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; avog\zVvbdjci d[ X]zb~XValdg™ 1Vh WZZcydeZ id YZiZzgb~cz
i]Z cjighitdcVa kVajZ d[ Qndb”c\  [dgV\Z eaVcei) Wiji bjX] d[ i
IVh WZZcXdcXZgezWni] ]2 XdckZcitdcVaVeVanhzh7 N1Z  YZizg*
brcVitde d[ bdthijgz) Vh]) Zilzg ZmigVXi)XgjYZ ["WzZgXgjYZ egd*
iZ"c) VcY chigd\Zc*[gZZ ZmigVXi+PZgn atiaQVh WZZcejWa™*h]ZYdc
iz bcZgVahilVi VgzZV cZXZhhVgreVgi d[ ZkZgn [ZZY+ Cc !Qnd*
brc\ @dgV\Z JaVcih VcY NJZ*g =]Zb"XVa =dbedh®i*dc7  MijY~Zh
Hd+3!  %=jcYn& %1&)]Z X]zZzb~XVaVcVanhZi[ i]Z Vh] d[ hzZY\z)
i*bdiln)  VcY gZYide VgZ\*kzZc8 ~c IMijyAzh Hd+ 4! %LdWZgih&65&)
iz X]zb"XVaVcVanhzW[ i]Z Vh] d[ i]1Z Z ilgZZ eaVcih VgZ\"kZc
VAVAC8 VeY “c IMijYAZh HI+6!  %GX=gZVgn&%3&)ilZ eZgXZciV\Z
d[ XVaxX?jbVhi]Zz dm"YZ%=VI& VcY d[ e]dheldgih Vhi]Z dm”YZ
%J-e ¢ hVbeazhd[ eVhijgZ VgzZ\"kZc+

; CjbWzZg d[ ejWaXVirdclVkZ YzValhi] i]Z ed”hdcdjh X]Zb*
XV&dbedjcYh VcY ZazbZcih[djicY “c eaVcihhjX] VhchigViz) XnV*
cNYZ) Z.ZcNb) bdanWYZcjb) iZaajghjb) ZiX+ MZkZgVarZiZgb"cV*
irdch d[ 112 WZczZ["X"\ZazbZcih) “cXajY~c\ e]dhe]dgjh) [vkZ WZzZc
bVYZ ~c XdcczXirdan]  iJth IdgT)  VeY VeVanzhd[ i]1Z2 Vh] d[ hdbZ
ed”hdcdjh eaVcih ]JVkZ WzZZcejWa™h]zY~c dbzZ d[ i1zhz WjaaZi*ch7
Cc .6./ BZna) Fdn) EcM]i) VcY Jg"Zc %2&ejWa™h]ZYilZ VcVanh™h
d[ i1Z Vvh] d[ YzVi] XVbVvh8~c .60/ <ZVi]) >gV"~0Z)VcY ?eehdc
YCRAVKZ i]1Z ~cdg\VerXXdcehinijzeih d[ itbWZgbna™ kziX] VY ild*
\gddkzY b"a’ kziX]8 ~c .600 i]Z hVbZ Vjildgh %/& ejwa*h]ZYi]Zz
Vcvanh™d[ 112 Vh] d[ Vggdl \gvhh8VcY ~c .601 <ZVi]) >gV*oZVcY
AraWZgive0&ejWarh]ZYilZz “cdg\Ve X XdehinijZzeih d[ i"bWZzg bra
kZiX]+

LZXZcian V aVg\Z cjpWZg d[ YZiZgb~cVirdch d[ XVaX?jb VcY
eldheldgjh 1ZgZ bVYZ jedc eVhijgZ eaVcih)]Vnh) VcY dilZg [ZZYh
jhzY [dg a"kzhidX+ GdgZ Idg" IVh YdcZjedc i]Z Zzhi*bVirde d[
ijzhz ZazbZcihilVc jedc dilZzg b*cZgVahWzZXVijh4]zn [dgb VWi
ij9ZZ*[djgilh  d[ i]Zz b"czgVah”c i]Zz WdY~ZW[ a"kZiVX +
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N]Z b~czZgVabViizg d[ WdczXdch™hihd] VWdji SMeZg XZci d[
ig"XVaXhjbeldhe]Viz) 35 eZg XZci d[ XVaX"jb XVgwWdcViZy hbVaa
Vbdjci d[ bViczhnb  eldhe]ViZ) VcY VigVXZd[ XVaXhjb[ajdghYZ+
N]Z ig"XVaX~jbe]ldhelViZ bVn W2Xdch"YZgZVYhV XdbW”cVirdd( i]Z
dm”YZHd[ XVaXhjb VeY e]dheldgjh7 0 =VI(J/-2:=V,%JID/s
>jZ id iJ*h gzZaVirdch]*eWzilzZc XVaX?jbVcY e]dheldgjh “c i]z"g
XdbW"cVirdch)]Zz ezgXZciV\zhd[ i]zhz ZazbZcih~c eaVcih VgZ[gZ*
fiZcian ZmegzZhhz¥hilZz ezgXZciV\Zhd[ i]Z*g dm*YZh7=VI VcY
6/%2u

;cVanhzh d[ eaVcih [gdb bVcen hzXirdchd] Qndb”c\  JVkZ
hldic iJVi XVaX?jb~hegzhZzci”c hj[[*X"Zci fjVcitirZzh "~c egVXi*XVaan
Vaadgirdchd[ i]Z hiViZ8Wiji ~c hdbZ eaVXZRZgZ ~hV YZ["X"ZcXd]
eldhe]dgjh ~c i]Zz hd"a)*c i]Zz eaVcih \gdl*c\ dc i]Vi hd*a)vcY
1Z2cXZ V YZ[M"X"ZeXfdg i]Z a“kzhidX ZVirel ildhZ eaVcih+ NJ*h YZ*
[*X~ZcXd[ e]ldheldgih ~ci]Zz a”kzhidX Xdchinijizh V YZ[MX"NZeXw h*
ZVhZ+N]Z hnbeidbh VgzZV YZegVkzZYVeeZiNiZ) hiM[czhh d[ _d”cih
VeY Ve jeilghin - XdcY?irdc\ZeZgVaan+;cbVah) ZhezZX"VaatViiaZ)
hldl ]2 YZegVkZYVeeZiNiZ Wn X]ZI*c\  Wdczh)daY h]dzh) IddY)
ZiX+ 3;i]Z [ZZY XdciV~chbdanWYZcjb VcY hzazchb) ~c VeegZ*
XAVWdE/cinirzh 112 hvbZ hnbeidbh  1"aa YZkZadezkZc M hj[[*X"Zci
e]dhe]dgjh “*hi]ZzgZ %0&+

MACXZMi IVh WZZc[djcY i]Vi i]1ZgZ VgZ VgzZVh”c i]Z hiViZ
llzgz a~kzhidX hj[[Zg Yjz id V e]ldheldgjh YZ[*"X"ZcXrc [dgV\Z
eaVcih) ]Vn) VcY dijZzg [ZZYh) hezX"V&be]Vh*h ~h eaVXZYjedc
i*h ZazbZci”c i[*h WijaaZi"c+

JL?M?HN;NCIH 1@ >;N;

Gdggthdc %48& c !@ZzZYhcY @ZZY"c\)! [Vh Y KNYZYZZYh cid
\gZZc gdj\]V\zh) Ygn gdj\]V\zh) h"aV\Zzh)cY XdcXZcigVizh+N]*h
XaVhh ["XVirtlecdi hjNzY id Qndb”c\  eVhijgZ eaVcih Vhi]Zzn bVn
W2gZZc dg Ygn gdj\]V\Zh YZeZcY~c\dc i]Z i*bz d[ i]Z nzZVgVcY
i]Z egzX"enriVirde+ @daadlc\ Gdgg”hdc$hX VhA[*XVitdcvh XadhZan
Vh XdckZc~Zci i]1Z [daadi*c\  XaVhh["XVitdb bVYZ7

c+ JVhijgZ VcY Wgdlhz+
/+ BVnh+

0+ M7™aV\Zh+

1+ =dcXZcigVizh+
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.+ JBIMJBILOM CH J;MNOLZ ;H> <LdlhZ

N]Zz \gVo“c\ Vgzvhd[ Qndb”~c\  VgZcVijgVaan Y KMYZY~cid
ijgZzz XaVhhzhdvhijgz ilVi bVn W2AgVozZY i|lZ Zci*gZ nZVg) hjb*
bZg eVhijgz ilVi ~hXdkzgz¥"i] hcdl “ci]z I~cizg) Vahd“ciZg
eVhijgZ I1"X] XVccdi WZIhZY ~c i]Z hjbbzg W2zZXVihA[ i1z VW*
hzZeXzd[ IVizg+

KQMMX[ZEM_"a™Q

N]Z nzVgadc\eVhijgZ ~cXajYZhildhz eVgihd[ i]1Z hiViz l]zgz
i]JZ VccjVa egzX~eniVirdcgVelzh [gdb  &wid CM~cX]zh VeY i)z
hcdl[Vaa ~h aM]Ji+ Cc i]zhzZz VgzVvhilZz gVc\Z bvn WZ\gVoZY [dg
bdgZ i]Vc c”cZ bdcilh d[ i]Z2 nzVvgVceY d[iZc ilzakz bdcilh+

; avg\Zegdedgi®dc d[ ]2 hVbeazhilVi 12gZ XdaazXizigdb V
nZVgadc\eVhijgZ 1ZgZ XdaazXizdc iJz FVgVb"zZ JaV~ich+ ; a’hid[
hdbz d[ i]z eaVcihlN] YVizd[ XdaazXirdécY eZzgXZciVizd[ e]dh*
eldgih Vgz\"kZc ]ZgZ VcY hdbz Vgz\"kzZc ~c i]Zz iVWad[ XVaX"jb
VcY e]ldheldgjh gVitdh+ ;aa gZhjaih *c eZgXZciV\Zd[ e]dhe]ldgjh Vh
J-, dgJ VgzZ\"*kZc [dg i]Zz V"g*Yg"ZYiVbeaZjcazZhh hiViZY di]Zg*
I"hzZ+

MdbZ eaVcih XdaazXiz¥c i1z FVgVvb~Z JaV~ch

HAG? 1@ JF;HN >N?  =IFF?=N?> 3 V)]

#
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JeX[MTUfM \MMeU % ' Djcz 2) .602 -+55
8a"['UM XMZM'M ' Djcz 2) .602 -+43
5"U\XQd <Xa "MXXUU ' Djcz 2) .602 A+
FQ " MPeYUMXXQ" YU_ ' Djcz 2) .602 -+42
57 QYU_UMOPM URUPM ' Djcz .5) .602 -+45
?UZa¥Y XQcU_UU ' Djcz /-) .60/ -+13
50°QYU_UNZ[bM kkkk Djcz /-) .60/ -+33

55"\eMzZ  \MXhOURX[*aY ' Djan 0) .602 I"
5S"\eNZ _YU'TUU ' Djan 6) .604 -+1.
@MXbM_""aYO[OQUZQaY ' Djan 6) .602 -+2"
7T"b_[[TMYZa_ \aYUXa_ ' Djan .1) .604 -+13
EMX_[XMQ_"URQ" ' ) 602 -+3/
E'UWMO[YM'M % % ' M) 602 —+.4
57 QYU_UMRMNUSUPM kk M) 602 -+2.

7"QQ RUXUR[XUM ' =+ 16) .602 -+16
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Cci]z Veea™XVirdd[ i]Z Xdbbdc VcY hX~Zcir[*¥Vbzh id i]Z
eaVcih i]Vi 1ZgZ VcVanozZYilZ [daadl*c\ Wdd'hIzZgZ XdchjaizY7
ILVc\Z  JaVci BVeYWdd'! egZeVgZYWnilZ @dgZhiMZgk"XZ)GVc*
jVa d[ i]1Z AgVhhzHhd[ i]Z OcNZY MiVizh! Wn.$ M) B7iX]XdX") VcY
IHVi"kZ  QddYn JaVcih d[ i]Z OcnhNizY MiVizh! Wn Q+ L+ PVc
>Zg$hVC+

N]Z FVgVvb”*Z JaV~ch VgzZ XgdhhZYWn hZkzZgVahigZVbh 1]*X]
[adl ilgdj\] kVaaznflVi VgzbjX] WZadli]Z \ZcZgVaazkzZa[ i]Z
eaV~ch+ Cc i]1Z k~XAchind[ i]1ZzhZ higZVbh i1ZgZ VgZ Xdch"YZgVWaZ
VgZVHI"X] VgZdcanV [ZI [2zZi VWdKkZ])Z azkzal[ i1Z IViZzg "ci]Z
higZVb) VcY ~c hdbZ XVhZli{Zzn VgZ[addYZYYjghc\ N IViZzg+ Cc
ijzhz 1Zi bzVvYdlh i]1ZgZ VgZbVcen eaVcihilVi |"aa cdi \gdl “c
i]Z YghZdeaVcYh+ N]Z ezZgXZciV\zhd[ J-) “c hdbZ d[ i]Z eaVcih
[dicY ]zgz Vgz\"kzZc ~c i]Zz [daadl*c\ a™hi7

HAG? 1@ JFHS$$

6[a’QX[a] S*MOUXU_ % i+ 1) 602 411
LazOa_NMX UOa_ ' W) 602 %S,
8XQ[OTMAUMXa_""U_ ' W) .602 9%g*
7MX[ZaUS_UDMZMPQZ_U_ ' i) 602 +13
CaOOUZQXZINMXXUMZM ' W) 602 +14
01) QdUSaM ' Djcz /) .60/ +-
EMXUla[X UU ' DjcZ /-) .60/ 431
E\ ["IN[Xa_ YUOA \Q"Ya_ ! ' i+ /6) .602 —+1/
7[*Q_ aQNM_WQZ_U_ ' i+ /6) 602 -+10
ClaxXa_ MZSa_'UR[UM ' GVn /5) .603 —+53
ClaXa_ MZSa_UR[XUM " Djcz /) .60/ l+p
57°QYU_UNSZM\TIX[PQ_ ' Djcz 1) .60/ -+46
<AU_YU_[aUQZ_U_ " Djcz 1) .60/ %$,,
5_“AMSMXaN[PUZUU % ' Djan /0) .602 —+21

MdbZ d[ ]z hVbeazhZgZ XdaazXizdc i]Zz WVh4&[ i]Z bdjc*
iVAc hadezhhd Xadh4d i1z eaV~chilVi ]2 [dgV\Z IdjaY W2zZVkV a*
VWazd akzZhidX \gVo~c\ dc i]ZhZ eaV~ch+N]Z e]dhe]dgjh Xdc*
iZzci d[ hdbz d[ i1zhz WgdlhZ eaVcihcdi [djicY dc i]Z eaV~ch*h
\"kZc WZadl+

MVbeazh[gdb IddYn Wijh]zh VcY igZZh Xdch”hizYbV~can d[
azVkzh&dbzi"bzh i)z iZcYZg hizbh d[ i]Z XjggZci nzZVgldjayY WZ
AcXajYZYVceY hdbzZirbzh 112 [adlZgh VeY [gjti+
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H:G?7 1@ JFHN >N?7 =IFF?7=NCa>

5°QYU_UNNUPQZ'M'Q ' M) .66 -+24
7Q,O[OMMaY[Z'[Za_ ' Djcz ) .603 ~+12
DUNQ 0OQ"QaY : Djan 6) .603 —+1/
50Q" SX[NAcY" : Djan 6) .603 —+24

Nd ]z 2zvhi d[ iz Fvgvb"Z GdjciVich [gdb i]Z*g XgZzhi
ijgdj\]  ZVhiZgc;aWVcen =djcin - VcY Vaa[ FVgVb~Z =djcin) bjX]
d[ i]Z Xdjcign ~hXdkzgz¥"i] \gVhhzhd[ i]JZ hVbZ “~cY Vh [djcY
dc iJZz FVgVb~Z Jav~ich)n]  V [ZI ZmXZeirdch+

Ic j\jhi .-) .604)V cjpWZg d[ hVbeazZhlzgZ XdaaZXiZ¥c
FVgVb"Z =djcin dc i]Z QVggZc gVcX] hdji] d[ =]ZnZccz+ N]z
eaVcih XdaazXizMi] ]z ezgXZciV\zhd[ J-, [daadl7 ; b"mijgZ
d[ Wij[[Vad \gvhh #6a0TX[@MO eX[UPQc% WajZ\gvbV #6[a Q&
X[aMSMOUXW-0B#8 V b mijgZ d[ 1Zhizgc 1]zVi \gVhh #5S7N&
\eMNZ _YU'TUNBY hazcYZdlzvi \gVhh #5S"\eNZ \MaOURX[*aY$'
-s00#8 bdjcivAc  bjlan  #@a=aQZNQ"FUNNZM$%0.#8 V hvb*
eaZ d[ b mZzY eVhijgZz XdbedhzZY d[ \gVhhzh) HjiiVaa$h hVaiWjh]
# MUK QEa MXXURYEY hvizwgjh] #5° QY U_URAU SMIDZiX +)
-+05#8 V b mijgZ d[ i*bdiln #CTXQa¥Y'M QZ_Q§Zyide #5S5" &
"U_MXNM$®Y 12zYh) -+00#8 ;bZg"XVc bVccVi\gvhh #:XeOQMNUM
SAMZPU -$#8# 8gZYide #5S U MXNM$@B# 8VcY WajZ\gVbV
#6[a’ QX[a[ S*"MOUX 0%+

N]Zhz hVbeazhzgz XdaazXi2¥di] [gdb 1Zi bzVYdlh VcYYgn
]"aah"YZh)i ZazkVirdclgVe\rel [gdb 3)--- id 4)/-- [ZZi) VcY [gdb
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The percentage of phosphorus in grasses and grasslike plants
found on the winter grazing areas is much the same in all parts
of the state. Since the percentage is low, those animals that graze
all winter on typical short-grass areas are liable to suffer from
phosphorus deficiency.

Besides the grasses the two main plants for furnishing win-
ter pasture are big sagebrush (Arfemisia tridentata) and Nuttall’s
saltbush (Atriplex nuttallit). These two are very similar with re-
spect to the amount of phosphorus they contain. The amount re-
mains almost constant from October 1 until April 1, from 0.4 to
0.7% B0y

In the fall when the cattle and sheep enter the winter range,
the leaves and fruits of shadscale and greasewood are important
items in the feed. At that time these leaves and fruits will con-
tain from 0.3 to 0.4% P,0,. The leaves of the shadscale that
remain on the bush contain no more. For example, two samples
collected on December 18, 1926, had 0.21 and 0.27% P,O;. Grease-
wood (Sarcobatus vermiculatus) drops all its leaves in the fall
and furnishes very little food after December 1.

Some important supplementary plants which furnish feed on
the Red Desert area during the winter are bud sagebrush (Arte-
misia spinescens), brown sagebrush (Artemisia pedatifida), and
winterfat (Eurotia lanata). These plants contain from 0.35 to
0.50% P,0,. The leaves of the several species of rabbitbrush
(Chrysothamnus sp.) contain from 0.2 to 0.4% P,O;.

Relationship of the phosphorus in pasture and browse to
season, precipitation, proteins, and calcium.

Comparisons of determinations of phosphorus have shown
that the phosphorus content of pasture grasses is higher in the
early summer than in the fall; it is higher in grasses that grow in
wet weather ; and it varies directly as the crude protein.

The relationship with calcium is an important one to live-
stock, and indirectly it is of importance in the plants which the
livestock eat.

The relationship of the phosphorus content of
pasture to the season.
For the purpose of studying the seasonal change in the chem-
ical composition of summer pasture a small area that was typical
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of the short-grass plains was chosen on the University Farm west
of Laramie. This area was divided into eight plats, each 20 x 100
feet,. One plat was mowed with a lawn mower on April 30, 1930,
and the grass dried and analyzed. A second plat was cut about
three weeks later and a third about six weeks later and so on.
The eighth plat was cut on September 27.

The mixture of plants obtained from plat 1 on April 30 con-
tained 0.73% P,O; and the amount in the samples taken during
the summer gradually decreased, the amount in the pasture cut
on plat 8 on September 27 being 0.38% P,O,. Pasture that was
not cut or grazed during the summer contained only about half as
much P,O; on October 1 as it did on May 1, on the basis of air-
dried samples.

The amount of moisture in the pasture cut April 30 was
67.61%, and the amount in the pasture cut on September 27 was
47.04%. Calculating to field conditions, the pasture in the field on
April 30 contained 0.25% P,O, and the pasture in the field on
September 27 contained 0.22%.

Relationship of the phosphorus content of pasture
grass to rainfall and crude protein.

Plat 1 of the experimental plats was mowed every three
weeks with the lawn mower, the clippings dried and analyzed.
The sample cut on April 30, 1930 contained 0.73% P,O; and
18.61% crude protein. This sample had sufficient moisture for
maximum growth. Grass cut with the lawn mower on July 23,
after a period of low precipitation and insufficient moisture, con-
tained 0.47% P,O, and 9.30% crude protein. Another sample
representing the growth of pasture between August 16 and Sep-
tember 3, a period of high precipitation and more than sufficient
moisture, contained 0.75% P,O; and 15.97% crude protein.

Calculating these percentages so as to represent the améunt in
the pasture as it existed in the field before cutting on April 30,
the phosphorus content was 0.25% P,O; and the crude protein
content, 6.42%. The clippings from the growth of the pasture be-
tween July 7 and July 23, when calculated to the moisture content
of 42.66%, the condition before mowing, contained 0.29% P.O;
and 5.73% crude protein; and the pasture cut on September 3
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contained, as it existed in the field just before cutting, 54.12%
moisture, 0.37% P,O;, and 7.82% crude protein.

The plants found in these clippings from the lawn mower
were western wheatgrass (Agropyron smithii), slender wheat-
grass (Agropyron pauciflorum), prairie Junegrass (Koeleria cris-
tata), needle-and-thread (Stipa comata), bluegrass (Poa spp.),
blue grama (‘Bouteloua gracilis), false buffalo grass (Munroa
squarrosa), winterfat (Eurotia lanata), fringed sagebrush (Arte-
misia frigida), sedge (Carex stenophylla), lichen (Parmelia mol-
liuscula), rabbitbrush (Chrysothamnus pumilus) and (Chryso-
thamnus frigidus), Nuttall’s saltbush (Atriplex nuttallii) and
(Lesquerella argentea).

This work with the pasture on the Laramie Plains has shown
that the P,O; content of dry matter in pasture grass increases di-
rectly as the rainfall until a maximum percentage of P,O; is ob-
tained, beyond which it will not increase. Comparing these con-
ditions to the mountain or summer pasture we have the following
differences: The pasture in the mountains lies dormant until the
snow melts, much of it in June. Hence this mountain pasture
starts growing late, grows faster, and when it reaches the bloom-
ing stage it will not be as old as the pasture at the same stage on
the plains. Also the mountain pasture starts to grow when the
soil is soaked with water from melted snow, receives more rain-
fall and usually has sufficient moisture to allow maximum phos-
phorus content. These two differences indicate that the mountain
pasture might be expected to contain more P,O; and crude pro-
tein than the plains pasture.

As a comparison of actual analyses of pasture from plains
and mountain take for example, a sample grown on the plains be-
tween August 16 and September 3, under the best conditions ob-
tainable on the plains, which may be compared with samples of
pasture from the Libby Flats in the Medicine Bow mountains.
The sample from the plains contained 0.75% P,O; and 15.97%
crude protein and a sample from the Libby Flats contained 0.53%
P,O, and 16.33% crude protein. Another pasture sample from
the Libby Flats composed of grasses, sedges, and weeds contained
0.65% P,0,. The comparison is not exact, as the grasses, sedges
and weeds that composed the three were not identical ; but it shows
that under similar conditions of rainfall, plains pasture is as high
in P,O, and crude protein as the mountain pasture.
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Relation between phosphorus and
calcium in pasture.

The relationship discussed here is the ratio of calcium and
phosphorus which is best suited to the nutrition of livestock. It
has been proved in actual feeding tests that when calcium and
phosphorus in a feed are out of proportion to each other, nutri-
tional diseases may occur, no matter which element may be in
large excess. Morrison (7) states in “Feeds and Feeding” that
the ideal ratio is 1: 1 or 2: 1, but dairy calves have been fed a ra-
tion containing a calcium-phosphorus ratio of 6.5:1 which proved
entirely satisfactory.

Grasses which form the summer pasture have an ideal ratio.
In early summer on the Laramie Plains the ratio is about 1.5:1,
the proportion of calcium increasing during the season to about
3:1 in October. The ratio in mountain pasture varies consider-
ably but on the average the ratio is ideal. Samples from the
Medicine Bow National Forest had ratios between 1:1 and 5: 1.

Some of the plants that form the winter pasture of the Red
Desert region have proportionately large percentages of calcium.
Sagebrushes have ideal proportions of calcium and phosphorus;
but saltbush, shadscale, and winterfat have high proportions of
lime, the ratio of calcium to phosphorus ranging from 6:1 to 25:1
sometimes the proportion of calcium being even higher. In the
open pasture animals cover a large territory so there is little dan-
ger of getting too much calcium.

Frequently corn is used as a supplementary feed in the win-
ter, and, as far as the minerals, calcium and phosphorus, are con-
cerned, it makes an ideal supplement to these desert plants as the
ratio of calcium to phosphorus is about 1:4. Any of the grains,
wheat, barley, oats, and corn are very low in calcium. When fed
as a supplement to saltbushes, shadscale, and winterfat, any grain
raises the proportion of phosphorus and lowers the proportion of
calcium thus improving the mineral balance. Oats and barley are
raised in Wyoming and make good supplementary feeds as the
ratio in these grains is about 1: 4.

Some of the important pasture and browse plants with their
calcium and phosphorus ratios are given in the table.



14 Wyoming Agricultural Experiment Station  Bul. 233
TABLE |—CALCIUM-PHOSPHORUS RATIOS
SHORT-GRASS PLAINS PASTURE PLANTS
Date
Plant Names Ca0O | P:Og | Ca P Ca:P Col-
% % % %o lected
Mixed DABLORE ... <o vi vs v s cinabi sl esen s § .67 .73 .48 .32 1.5:1 4-30-30
Mixed pasture... .61 42 .44 .18 2:1 | 11-25-36
Prairie Junegrass... .38 .15 27 07 4:1 8-12-35
Western wheatgrass. .53 .30 .38 13 3:1 8-12-35
Slender wheatgrass. .36 .36 .26 .16 1.5:1 8-12-35
Fringed sagebrush. .. .84 .66 .60 .29 2:1 7- 9-37
Indian ricegrass... .85 .38 .61 % i g 3.5:1 8-12-35
Needle-and-thread .36 .39 .26 il 1.5:1 7- 937
Little rabbitbrush 1.66 54 | 118 .24 5:1 7- 9-37
Winertht ot e . S 1.52 .40 | 1.09 A7 6.5:1 7- 9-37
1 7 RO S O e e 1.01 .61 72 .27 2.5:1 8-12-35
7.5 TR I P S 4.96 .18 | 3.58 .08 44:1 6- 5-35
Spineless horsebrush.............. 1.30 .80 .93 .35 2.5:1 6- 7-35
Smooth phlox. . .0 sessssnabans 2.44 .26 1.74 5 i | 16:1 6- 5-35
Brown sagebrush. . .92 .80 .66 .35 2:1 6-13-35
Plains mustard. 3.08 1.13 | 2.18 .50 4:1 6- 5-35
Laxkspur. . saisniiyse 1.96 81 | 1.40 .35 4:1 6- 5-35
Drummond’s milkvetch. .. N B R ] .78 44 2:1 6- 5-35
+ ‘Throadleal sed@e. . s is oy s iianrdivieosn 1.08 45 & .20 4:1 6- 5-35
MOUNTAIN PASTURE PLANTS
Date
Plant Names Ca0O | P05 | Ca ) Ca:P Col-
%o % % % lected
Carex nomagled 2.3 G sl o Re b S .60 .62 .43 27 ) 458 6- 2-31
Mixed plants...coccveevsss 1.60 .65 | 1.16 .28 4:1 7- 6-31
Buttercups, grasses, sedges. .93 | 1.02 .66 .48 1.5:1 7- 731
Grasses, sedges, rushes...... .51 .83 .36 .16 2:1 7- 7-31
Artemisia scopulorum, grasses. .91 .63 .65 .28 2:1 7- 9-31
Artemisia cana. . . 1.39 | 1.20 .99 .52 2:1 6- 7-32
Artemisia tripartita. .85 .60 .61 .28 2.3:1 6-28-35
Willow leaves. . .59 .81 42 .35 1:1 6-17-36
Aspen leaves...... S e 9 1 ¢ .83 .86 .36 2.5:1 6-14-36
Vaccinium scoparium. AT T .83 .41 .59 18 3:1 8- 9-36
Sambucus melanocarpa. ............coounn... 1.68 .79 | 1.20 .35 3.5:1 8 -9-36
Carcocarpus montanus. .. ««.oeeueeneenennnens | 2.98 39 | 2.13 171 12.5:1 8-13-36
WINTER PASTURE PLANTS
5 Date
Plant Names Ca0 | P:0s Ca P Ca:P Col-
% % % % lected
33T T R S R S A U .81 .65 .58 .28 3:1 9-18-30
Nuttall’s saltbush 4.57 .30 | 3.27 A3 25:1 9-19-30
Winterfat....... 2.09 .40 1.49 A7 9:1 9-18-30
areasewood....... 1.39 .44 1.01 .19 5:1 9-18-30
Brown sagebrish....... .98 .48 .69 .21 3:1 9-18-30
Bud sagebrush.. 1.06 .42 .76 17 4:1 9-22-35
Shadscale.. e || e 19:1 | 92435
Shadscale. .. 6.04 21 | 4.32 .09 48:1 | 12-18-26
Rabbitbrush...... 1.90 | .35 | 1.3 | .15 9:1 | 9-18-30
Bonch Whoatgrass .« iulciviiiual miraver sy .71 .32 .51 14 4:1 9-18-30
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2. PHOSPHORUS IN HAY

The most important hays of Wyoming are native hay and
alfalfa hay. Sometimes hay is made from Russian thistles, oats,
red clover, sweet clover, alsike clover, and introduced grasses.

Native Hay

Native hay is usually composed of a mixture of grasses,
sedges, rushes, and other plants. Frequently the hay may contain
as high as 90% of one of these constituents, either grasses, sedges,
or rushes.

Hays composed largely of native grass usually contain from
0.30 to 0.55% P,0;, but hay composed of western wheatgrass has
been found to contain as high as 0.6% P,0,. Hay composed of
Muhlenbergia asperifolia or Spartina gracilis has been analyzed
which contained 0.18% P,O;; hay composed largely of sedges
(Carex sp.) usually contain 0.30 to 0.55% P.O;; and hay com-
posed of the rush, Juncus balticus, “wire grass” will contain 0.30
to 0.40% P,0O,.

The percentage of phosphorus in the hays made from intro-
duced grasses is usually about the same as the native hay. Hays
made of timothy and smooth brome run from 0.40 to 0.55%
P,0O,. The highest percentage of phosphorus was found in a
sample of meadow foxtail (Alopecurus pratensis) which contained
0.66% P,0;.

Alfalfa Hay
Alfalfa hay contains from 0.3 to 0.6% P,O,, the percentage
depending on several factors:

1. It will depend on the age of the alfalfa when cut. If cut
when beginning to bloom it will contain more phosphorus than if
cut when past the blooming stage.

2. It will depend on the way the hay is handled after it is cut.
The leaves contain about 50% more phosphorus than the stems.
Therefore loss of leaves in handling will lower the percentage of
phosphorus.

3. It will depend on the amount of phosphorus in the soil,
modified, of course, by the other factors. If the alfalfa is collected
when beginning to bloom it should contain from 0.4 to 0.6%
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P,0,. Samples containing less than 0.4% P,O; indicate a de-
ficiency of phosphorus in the soil, and 0.3% P,O; indicates a se-
rious deficiency in the soil, which will limit the yield because al-
falfa will not grow satisfactorily unless that percentage can be
obtained.

4. It will depend on the moisture in the soil, and if alfalfa
is grown without irrigation the amount of phosphorus in it will
probably vary from year to year, depending on the seasonal rain-
fall. However, a large proportion of the alfalfa grown in Wyo-
ming is irrigated in a manner that will give sufficient water for
maximum growth. The dead leaves on the lower stems of alfalfa
are lost so that there is always a maximum of new growth re-
gardless of rainfall or altitude. In a large number of analyses
no appreciable variations of phosphorus or protein which could be
due to variation in rainfall or altitude have been detected.

If the soil is deficient in phosphorus the alfalfa will not only
have a low percentage of P,O; but also a low percentage of crude
protein and crude fiber. A sample collected near Liyman con-
tained 0.31% P,O,, 13.92% crude protein, 22.34% crude fiber,
and 42.65% nitrogen-free extract. A sample collected near Tor-
rington from a soil which was known to have sufficient phosphor-
us contained 0.53% P,O;, 19.55% crude protein, 29.79% crude
fiber and 30.26% nitrogen-free extract. The relationship between
the phosphorus and protein was shown in the analysis of pasture
from the Laramie Plains, but the lowering of the crude fiber
seems to take place only in case of soil deficiency.

A sure test for deficiency of phosphorus in the soil in which
alfalfa is grown is to add phosphate to a small area in the field.
If the soil is deficient in phosphorus the fertilized area will be
shown by increased height. This is a much more sensitive test
than a chemical analysis of the plants.

What has been written concerning alfalfa hay applies to hay
composed of other clovers, also vetch hay, or hay of other plants
belonging in the same family: The pea family.

Russian thistle hay
If Russian thistles are cut while the spines are still soft, when
the plants can still be comfortably squeezed in the hand, they
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make a hay which is, by the conventional chemical analysis, as
good as alfalfa. As this plant will grow under very arid condi-
tions, hay can be produced from it where the weather is too dry
to produce native hay or alfalfa hay.

While the plants are young, just a few inches high they will
contain from 0.40 to 0.70% P,O;, but the percentage decreases
with age, and samples collected in the same place at intervals
during the summer gradually decreased in percentage of phos-
phorus. Analysis made on mature plants show a range of 0.30 to
0.60% P,0O,.

Calcium-phosphorus ratio in hays

All the native hays, whether composed of grasses, sedges, or
rushes, have ratios that are close to the ideal ratio of calcium and
phosphorus except in rare cases when an exceptionally large per-
centage of weeds is present. Wiregrass hay has a calcium-phos-
phorus ratio varying from 2.5:1 to 6:1; sedge hay has about the
same variation; and grass hay has a ratio varying from 1:1 to
5:1. Sometimes native hay may be low in both lime and phos-
phorus but still be properly balanced. Two samples of hay were
cut in a wet meadow near Muskrat Creek. One composed of
scratchgrass (Muhlenbergia asperifolia) contained 0.29% CaO
and 0.18% P,O,, and the other composed of alkali cordgrass
(Spartina gracilis) contained 0.3% CaO and 0.18% P,O;.

Alfalfa hay has a rather high proportion of lime, the cal-
cium-phosphorus ratio in good alfalfa hay being 5:1 or 6:1; but,
in cases where the phosphorus in the soil is low, it may be 10:1
or even a greater proportion of calcium. Samples of alfalfa hay
from Uinta and Lincoln counties have been found to have a very
high proportion of lime. In one sample from Uinta County the
calcium-phosphorus ratio was 23:I, an excess in calcium that has
been shown to produce rickets. Good alfalfa hay, however, will
have a proportion with less calcium than the 6.5:1 ratio that has
been found satisfactory.

Russian thistle hay as a rule has an unbalanced calcium-
phosphorus ratio that varies from 6:1 to 15:1. Corn, oats or
barley should be fed with this hay to balance the minerals.
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3. PHOSPHORUS IN SILAGES

The two silages that have been analysed at this laboratory
are corn silage and sunflower silage.

Corn silage will contain from 0.3% to 0.5% P,O,. A sam-
ple of corn fodder from near Savageton contained 0.6% P,O;.
This sample contained a large amount of corn which accounted
for the high percentage of P,O;. Silage made from corn fodder
from which the corn has all been removed is very low in phos-
phorus.

A sample of sunflower silage from the University farm con-
tained 0.59% P,0O,. Sunflower heads are especially rich in phos-
phorus. A half dozen heads that were analyzed contained from
1.0% to 1.2% P,O,.

4. PHOSPHORUS IN GRAINS AND OTHER CONCENTRATES

Barley—Trebi barley grown at the Worland State Farm
contained 0.71% P,O, and barley grown at the Eden State Farm
contained 0.78% P,0,. This grain sometimes contains as high
as 0.95% P,0,. The calcium-phosphorus ratio is 1:4, which is
not a dangerous proportion, but the amount of calcium is only
0.1%, so low that any ration consisting mainly of barley would
cause a calcium deficiency which would be injurious to the animal.

Beans.—Cull beans from the Worland State Farm contained
1117% P05

Beet pulp—When beet pulp is fed as it comes from a sugar
factory it contains about go% water, but it is frequently fed as
dried beet pulp. In this form it contains about 0.3% P,O,. The
calcium-phosphorus ratio is about 6:1. If barley is fed at the
same time with the beet pulp it will improve the mineral balance.

Beet tops—DBeet tops are slightly higher in phosphorus than
the pulp. The amount of P,O, found in four samples varied from

0.35% to 0.45%.

Bone meal—Bone meal is used as a mineral supplement.
Steamed bone meal is used most commonly to correct mineral de-
ficiencies. In this form bone meal contains about 45.6% CaO
and 34.8% P,O, or about 32.6% calcium and 15.2% phosphorus.
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Corn.—The results of two determinations of phosphorus in
corn gave 0.83% and 0.84% P,O,. Like wheat, oats, and barley,
corn is low in calcium, and when fed to animals in large quanti-
ties will develop a nutritional disease due to the deficiency in lime.
Crooked bone in turkeys is caused by feeding a ration composed
almost entirely of grains. To correct this deficiency in calcium a
large amount of alfalfa should be mixed with the feed.

Cottonseed meal—This feed is used in large amounts as a
supplementary feed on the range. Good cottonseed meal will con-
tain over 2% P,0O,, sometimes over 3%. It is comparatively low
in calcium as the calcium-phosphorus ratio varies from 1:3 to 1:5.

Grain Sorghum—A sample of “milo maize” grown near
Guernsey was found to contain 0.60% P,O; and 0.16% CaO.

Oats—Two samples of oats from the Big Horn Basin con-
tained 1.03% and 1.06% P,O,. Like other grains, oats contain
a very low percentage of lime, the calcium-phosphorus ratio be-
ing 1:4 in the samples mentioned. A sample of oats from near
Wheatland contained 0.88% P,O,.

Soybeans and soybean meal—A sample of soybeans received
from the State Farm at Worland contained 1.14% P,O,. Soybean
meal used in experiments at the University farm contained 1.37%
and 1.38% P,0,. The calcium-phosphorus ratio in soybean meal
is about 1:2, the amount of calcium being higher than in the
starchy grains. -

W heat—Samples of wheat analyzed varied from 0.83% to
1.07% and the calcium-phosphorus ratio varied from 1:4 to 1:7.

SUMMARY

The work on phosphorus shows that a very high proportion
of the state of Wyoming has sufficient phosphorus in the soil. The
areas showing a deficiency are small and are mainly those on
which cultivated crops have been grown for many years.

The phosphorus in the dry matter of plants is relatively high
in those which grow rapidly. Since plants grow rapidly only
when a sufficient amount of moisture is present, there is a con-
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