | 319.8 | 246.2 216.9
+17 to +24 ' , _ 375.3
+9 to +16 i , 196.8
B 0 to +8 ‘ 400.6 184.6
0-to -8 |222.0 |166.5 | 345.1 |313.8%F351.1 | 400.6 - 1222,0
-9 to -16 : 307.7
-17 to -24 - ‘ 332.0 PB07.7 | -
+17 to +24 . ; 1399.6
+9 to +16 : . ; 289.6
C 0O to +8 | 1 313.8 ? 240,1
0 545.1 '[319.8 |166.5 111,0%%277.5 216.0
-9

Positive depth ranges refer to increment above origina
level in the dunes.
**3.4 inches of surface removed by wind erosion. Samples were taken
from the upper 4-5 inches of soil,



Nitrate: content of soils. from Grassland, Transition, and

Table 13.
Mesquite Stations; 1:5 water extract; in parts per million on oven~dry
basis.
' Gragsland Transition Mesquite
No ‘| Small! Nearby i Nearby
- Depth 1n mes- '|mes- ;| grass-.|Blow- /| grass-|{Blow-
Series| inches* guite |gquite:| land :out !Dune | land jout Dune
+25 to +32 ; ; ' 1 ‘ 1 82.4
+17 to +24 ' ' ‘ .1 135:5
+9 to +16 r : 5 - | 227.2
A 0 to +8 ' ? : |143.7 1206.3
0 to -8 2.4 5.3 8.0 1205.8 7.1 . '1146.5
-9 to -16 ; ' 8.1 | 1.8. il 13.6 f 2.4
+17 to +24 ; ' ; 1 2l.6
+9 to +16 i 3 ' : ; i1 461.6
B 0 to +8 i ? : | 54.8 ’ .1 395.0
0 to -8 1.8] 2.1 4.8 6.9*%F 17.0 2.6 | 353.2
-9 to ~16 : f v : { 10.1 | o
-17 to -24 : ! ' 7.7 2.5
+17 to +24 z : : 13.3
+9 to +16 ! : ; | 1 26.3
Cc 0 to +8 . 5 Z 1 45.8 1 ' 1111.0
0 to -8 4.8 6.9/| 5.0 11.3*F358.5 4.1 -] 166.9
-9 to , 1 | ; , : :

T

~ 1evel in the dunes.
' **3-4 inches of surface removed by W1nd erosion.
from the upper 4-5 inches of soil.

Semples were taken



. Table 14, Phosphate content of soils from Grassland, Transition) and ff;j*'
... Mesquite Stations; 1:5 water .extract; in parts per million on- oven-dry .- [

. _basis,
R : rassland . . _Trapnsition . .. | . . Mes uite
- |No | Small| Nearbyf .. ., : eNearby
L Depth in |mes- | mes-" | grass~|Blow=- | ‘grass- Blow-
" Series inches* |quite| quite| land. |out _ | Dune | land |out
L +17 to'w24'| - v, RSN PR R
+9 to #16' | = | -7
0 to +8.1/, | i
- 0.to -8| .87 /8 | . | |
; -9 to ~-16 |. -, o 6. 9 , L .6 -
sy “17. to‘1+24; et RTINS R v " i
:' » 4'9 tO "'16",; L S i '\ .‘.;a " : ‘} \

wgl

X g .
o Its L
oo

.

©

.
NN R
3

-

FVead 0 to 8 ‘.‘ 1.651 3 n'.8,"> ‘_"ica_‘.. ) J—o 3** : - s ] ) .
=9 to =16 | . | o VNTENTECON INECETRTEN INEEUE I RUER £ I
-17 to -24 .. ' . .. S oo b b g6 D
+17 t0-+241; o R (T g ‘ i . ; o N oo
« .C 0 to +8 2.3
... .0 to -8} ..9.. 8 | .9, 1.4** 3.6 | W7
1;'#‘ ,-g,to =161 . ; S ' eae T .5
: “*positive depmh ranges refer to increment above original surface
level inthe dunes,': '
i " *%3.4 inches of: surface removed by wind eroelon. Samples were taken
from the upper 4-5 inchcs of soil o . : . )

R
e e @ @ .
Hypol ®owm

NPTF
oo

e =
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Table 15.

Mesquite Stations; 1:5 water extract; in parts per million on oven-dry basis, v -

Summary ‘of: chemical analysis of soils from-Grassland, Transition, and

Total Total by
* by an- conduc-

Location Depth* Ca Mg K Na ClL HCOz NOz PO4 alysis tivity
A Series - : . -

Grassland _ ‘

No mesquite- 0 to -8 “37.9 3.8 3.5 15.1 20.2 141.3 2.4 .8 225.0 378
Small mesquite: ‘0 to '-8 30,3 .0 9,6 22.0 10.1 141.3 843 .8 219.4 222

Transition: - ShT e s s N
‘Nearby" grassland .0 to --8 60,6 .0 3.0 32.6 15.1 240.1 8,0 .6 360.0 161
Nearby grassland *-9 to -16 :60.6 3.8 - .0 21.6 10,1 234.1 8.1 .6 339.1 222
Blowout -9 to -16 -30.3 7.6 2,0 20.4 10.1 166.5 --1.8 .9 -.239.6 172
Dune 0 to +8 128.7 .0 75.7 9.9 30.3 339.0 143.7 1.8 729.1 555
Dune 0 to -8 166.5 3.8 65.6 3.7 65.6 319.8 205.8 1,4 832.2 767

Mesquite-

" Nearby grassland 0 to -8 53.0 .0 2,0 43.8 15.1 246.2 7.1 .7 367.9 283
Nearby grassland -9 to -16 68.2 -,0 4,0 32,3 15.1 258,0 13.6 .6 391.8 247
Blowout : -9 to -16 53,0 .0 7.6 11.1 15.1 172,5 2.4 .6 262.3 242
: ‘Dune’ "~ +25 to +32 75.8 .0 11.1 23.6 25.2 184.6 82,4 .6 403.3 590
Dune.~ ": ...-. . 417 to +24 83.8 .0 19.2 37.4 ©50.4 160.4 135.5 .9 487.6 863
Dune. i +9 to #16 136.2 7.6 50.1 32.9 90.8 246.2 227,2 1.3 792.3 3451
Dune 0 to +8 158.9 -.0 60.5 66.7 166.5 264.3 206.3 1.0 924.2 898
Dune 0 to -8 113.5:3.8 52.0 20.7 80.7 216,9 146.5 .8 -734.9 '666
B Series ‘ . _

Grassland - C e DU Lo a0 T o el s TATLE
No.mesquite. .- ! -0 to -8 60.6 .0 8.6 20.2 15.1 222.0 1.8 .6 328.9 237
Small mesquite "0 to <8 . 30 5 .0 5.5 35.9 15.1 l166.5 2.1 .8 256.2 545

Transition S N S ENEN T ey
Nearby grassland -0 to -8 90 9 ~.0 16.6 25.1 10 1 345.1 4.8 .8 493.4 267
Blowout 0 to -8 -83.2 ".0 -7.1 32,0 15.1 313.8 ..6.9 1.3 459.4 232

... Dune .0 to +8 106.0 .0 88.3 :.9,5 ~15.1 400.6 54,8 4.0 678.3 494
“Dune . 0 to. -8 75.8 .,0.64,1°22.7 10,1.351,1 '17,0:2.,6 543,2 414

“¥positive depth ranges refer

to increment above original surface level

in the dunes.
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Table 15. (continuéd) Summary of chemical analysis of soils from Grassland, Transi-

ionI and Mesguite Stations; 1:5 water extract2 in parts per million on oven-d ract; in parts per million on oven-dry basis. basis
- "Total Total by

by an~ conduc-

Location v . -Depth* " Ca Mg K 'Na: Cl HCOz NOgy PO4 alysis tivity
B Series, continued . o N LT
Mesquite . T Lo e
Nearby grassland"-o to -8 106.0. .0. 8.1.32,7 10.1 400.6 -2.6 .8 -.560.,9 318
. Nearby grassland -9 to -16 83.3 ...0 - 6.6.30.8 15.1 307.7.:10,1 '..7. 454.3 277
Nearby grassland -17.-to -24 83,3 7.6 4.0 32.6 25,2 332.,0 - 7.7 .6 493.0 348
Blowout . =17 to -2490.,9 .0 2.0 18.6, 10.1 307.7 ' 2.5 .5 432.3 303
Dune - St j.+17ft0f+24“105;9 3.8.27.5.18,1:.:.20,2 375.3 21.6...9 573.5 409
Dune o v +9 to +16 204,5 3.8 43.9 37.8: 90.8 196.8 461.6 1.2 1040.4 984
Dune ¢+ - 10 to +8 174.2 3.8 12,1 52.1  75.7 184.6 395.0 1.2 '898.7 918
Dune - 0 to -8B 204.5 3.8 26.2 .7.7,775:7 122.0 353.2 1.1 892.5 969
C Series o C o o : D
Grassland AL oy e s o . SR
No mesquite . 0 to. -8 .75.8.3.8 11.1.42.1 15.1 345.1 4.8 -'.9 508.7 262
Small mesquite 0 to -8 68.2 .0 8.1 44,3: 5,0 319.8 6.9 .8 j453 1l 600
Transition B SEn : { : : : - L
Nearby grassland ‘0, to -8 45.4' .0 4.0 27.2 25.2 166.5 5.0 .9  276.1 111
Blowout -0 to -8 30.3: .0.6.6 21.6. 20.2 111,0 11.3 1.4 202.4 131
Dune .0 to +8 60.6 3.8 67.1 37.4 25.2 313.8 45.8 2.3 556.0 383
Dune B OAjo__r8N121.215 1155.9 36.8: 85.8 277.5 358.5.3.6. 1054 4 1070
Mesquite s i, , P ? ' ‘ Lasd
Nearby grasslandi -0 to -8 53.0 3.8 15,1 37.8: 5.0 289.6 4.1 .7 409.1 383
Nearby grassland -9 to -16 83.3 3.8 15.6 29,2 20,2 307.7 30.7 .7 491.2 313
Blowout © .. =9 .to -16 106,0 - ;0 ..7,6 31,9 10,1 394.5- 6.2 .5 556.7 232
Dune. . - ' +17 to +24 98,5 3.8 19,7 34.6 15,1 399.6 " 13,3 1.2 585,8 671
‘Dune . 0 +9 to+16 98.5 3.,8.27.7 9.5 40.4.289.6 26,3 .9  496.7 399
Dune. .~ . ,-,,,,_.o,to‘ +8 159.0 3.8 57.5 .0 80.7 240.1 111.0 1.6 653.7 827
_____Dune - -0 .to -8 143.9 3.8 27.7 23.8 105.9 216.0-166.9 - .7 688.7 681

= ¥positive. depth ranges anges Tefer to lncrement above OTiginal surface level in the dunes.



Table(l6 Nitrification capacity of s01l from Grassland Transition
and Mesguite Stations as'indicated by nitrification of ammonia applied as - =
ammonia sulfate: in 23- day period of incubation; 1:5 water extract in parts,

er million on oven-dry basis. :
‘ - .|_Grassland. Transition . ’ Mescuite
‘[No : |'Small. |[Nearby .. o | Nearby |’
Depth in ‘|mes-" | mes~ .- lgrass-|Blow- |- . = | grass- Blow— o
Series| inches* quite ['qguite’|land out Dune |land - jout ' |Dune .
~[+25. to +52 3 o e o e o 190,00 -
+17 ‘to: +24 .ﬁ O [ R R : - 1187.4
+9:.to +16| =~ . | . . ...} . |ele.s,
0 to - -8(-65.7 | 70/4 | 10.2 '228.1:| 53.4 | . |.70.4
-9 to ~16|" N 60.0 | 68.8 | .l 16.7 | 93.5 | . -
+17 to +24 B ‘ ol o 8860
+9 to +16|. .. S S o i . 1809.7 -
B 0.to .+8f | . 510.2 | i ¢ |316.3 0
0'to: -8/ 35.5| 98.8 | 86.0 7.7%%406.8 |108.4 |- - [312.7 -
-9 to.=16| - ' i , ow. | 98,0 ‘ EETR I
-17 to ~24f .- . S ' S| 50.3 11.6 T
+17: to +24|. . i e o : -1 471,00
+9 ‘to +16|: 'j} CoL ” R . 1178.5 =
C 0 'to +8 | B47.7: | 0 24202
» 0'to..=8 620 s 76.3 | 95.9 | 51. e**'v75‘ 41-69.1 954 0
-9 to ~-16 - 4.6 | 36. 7:& A
“¥Positive depth ranges refer to in crement above original surface T_‘

level in the dunes. _
**3-4 ‘inches of surface removed by wind eroslon., Samples were taken o
from the upper 4-5 inches of soil. = v S

5
.
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Table 17. Average weight of tops and roots and top/
root ratio of Rothrock grama plants grown in surface 3011
from Grassland,&s Mes Stetio S :

mesquite
N ) R
CoWds .18 18¢;;'f7f&f:'J;’m
120000 .18 ) _.3.3”.‘ :
13 19 e W13 .
. .- .- - . Roots = .-
3L .22 . ',.24-.
.20 - ,:';21 N T T I
: 25,: .24 A5
s Tog/roo: ratio D
.80 7L .eo;;a,;"
87 'r..79' - 87

e s —
e - K T

graeslandif

N
o

Tabla 18. Axarage weight of six-weeks grama plants
grown in surface soil. from Grassland and Mesquite Stations
and in Mesquite-blowout soils amﬁnded with nitrogen, phos-

" |No |small |Nearby| - |out - |out - |out -

- .+ . | mes- |mes-_ |grass-|Blow- |nitro-|phos- potas- :
-Series quite quite’fland out |gen | phorus 31um Dune
0.45 N : Y ’ 7 - FERE

or soil.-

iea-




Figure 6. Roth-
rock grama plants
grown in surface
soil of Series A.

1_Grassland-no mes-
quite

2 Grassland-small
mesquite

5 Mesquite-nearby
grassland

4 Mesquite-blowout

5 Mesquite-dune






ock grama plants
rown in surface
soil of Series B

1 Grassland-no mes-
quite

2 Grassland-small
mesquite

B Mesquite-nearby
grassland

4 Mesquite-blowout

5 Mesquite-dune






Figure 8. Roth-
rock grama plants
grown in surface
soil of Series C

1 Grassland-no mes-
quite

2 Grassland-small
mesquite

2 Mesquite-nearby
grassland

4 Mesquite-blowout

5 Mesquite-dune
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Figure 10. Six-weeks
grama plants grown in sur-
face soil of Series B

1 Grassland-no mesquite

2 Grassland-small mesquite

3 Mesquite-nearby grassland

4 Mesquite-blowout

AN Mesquite-blowout plus
nitrogen

4P Mesquite-blowout plus
phosphorus

4K Mesquite-blowout plus
potassium

5 Mesquite-dune



Figure 11. Six-weeks
grama plants grown in sur-
face soil of Series C

Grassland-no mesquite
Grassland-small mesquite
Mesquite-nearby grassland
Mesquite-blowout
N Mesquite-blowout plus
nitrogen
4P Mesquite-blowout plus
phosphorus
4K Mesquite-blowout plus
potassium
5 Mesquite-dune

A BNWNPR
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" DISCUSSION
- Physical Analysis - ~~ - - -

Fhysical analysis of the soils has not disclosed any
:Significant differénceé'with'reSpect”tdiwatér‘Supplying
capacity between grassland and blowout 9611;"The‘siighf
increase in field capaciﬁy of the soils of the blowouts
and dﬁnes over the grassland soils may be explained by
reference to Veatbh'é prorile description (see page 8).
The uppermost layer of the Jornada Red Loamy Sand of the
grassland consists of loose incoherent sand, 2 to 6 or 8
inches in depth and beneath this lies a layer of compact '
loamy sand. The layer containing the finer-textured mater-
ial, giving rise to the loamy nature of the soil, .would be
expected to exhibit a higher field capacity than the coarser-
textured surface soil. 'The data for the A Series, Transi-'
‘tion-grassland substantiate this expectation. The blowoiit
Soils of the Windblown Phase, having lost much of this
coarser upper layer by wind erosion, exhibit the same high |
‘capacities as the sub-surface soils of the‘nearbj*g£a§sé‘"'
land because a certain amount of tﬁe coéisé'surféce°éand
‘has remained in the blowouts during the process of erosion.
The dunes owe their greater field capacity, by comparison
Withﬁtﬁquraésiaﬁd‘soilé,'ﬁé'the fact thdt"they”éfe“béﬁpos-
‘ed largely of the fine soil fraction which efoded from the
bidﬁbuts; Another factor which operates to raise ‘the field

capacity of the dune soils is the presénée of much plant



debris throughout the dune soils.
The increases in wilting coefficient from grassland
to blowout and dune soils probably arise in the Same way :
as the field capacity increases. Parallel trends are to
be expected since both constants are expressions of the
same phenomenon at different intensity levels. When both
field capacity and wilting coefficient values are taken in=.
to consideration,-the_grassland and blowout solls are seen
to be similar as regards the property of water supply to
plants. ,Thé solls of the dunes have a slightly greater
capacity for supplying water to plants than the soils of.
grassland énd blowouts owing to the greater range between.
field capacity and wilting coefficient of the dune soiis,
Chemical Analysis . o
Certain of the chemical analyses have revealed signifi-
cant differences between the stable Jornada Red Loamy Sand
and the Windblown Phase of this soil, with marked differ- .
ences between the dune and blowout soils of the Windblown
. Phase, Before proceeding with the discussion of the chemi-
cal analysis, it will be well to point out that the soil -
of the dunes contains much more plant, K debris than either
the interdunal or grassland soil, Organic matter was -not
determined quantitatively but the high organic matter con-
tent of the dune soil is indicated by the soluble organic

matter which colored the extracts of the dune soil. The
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greater microbiological activity exhibited by the dune
SQiI~alSOfréf1éctsia-greétér-bbntéht“bf-orgaﬁic matter. -

- “No cohsistént:differencesiin?pﬁ were found between the
sbils of the grassland and the mesquite community. - The - * -
soil of both communities: varies irregularly from mildly -
alkaline to alkaline, " " o7

Calcium content of ‘grassland and blowout soils was’
found to vary irregularly. - The generally greater amounts
of calcium found:in- the-dunes appear to be related to their _
higher nitrate content, the calcium being:brought into - -
solutioﬂ by’ the-nitric acid produced in the' nitrification -
process, - Russell”(15) points out this effect of niﬁrifi-

. cation on theisolubility of calcium. The much greater a- |
mount of. plant-debris.present in the dunes by.comparison
with that present- in’ the soils of. the grassland and. the::
blowouts,»resulting-inﬂgreater.production of .carbonic:acid,
may account for part.of the observed -differences.in calcium
content.. Magnesium-also exhibits:higher values in the dune
soil than in thé:grassland and blowout: soils.: : Here again
higher content:of nitrate and plant. litter appear to account
for the difference. -

Potassium'values’ show. irregular variation among the
soils of the grassland. and-.blowouts as-did the calcium-and-
magnesium values. At the Transition:Stations'in the A and
B Serles and the Mesquite:Stations. in' the. B and C .Series, -

the.grassland nextmthe;blowoutS‘shows higher potassium:- - :
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values than the blowouts; while at the Transition Station
in the'C Series and the Mesquite Station in the A Series, .
the blowouts have a higher'pofassium content than the adja-
cent grassland. In the dunes, however, considerably higher
potassium values were-uniformly found.- 4s’in the case of
calcium, the higher potassium concentration may be related
in' part to the greater magnitude of nitrate formation in ’
the dunes and in part to carbonic-acid produced by decay of
the plant residues in the dunes. "McGeorge (10) has shown . -
that - the solubility of potassium is considerably increased
in"carbon dioxide-saturated.water by comparison with carbon
dioxide-free water.

‘Another interesting condition is brought out by the -
potassium anslysis.’ The soil of the smaller and younger
dunes in the transition between grassland and mesquite in
éach series consistently exhibits higher potassium content
than does that of the larger and older dunes of the fully
developed mesquite community. This difference appears to-
be related to difference in inteénsity of rodent activities
between'-the younger and older dunes. Nearly every ane of -

the dunes developing in the grassland is heavily infested

with kangaroo rats, Digi%domys‘spectabilis,ug. merriami,
and D. ordii, while the older dunes are much less frequent-:
ly occupied. The good supply of food and nest materials

heér the younger dunes accounts for the higher frequency of

occupation of the dunes by the rodents. Long occupation of
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these growing dunes by rodents results in the enrichment of.
the soil by incorporation of quantities of nest materials,
food stores, and feces, Tnié organic matter not only en-
riches the soil because of the nutrients contained in it
but brings about increased solubility of plant nutrients
native to the.soil.‘,This interpretation of the high potas-
sium content of the Transition dunes is in close.ggregment
with the work of Green and Reynard (5) who found that the
soils. of kangaroo rat burrows on the Santa Rita Experimental
Range in southern Arizona contained much higher concentra-
tions of calcium, magnesium, bicarbonates, nitrates, and.
total soluble salts than the soil a few feet distant from
the burrows. . They attribute.the higher nitrate content of
the burrows to the nitrification of the organic nitrogen
added to. the soil of the burrows as nest material, food-.
stores, and feces, and the higher bicarbonate cbntent_to the
carbon dioxide produced by respiration ofwtpesrodegté, _
Calcium and magnesium increases came.about through solution
in the nitric and carbonic acids. Potassium was not deter-
mined in the study but conditions which were revealed were
such as would make for accumulation and. increased solubili-
ty of potassium as well'as_qf cg}cium}andvmagnegium.A

The burrowving and_soilfscattering_aqtivities of rodents
around the Tfansipion Station dunes may account for the .
highér potassium,concentratibn in the C Serieé,‘Transition—

blowout soil than in the soil of the adjacent grassland.
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It is of interest to,nOte”that.the:potassiumicogtenttof'the
'soil of the Grassland Stations from near’ the small mesquite-:
plants-isibut little310wef»ih,tw0‘cases*andphighér”innthee
third than :that of the.same’stations where: no.mesquite. grew.
.- Sodium,:chloride, and bicarbonate concentrations do -
not exhibit consistent differences between grasslarid and
blowout soils;«<Thevgeneréllyfslightlyﬁhigherxéoncentras‘
tidnéof»theséiionsrih?thelduhefsoilsicorrelate with the~
greaterfamountﬁoprlant-reéidues}and:nitrateé‘in the dune
soils. - j‘.;~,i7§14¢§ T L L UL S S

. The.nitrate analysis has revealed irregular nitrate.’
ponteht;ofjﬁhe.grassland and-blowoutisoils and uniformly - -
high' concentrations in the dunes.:These high concentra-
tions in'theiduné,soil arézweilirelatédutoétheraccumulation
of plant:-residues in the'dunes and in-the case.of the: Trans-
ition‘dunesuareuprobablyfinflﬁéncéd:by}theiéecumulétiohiof
organic matter of.animal origin.. ‘Since:the soil:of ‘the"
barren:blowouts:is sc low.im plant' residues: and:thus.pre-
sents conditions unfavorable for..nitrification, it seems-un-
likely that thé higher concentrations ' in certain:of:the"
blowouts has: its origin in bacterial. activity.: It appears: -
reasonable-to relate the:high nitrate content ‘of the B and
C:Series, Transition-blowouts to the much higher concen-
tration in the adgacent dunes and to the earth—scattering
activities of the rodents innabiting the dunes.m In the c
Series Mesquite-blowout soil the high nitrate content seems
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to be a residual effect of high nitrate content of the 9-16
'inch.layer,ofAsoil‘as is shown by :the nitrate content of the
corré3ponding layer in the adjacent grassland. - A definite
decreaée'in nitrate concentration in ‘the blowout soil with -
loss of the vegetation cover is indicated :despite the simi-
lar nitrate content of the blowout soil and the surface ' -
soil,of;the:g:assland.i The higher nitrate content of the
Grassland Station soil next the small mesquite plants by ..~
comparison with the soil of these stations where no mes--
quite is present is of :interest. ' The larger nitrate con-
centrations, and the fact that the mesquite iis a numberiof

Leguminosae suggest that symbiotic nitrogen-fixing bacteria

may~be'responsiblexfor the increase. However,. studies

being conducted by the Arizona Agricuitural Experiment Sta-
tion* have not revealed the presence of symbidtic‘nitrogen»;
fixers on the roots of mesquite:'plants.. -Additional soil
nitrogen in the vicinity of mesquite plants may have been -
derived from decay of mesquite leaf and fruit litter. -

- Results -of the nitrification study have shown an ir-.
regular variability from place to place in grassland and .
blowout soils, but with the blowout soilsfgenerally:exhibit—'
ing lower values.,  Nitrifying capacity hés.not been found -

to parallel nitrate content closely except 'in ‘the .dunes

‘*Tnformation éommunicaféd'verbally‘ﬁy;br; Ww. P; Martin,
Assistant Soil Microbiologist, Arizona Agricultural Experi-
ment_Station. v




where high nitrate caﬁfent"andfhigh nitrification ‘both ob-
tain.~ Russell (15) indicateés that general fertility condi-
tidns*orvsoil5areJrefléétéaabyiita nitrifying eapacity as-
well ‘as ‘conditions with régard “to'nitrate supply. Nitrifi<
cation ¢apacity used 'as an~indexof the general fertility
thus ‘would indicate ‘lower ‘productivity in the blowouts than
infthe”graéSIand‘ééils:i?Lawer'niﬁrificatioﬁlbajaeity7of*”W“
thé ‘blowout soil:in~the-B and C Series Transitiorn Stations
lends support:to-the view that-the ‘good condition of ‘these
blowouts ‘as regards ‘potassium, nitrate, end phosphorus con-
tent is ‘not inherent in ‘these :blowouts ‘but is- attiibutable-
to ‘the burrowing and earth-séattering a¢tivities ‘of rodents
about the*dunés;'whéré;thééafnﬁﬁriéntsabdeur7inihiéhﬁrIcon:
centrations., P tlercn oL wheesm LS, i oo DI LL Lo
:.l% PHosphates ‘were fourd to vdry moTe consistently between
grassland, blowout, and’dune soils’than any:of ‘the dther
fons, 'The -Mésquite Station blowout soil hes shown the:low-
eétéﬁhOSpﬁgte7conééntrdtions;*thé-grabslandfsdiIS‘inter-~v~
mediate concentrations, and:the dune soils:at the Mesquite -
Stations and the dune and blowout -soils at the Transition
Stations-the gredtest concentrations. ‘As-has been suggest-
ed with respect to potassium and nitrates, the ‘greater phos-
phorus “concentrations in?the;bldwbutsforithé:TranéitiOﬁji
Stations mey well bé a Fesult:of Telatively ‘high-phosphate
concentrations in theé'surface layer 6r‘thélnearbyfduﬁas. |

The*high?phOSphateiboneentraticn?orﬁthese.duﬁéé~may~be?
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*built up under - .the influence of intensive rodent activity
in the. dunes., The lower intensity of rodent occupation of
.the more mature dunes is reflected in lower phosphate con-
centrations than in the younger dunes. - The blowouts .of the.
Mesquite Station do not receive phosphates from the dunes .
and consequehtly exhibit loﬁer phosphate content than the
surface soils of the nearby ‘grassland. Their phqsphate con-
centrations are more nearly comparable to the phosphate _
:concentrations of the.sub-surface grassland soil nearby. .
The greater.phpsphate.concentr&tions-in the dunes may be . .
‘explained by the presence of plant residues and the non-cal-
-careous nature of the dune soil, which has been -shown by .
field tests with dilute. hydrochloric acid. --This view is in
accord: with .the work of Rhoades (14) who found that in non-
calcareous soils the additiom of .crop residues resulted in
increased. soluble phosphates; while in calcareous soils =
crop residues failed to bring about an increase in soluble-
phosphates..‘He'attributed,the~differenae; not to:increased
solubilityfof the native soil phosphorus in the non-calcar- .
eous soil, but rather to lower reversion of phosphate de-.
rived from the crop residues. in the non-calcareous soils -
as contrasted with high reversion in the calcareous soils.
McGeorge and Brazeale (9), however, found that saturating
water suspensions of soils;withvcarbon'dioxideuincreased

the solubility of native phosphates even -though calcium - -
solubility wasvincreased:at.the sama;time.f.This'latter-q-s
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work may be taken to indicate that higher phosphate ‘concen-
| trations in ‘the dune:soils may be due to solution of native
soil phosphates as well as to phosphates derived from the.
plant residues. No difference' in phosphate content of soils
at the Grassland Stations wﬁs noted. with respect to position
of sample to'meSquite~piants. .
.- Pot Tests : .

“*?>The~results'of'pbt*testaﬁcorrélate'clasely.with*the
analytical results in most cases. Yield and ‘development of
plants were ;poorest in the blowout soil,. intermediate in the |
grassland soil; and best in the dune soil.. Low yields and
development in the blowodt‘soil“are?in”generai.accord with
the work of Sinclair and Sampson (19) who found that develop-
ment ‘and production of plants were better in the ‘A horizon |
than -in the B horizon, and slightly better in the B horizon
than in ‘the C horizon. In the present study, -however, better
yields and déVelopment,wereVmade'in’the‘soiljofnthe B Series
blowout, which was more deeply eroded, than in the soil of
the A and C Series blowouts, which were not .so-deeply ‘eroded.
.~ 'The yields of ‘Rothrock grama in the Grassland Station
soil from near the small mesquite plants*haé“been found to

be greater than the yields from the Grassland Station:soil
‘away from the mesquite plants. These yield datd reflect the
rindings'ﬁith~regard to the concentrations of potassium, -
phosPhates,‘andfparticularly'nitrates;'since-nitrate concen- -

‘tratiqns were found to be.somewhat greater:in the s0il near.
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the small mesquite:plants. - Top/root ratios of the Rothrock
grama plants.also:reflectgthe analytical results. Miller
(12) in summarizing the. relationship of plant nutrients-to
t0p/root5ratio, states that. top/root ratios.are greater in
fertile soils than in infertile soils and that, .as a rule,
the effect of nitrogen is to increase top/root ratio, while
‘ph03phqrus decreases the ratio. - In this;study‘phé highest
ratios are attained in the dune .soil, while the-lowest - . -
?atips-occur in the blowout soil. .The grassland soils. ex-.
hibit intermediate ratios. Certain of the.wider irregular-
ities in top/root ratio appear to be explained by the re- -
sults of chemical analysis. The lowest ratio attained in
the;dune_soil is in the C Series where the lowest nitrate
content. and thevhighestvphosphate,content (in‘dune“soils)~
occur in combination, _Thg;comparatively low ratio attained
in the C Series Grassland Station soil-not 'near a mesquite
plant may be in part a result.of the slightly higher phos--
phate concentration of that soil. . . - - -

The.yields of the six-weeks grama plants manifest - ..
similar relationships,betwéen soils to those of the Roth-
rock grama plants.  The growth of the annuals;was;less uni-
form among the plants in a single pot and among the pots -
containing soiljfrom,the same stations in the different
series than was'the case with the perennials. Thé yields in
both dune and blowout soils were lower by comparison with the

© yields:in:.the grasslandisoils-thaninoted:for the perennials.
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Responses to the amendment-treatments as measured by
increased yield by comparison with the unamended blowout . ..
s0il were uniformly high for the phosphate amendment, uni-
formlyllow rcrfthpwpitrgte amendment, high in the one:case
of potassium amendment and none in the othér potassium
amendment, These responses.relate well to the emounts of .
phosphate, nitrate, and potassium found by analysis.- The |,
bloﬁout}soil of -the Mesquite Stations_exhipi;~unifgrm;y,low
phosphate values by comparison with the other soils.. Phos-
phate amendment increased the yields 62, 245, and 150 per-
cent in the 4, B, and.C Series,.respectively. ' Nitrate con-
centrations in thé-Mesqqite Station blowout soils, although
generally. lower then the concentrations in the grassland ..
soils, are equal or higher than grassland soils which have.
shown,comparatively<gpodvyields.xyincreaae\in;yie;g under
the nitrate amendments was 3.5, 5;9,“and¢22 percent, respect-
‘_tively,,in the A, B, - and.C Series blowout soil, . The potas-
sium amendment of the B Series blowout soil,. in.which potas-
sium‘concentration is,low,‘i@creased;the yield. 91.erecent.
In the C'Séries—b10wout soil, whe?e;potassium.oonpentrgf,vu
tions were found to compare favorably with the potassium -
concentrations in the other soils,;potassium\aﬁendmantwprpf.

duced no increased yield.
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CONCLUSIONS

The study has brought out the following points with re-
gard to the'soiliconditiOns attending the invasion of the
desert grassland community on the Jornada Red Loamy Sand by
mesquite: | |

1. During the period immediately after the :establish-
ment of mesquite plants»in‘theigrasaland before dunes begin
to form over the plants and barren -blowouts develop around
them, no deterioration in soichonditions'takesdplace.as‘a
résult of the invasion. |

2, Under intermediate conditions of the transition -
from grassland to the mesquite community, when dunes have
started to form ‘over the ‘mesquite plants and barren blowouts
have begun to develop aronnd‘them;fthe 80il of the“dunes is
more fertile than that of the surroundirng grassland, being
enriched by organic residues of plant and animal origin
added to the dune soil by rodents. The blowout soil in
this transitory stage is 1nherently less 1erti1e than the
grassland s01l as indicated by paucity of plant residues
and reduced microbiological activity, but it may be enrich-
ed by the earth—scattering activities of rodents occupying
the dunes S0 that 1t may be equal to or greater 1n fertility
than the 5011 of the grassland. No deterioration of the
soil with regard to water holding or supplying capacity at-

tends the formation of the blowout water retention and
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~ supplying power of the dune soil is greater than: that of -
the grassland. i

3. . with the.complete conversion of the grassland: to
the mesqdite community; when mesquite.fully“dominetes the
- 8ite and grasses are almost entireiy absent, the soil im -
the hlowout is less fertile than that of the surrounding: .
gressland, hating decreased in soluble potassium, nitrates,
and solubleaphosphates, The dune soil of the fully-devel-~
oped mesquite.community is more fertile than the soil' of-'.
the nearby grassland. The water retention and supplying
-capacities of-blowout and dune soil is'equal to or better -
than that of the grassland ,

-4, The deterioration-of the soil of the blowout in:
the fuily~deve10ped mesquite_community is such as to
severeiy‘iimit the growth of plants in this soil.

o ~ SUMMARY |

l;_ A study has been made of the soil conditions of
the Jornada Red Loamy Sand on .the Jornada Experimental ti
Range in Dona Ana County, NeW'Mexico as they are affected
by the degree of invasion by mesquite PrOSOpis g}andulosa.

2.( The study has consisted of physical chemical _

and microbiological analysis of the Jornada Red Loamy
Sand of the Windblown Phase of this soil on which mes-

quite Prosopis glandulosa has replaced the desert
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grasslaﬁd characteristic of the stable phase, and of soil
representing transition conditions between these two. In
addition, pot tests were made of the soil from the stable
Jornada Red Loamy Sand and from the Windblown Phase,

3. Physical analysis did not reveal any significant
change in soil conditions with regard to water holding and
water supplying capacity of the soil accompanying the in-
vasion by mesquite.

'~ 4. Chemical analysis revealed no reduction iﬁ ferti-
1ity of the soil around the mesquite plant in the early
stage of the invasion..

S.  The developing dunes characteristic of the inter-.
mediate stages in the invasion exhibit higher concentrations
of potassium, nitrate, and phosphate than the surrounding
grassland. ‘

6. The blowouts around these dunes may exhibit higher
concentratlon of potassium nitrate, and phosphorus than
the surrounding grassland. These higher concentrations,
when they occur, are believed to be a result of the scatter-
ing of the fertile soil from the transition stage dunes by
the relatively heavy rodent population. _

'7. The dunes of the fully developed mesquite commu-
nity, in which the grasses of the desert grassland are al-
most entirely lacking, are higher in potassium, nitrate,
and phosphate, while the blowouts surrounding thsse dunes

are lower in these nutrients than the adjacent grassland.
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8. Nitrification capacity was found to be generally
lower in the blowout soil than in the grassland soil and
much lower in the blowout soil than in the dune soil.

9. Pot"t’ests'of»the soils of the grassland and the
fully developed mesquite community showed lowest yields in
the blowout soil intermediate yields in the- grassland '
soil, and highest yields in the dune soil _

10. Phosphate amendment of the blowout soil gave

greatest reSponse:in‘yield; potassium amendment gave re-

'Sponse in soil which was lower: inepotassium thanfthe grass-

land °oiL and no response in- soil as high in potassium as .
the grassland soil ~ No reSponse was made to nitrate amend-

ment.

The author desires here to acknowledge the assistance
given him 1in the course of this study by the members of the
Botany and Agricultural Chemistry and Soils Departments_

- of the University.,
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