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The effects of kind and amount of phosphates, kind 
rind of grass upon the yield and phosphoric acid content of sevc 
rrasses were studied by means of pot experiments in 
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Superphosphate greatly increased either the yield vr L I I ~ :  1 

:entage of phosphoric acid in the dry matter or both yield 
~ercentage. The increases in yield were greater where the s 
were more deficient in active phosphoric acid. Small appl 

Ins of superphosphate often produced large increases in yie 
companied by only small increases in percentage of phosphor 
id in the dry matter. Larger applications produced larze i 
eases both in yield and in percentage of phosphoric acid, rai 

the percentage well above the minimum required for rangt; 
imals. Different species of grasses differed in their capacity 
utilize soil phosphates: differences among the grasses were re- 

ced by the application of superphosphate. A large part of the 
losphoric acid added in superphosphate was recovered in the crc 

Ground rock phosphate increased yields in a few cases but 
tle effect upon the percentage of phosphoric acid in the dry n 
r. Increasing the amount of rock phosphate, the period of con1 
th the soil, or the fineness of grinding did not cause any furl 
creases in yield or percentage. Ground rock phosphate is 
be recommended for use on ~as tu re s .  
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THE VALUE OF DIFFERENT PHOSPHATES FOR VARIOUS 
TEXAS SOILS AND GRASSES, AS INDICATED 

BY POT EXPERIMENTS 
J. F. Fudge, Chemist, and G .  S. Fraps, Chief, 

Division of Chemistry 

The importance of phosphatic fertilization of pastures has been shown 
by many investigators in recent years, following work which showed that  
the percentage of phosphoric acid in forage is an important limiting 
factor for  satisfactory animal production in many areas (3, 5, 15, 16, 29, 
10, 42). Studies in Tesas have shown tha t  many soils are deficient in 
phosphoric acid (19), that  many grasses produced on these soils are 
deficient in phosphoric acid (20, 21, 26, 27), and tha t  the percentage of 
phosphoric acid in young forage is closely related to  the supply of phos- 
phoric acid in  the  soils (22, 24, 25, 26, 27). 

The question of the phosphatic fertilization of pastures in Texas is of 
imrnedate practical importance. I t  was therefore considered desirable 
to secure further information concerning the effect of different phosphates 
on grasses on diff'erent kinds of soils. In  order to secure more complete 
control over various factors which affect plant growth than is possible 
under field donditions, this study was made by means of pot experiments 
in the greenhouse. 

Several carriers of phosphoric acid are available for  use a s  fertilizers. 
Superphosphate is the most important and widely used of these carriers. 
Phosphoric acid in superphosphate has a high availability. Rock phosphate 
is also obtainable in large quantities, but many investigators have shown 
that  phosphoric acid in rock phosphate is not nearly as  available to most 
plants as  that  in superphosphate. Calcium metaphosphate and ammonium 
phosphate may come on the market. Limited amounts of defluorinated 
rock phosphate a r e  now being used on pastures. 

Previous Work 

The application of superphosphate to  pastures often results in in- 
creased yields of forage, but even where increases in yield are small, the  
percentage of phosphoric acid in the forage may be increased sufficiently 
to warrant the use of the fertilizer. Increases in yield and phosphoric 
acid content following the use of superphosphate may differ widely on 
different soils and with different plants. Data presented in Table 1, taken 
froin several publications, illustrate these points. 

Superphosphate not only increases the phosphoric acid in the species 
already present in the pasture, but often promotes the growth of more 
desirable species of forage, particularly legumes, which a r e  relatively 
high in protein and phosphoric acid. 



Table 1 . Effect of superphosphate upon yield and percentage of phosphoric acid in forage in field experiments 

Soil series 

1 Yield of Dry  matter I Phosphoric acid 
Tons  per acre in dry  matter 1 Reported in 

literature 
Not  No t  Fertilized I cited / fertilized 1 Fertilized 1 fertilized % I % No . 

Cot~necticu t . . . . . . . . . . . .  
West V~rg in i a . .  . . . . . . . . .  

Herbage . . . . .  
Herbage . . . . .  
Ilerbage . . . . .  
I-leri~age . . . . .  
1 lerhage . . . . .  
Ilcrbage . . . . .  
1 l e r b a ~ e  . . . . .  
I lerbagc . . . . .  
I-Iorbazc . . . . .  

. . . . . . . . . . . . .  1 . . . . . . . . . . . . .  
A1lalf:i 
Alfalfa 
Alfalfa . . . . . . . . . . . . .  
Alfalfa . . . . . . . . . . . . .  

. . . . . . . . . . . .  . . . . . . . . . . . . . . .  \Visconsin .4lfalf a .  
Alfall'a . . . . . . . . . . . . .  

. . . . . . . . . . . . .  . . . . . . . . . . . . .  Naw RIcxico Alfalfa 
. . . . . . . .  . . . . . . . . . . . . . . . . . .  I:lorid.~ C.arpc. L grass 
. . . . . . . .  Carpet grass 
. . . . . . . .  Carpet grass 
. . . . . . . .  Carpet grass 
. . . . . . . .  . . . . . . . . . . .  South Carolir~a Carpet grass 
. . . . . . . .  . . . . . . . . . . . . . . . . . .  'l'exas : Carpet grass 

. .  . . . . . . . . . . . . . .  Connecticut Ken tueky I l l  ~leqrass 
. .  . . . . . . . . . . . . . . . .  hlarylantl Kentucky 11 l~~cqr .1~~  

I<cntucky blliegrass . . 
. .  West Virginia . . . . . . . . . . . .  l<entucky l,lue!:rass 
. .  . . . . . . . . . . . . . . . .  \Visconsi~l Ken tuck?; hl.~r~:rnss 

. . . . . . . .  . . . . . . . . . . . . . . . .  X.laryl.~nd White cl.)ver 

. . . . . .  \Vllit r. clover 

. . . . . . . .  . . . . . . . . . . . . . .  (~o!lrlcctic!lt S~..<.l.t\.(~i.n7l 
. . . . . . .  . . . . . . . . . . . .  \Vest Virginia Poverty grass 

13roon1sc.cIge . . . . . . . . .  
Kcntucl<y t~l~~e!:rass . . 

. . . . . .  . . . . . . . . . . . . . . . . . . .  'l'e.cas Angleton grass 
. . . . . . .  I?hodcs grass 

I3crnluda .<r .. ss . . . . .  

IIouston . . . . . . . . . . . .  
Eutaw . . . . . . . . . . . . .  
Norfolk . . . . . . . . . . . .  
kiouston . . . . . . . . . . . .  
Dccntur . . . . . . . . . . . .  
Charlton . . . . . . . . . . .  
1)ekalh . . . . . . . . . . . . .  
I iuntington . . . . . . . . .  

. . . . . . . . . . . .  Crowley 
. . . . . . . . . . . .  l<itzville 

. . . . . . . . . . . . . .  Puget 
Dungcncss . . . . . . . . . .  
\Vi~ichcstcr . . . . . . . . .  
hliami . . . . . . . . . . . . .  
Gilford . . . . . . . . . . . . .  
(ills. . . . . . . . . . . . . . .  
Rlnden . . . . . . . . . . . . .  
Bladcn . . . . . . . . . . . . .  
Lcon . . . . . . . . . . . . . . .  

. . . . . . . . . . .  I'lurnmcr 
. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Crow ley 

. . . . . . . . . . . . . . . . . . . .  
Dckalb . . . . . . . . . . . . .  

. . . . . . . . . . . . .  1)clczll. 
Ockalb . . . . . . . . . . . . .  
1-ufkin . . . . . . . . . . . . .  
I.ufkin . . . . . . . . . . . . .  
I. r~fliin . . . . . . . . . . . . .  



VALUE OF DIFFERENT PHOSPHATES FOR TEXAS SOILS AND GRASSES $ 

Lespedeza occurred in appreciable an~ounts  on plats of a Crowley clay 
loam a t  Beaumont, Texas (22), which had received superphosphate but 
was not important on unfertilized plats. On a Connecticut pasture (9 ) ,  
white clover amounted t o  less than 1% of the total forage on unfertilized 
plats but contributed up to 557% of the total forage on plats which had 
received superphosphate. On another area ( l o ) ,  Kentucky bluegrass 
provided 1% of the forage on unfertilized plats, 50% on plats which had 
received superphosphate, and 7576 on those which had received both super- 
phosphate and a nitrogen fertilizer. During a 6-year experimental period 
on pastures in West Virginia (37), weeds and bare space increased mark- 
edly on unfertilized plats, while Kentucky bluegrass and white clover 
largely replaced less desirable grasses and weeds on plats which had re- 
ceived superphosphate. Many other similar results have been reported. 

The beneficial effects of superphosphate may persist on pastures for  
several years af ter  applications have been discontinued. Robinson and 
Pierre (38), found beneficial effects from the use of superphosphate four 
and one-half years af ter  the last treatment. Brown (10) found tha t  vege- 
tation from fertilized plats contained 40% more phosphoric acid than 
vegetation from unfertilized plats 14 years af ter  an  application of 320 
lbs. of phosphoric acid in superphosphate. Ahlgren (1) found tha t  the 
yield of mature Kentucky bluegrass from plats which had received 20% 
superphosphate a t  the rate  of 400 pounds per acre five years previously 
was nearly four times as  great  a s  t ha t  from the unphosphated plats. 

Rock phosphate has usually been found to  be less available than super- 
phosphate. Mooers (33) reported t ha t  rock phosphate gave much lower 
returns than superphosphate for  oats and hay, tha t  fineness of grinding 
beyond that  usually employed did not increase availability, and t ha t  avail- 
ability of rock phosphate did not noticeably increase on long contact with 
the soil. No11 and Bechdel (34) reported t ha t  applications of rock phos- 
phate carrying twice a s  muc l~  phosphoric acid a s  applicatio1is of super- 
phosphate gave lower yields than superphosphate in every one of 58 
comparisons conducted on pastures in Pennsylvania. Volk (45) reported 
tha t  increases in yield of hairy vetch from the  use of superphosphate on 
different soils were from twice to 18 times those from rock phosphate. 
Fraps (17, 18) reported tha t  the phosphoric acid in rock phosphate was 
much less available than tha t  from superphosphate. O'Brien (36) re- 
ported tha t  superphosphate was much more effective than rock phosphate 
in increasing the percentage of phosphoric acid in Kentucky bluegrass and 
white clover. DeTurk (14) states tha t  phosphoric acid in rock phosphate is  
not available to the plant during: the critical early stage of growth, while . 

that in superphosphate is readily available. Brown and Jacob (12) re- 
ported tha t  superphosphate was superior to rock phosphate in all of their 
work. Increasing the rate of application of rock phosphate often has 
very little, if any, effect upon the yield secured (17, 45, 46). Soft rock 
phosphate with colloidal clay (also called waste pond phosphate) is no 
hetter than ordinary rock phosphate (18, 45, 46) and contains only about 

, 

two-thirds as  much phosphoric acid. 
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Several other p'nospha~ea a t :  UL I L ~ ~ L Y  ~ecome  obtainable for use as ferti- 
lizers. Calcium metaphosphate is made by burning phosphorus and passing 
the conlbustion products into rock phosphate a t  high temperature. De- 
fluorinated rock phosphate is made by fusing rock phosphate with silica 
and quenching the melt. I n  both of these processes, much of the fluorine 
in the rock phosphate is removed. Phosphoric acid in these two phosphates 
may have practically the same availability on noncalcareous soils as that 
in superphosphate (2, 30, 11, 39), but they cannot, a t  present, be recom- 
mended on calcareous soils. Ammonium phosphate is a soluble phosphate 
in which the phosphoric acid probably has a high availability. Basic 
slag, a by-product from the manufacture of steel, has been used in many 
areas with variable results, but i t  contains only about 8 to 12  per cent 
of total phosphoric acid and is a low-grade fertilizer. Phosphoric acid in 
sonle basic slags may be nearly as available on some soils as that in super- 
phosphate (33, 35, 39). 

11 of the work reported in this bulletin, 5 kilograills of soil were 
d into galvanized iron pots, nitrogen and potash (1 gram each of 

ammonium nitrate and potassium sulphate per pot) were added to ali 
pots a t  the s ta r t  of the work in March and, in most experin~ents, again 
in August. Quantities of the various phosphates calculated from the 
analyses to contain the desired amounts of phosphoric acid were weighed 
out and mixed with the soil. When superphosphate was compared with 
rock phosphate, the amount of phosphoric acid applied in rock phosphate 
was usually twice tha t  applied in  superphosphate. A parallel series of 
pots to which no phosphoric acid was added was included in all esperi- 
ments. All treatments were made in triplicate. After the fertilizer had 
been mixed with the soil, weighed quantities of seed (or, in a few cases. 
plants) were planted. Water equivalent to 50% of the water-holdinr 

Table 2. Composition of soils 

Soil 
No. Soil type  Nitrogen 

70 

Lufkin fine sandy loam. .  . . . . .  
Houston black clay. . . . . . . . . .  
\Vilson clay loam. .  . . . . . . . . . .  
Tvl'ilson clay loam. .  . . . . . . . . . .  
Houston c lay . .  . . . . . . . . . . . . .  
Reinach silt l oam. .  . . . . . . . . .  
Ilouston black clay. . . . . . . . .  

. . . . . . . . . .  fine s and . .  
Abilene c lay . .  . . . . . . . . . . . . . .  
Frio clay loam. .  . . . . . . . . . . . .  
Windthorst fine sandy loan.  . .  
Blanket clay loan..  . . . . . . . . .  
Norfolk fine s a n d . .  . . . . . . . . . .  
Lufkin fine sandy loam . . . . . . .  

. . . . . . . . .  Lufkin fine sandy loam. .  

Tota l  
phosphoric 

arid 
('f /o 

. . . . .  
,070' . 
.040 
.030 
.I11 
0.94 
. I Of 
,015 
,052 
,136 

Active 
phosphoric 

acid 
p.p.rn. 

Basicity 
as 

CaSO3 
10 



I Table 3. Comtnon and botanical names of grasses used 

1 Common name 1 Botanical name 

capacity of the soil was added. This n~oisture content was maintained 
weighing the pots every two or three days, making allowance fo r  the 

~stimated weight of the crops, and adding the zmount of water required 
to  bring the pots to the original weight. 

.\ngleton grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B,rrnuds grass. . . . . . . . .  .: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Black fingcrgrass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
li ~iTalo grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carnet grass.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C,~r ly  mesquite grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1)aliis grass. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Frath?r finger grass.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Crrorgla grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.i~~'lqson grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1,it.tlc bl les'.cm grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R'lo les grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ri!,hed paspalurn grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Si ieonts  grama grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IYecping lovc grass. ......................................... Yellow board grass. ......................................... 

The grass was usually clipped a t  intervals of ebout 6 weeks; several 
crops mere cut from the same pot. A t  all but the fi12al harvest, the 
casses were cut back to about 2 inches in height. The final harvest in- 
cluded all plant material above the ground. The material harvested was 
dried a t  about 45"C., ground in a Wiley mill, and analyzed for  phosphoric 
acid by the volumetric molybdate method (4).  

Analyses of the soils used are shown in Tabk  2. The common and 
'1o:anical names of the grasses used are given in Table 3. 

Andropoqon annulatus 
Crjnodon' dady lon  
Chloris cucullnta 
Ruchloe dact.uloides 
Axonopus  o f i n i s  
IIilarin Helangeri 
Pnspn!rrm dilatatum 
Chloris oirgata 
Paspalum plicatulum 
Sorghum halrpense 
4 ndropogon scoparius 
Chloris gayana 
Paspalurn malaconh!rllum 
Routelouo c u r t i ~ e n d u l a  
Eragrostis curuula 
Andropogon i s c h a e m m  

Effect of Kind of Soil 

In order to study the effect of the kind of soil upon the response to 
phosphatic fertilizers, 12 soils were selected which differed widely in 
~hysical and chemical characteristics. Black finger grass was grown 
the first year on all these soils; Bern~uda xrass was grown the following 
year on ten of the same soils. Eoth grasses were grown a t  the sanie time 
on two soils (65031 and 66401) used in other experiments. On black 
fnper grass, superphosphate (100 mgm. P,O-,) o r  rock phosphate (200 
m q n .  P,Oi) was mixed with the soil in nilarch a t  the s t a r t  of the  work 
and a second application broadcast on the surface in Aug-ust. On Bermuda 
crass the following year, all of the phosphate (200 or  400 mgm. P,O;) 
\!-as mixed with the soil before planting. The Rennuda grass on ten soils 
dso had the benefit of the residue of the phosphate applied to  black 
finrer grass. Both grasses were clipped 5 times during the growing 
qeaqon, ending in November. The total yield of dry matter, the per- 
centage of phosphoric acid in the dry matter, and the percentage recovery 
n f  the phosphoric acid added a r e  shown in Table 4. 

Because nitrogen and potash were added, t he  yields without phosphate 
were due chiefly to the phosphol-ic acid of the soil. Jf the conditions for  



Black finger grass 
Lufkin fine sandy loam. .  . . . . . . . . . . . . . .  
Windthorst fine sandy loam. .  . . . . . . . . . .  
Ilouston clay . . . . . . . . . . . . . . . . . . . . . . . .  
Wilson clay loam.  . . . . . . . . . . . . . . . . . . .  
I d k i n  fine sandy loam. .  . . . . . . . . . . . . . .  
Reinach silt loam. .  . . . . . . . . . . . . . . . . . .  
Nimrod fine sand.  . . . . . . . . . . . . . . . . . . .  
Ilouston black clav . . . . . . . . . . . . . . . . . .  
Abilcne c lay . .  . . . . . . . . . . . . . . . . . . . . . . . .  
Norfolk fine sand.  . . . . . . . . . . . . . . . . . . .  
1-Iouston black clay. . . . . . . . . . . . . . . . . . .  
\Vilson clay loam.  . . . . . . . . . . . . . . . . . . .  
17rio clay l oam. .  . . . . . . . . . . . . . . . . . . . . .  
Blanket clay l o a m . .  . . . . . . . . . . . . . . . . .  

Table 4. Effect of  superphosphate (200 mgm. PsOa) and rock phosphate (400 mgm. P20a) on total yield of dry matter and phosphoric acid in 
black finger and Bermuda grasses grown on different soils 

Average . . . . . . . . . . . . . . . . . . . . . . .  

Total  yield of d ry  mat ter  

Bermuda grass 
1,ufkin fine sandy loam. .  . . . . . . . . . . . . . . .  
Abilene clay. . . . . . . . . . . . . . . . . . . . . . . . .  
Lufkin fine santlv l oam. .  . . . . . . . . . . . . . .  
\Vindthorst fine sandy loam. .  . . . . . . . . . .  
Wilson clav loam. .  . . . . . . . . . . . . . . . . . . .  
IIouston biack clay. . . . . . . . . . . . . . . . . . .  
I louslorl clay. . . . . . . . . . . . . . . . . . . . . . . . .  
Reinach silt loam. . . . . . . . . . . . . . . . . . .  
lilankct clay loam. . . . . . . . . . . . . . . . . . . .  
I Iotiston blaclt clay. . . . . . . . . . . . . . . . . . .  
\I1ilson clay loam. .  . . . . . . . . . . . . . . . . . . .  
Frio clay l oam. .  . . . . . . . . . . . . . . . . . . . . .  

None Super Rock Soper ~ o c k  

--- / m. I am. I am.  -- : a %  

Weighted average percentage of 
phosphoric acid in d ry  mat ter  

Recovery of 
phosphoric acid added 
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plant growth were entirely equalized, the yields in the pots fertilized with 
I cuperphosphate would be equal in  the different soils on which the same 
I crass was grown under the same environmental conditions. Yields were 
I not equal, but ranged from 22.5 t o  69.1 grams.per  pot, with an average 

of 46.6 grams for  the black finger prass, and from 34.3 to 111.1 grams 
I with an average of 75.0 grams for  Bermuda. The differences in yields 
/ show that  the conditions fo r  plant growth were not  entirely equalized 
I by the addition of the superphosphate. Some of the soils were much more 
1 favorable to the growth of the grasses than others. Bermuda failed en- 
' tirely on two soils, though planted several times. These two soils were 

a Nimrod fine sand (53798) and n Norfolk fine sand (54289), on which 
superphosphate the previous year caused sinall increases in yield and 
considerable increases in the percentage of phosphoric acid in black finger 
crass. Bermuda grass seldom grows well on very sandy soils in the 
field. The relative growth on the soils was not always the same with 

I !he two grasses. 
I The difference in yield between finger grass and Bermuda grass indicates 
/ that Bermuda grass may have a greater growth capacity. However, the 
/ differences in yield cannot be assigned entirely to differences in the grasses. 
1 They may be due partly to differences between the seasons of 1942 and 
1 1943, partly to the fact  tha t  the superphosphate was added in two applica- 
' tions to finger grass and in one application t o  Bermuda, and partly t o  1 ~esidual phosphates available to  the Bermuda grass. 

The effect of superphosphate in increasing yields on most soils de- 1 yeased as  the  yields of grass grown without pho!phate increased. That  
is, as  a rule, the greater the deficiency of the  soil in phosphate f o r  t he  
grbwth of the grass, the greater was the relative effect of t he  super- 
phosphate upon yields. Other factors interfered with this relation, as  

, pointed out above. 

1 The quantity of superphosphate used considerably affected the yield of 
the grasses and only slightly increased the percentage of phosphoric acid. 

I The application of superphosphate increased the production of grass with- 
out increasing the phosphoric acid content sufficiently to meet the re- 
quirements of grazing beef animals (0.33%) in 22 of the 26 tests. In 4 1 of the tests, the percentage of phosphoric acid was increased sufficiently for  

I this purpose. The black finger grass grown on the Reinach silt loam, 
Nimrod fine sand, Wilson clay loan1 and the Norfolk fine sand contained 

1 sufficient percentages of phosphoric acid (over 3 3 % )  but Bermuda grass 
on all soils did not. Yields of Bermuda grass were much greater than 
yields of black finger grass. The application of a limited amount of 
superphosphate, although increasing the yield, may not greatly increase 
the percentage of phosphoric acid in the grasses. Other work presented 
later shows that  this increase may be secured when sufficient quantities 
of superphosphate a re  applied. 

Rock phosphate produced much smaller increases in yield and percentage 
of phosphoric acid in the grasses than those produced by superphosphate. 



Table 5. Relation of chemical composition of soils to response of black finger grass to application of snperphosphate 

Total yield in Increase in Phosphoric acid Phosphoric acid Increase in 
dry matter yield due to in dry matter in dry matter phosphoric acid 

Level of constituent in soils phosphate due to phosphate NZ.~ I super gm. N F ~  I super mgm. 
&!m. '70 -- mgm. 

Active phosphoric acid 
0 to30p .p .m. .  . . . . . . . . . . . . . . .  14.8 49 .8  35.0 .20 .26 29.6 128.8 

31 to 100 p.p.m. . . . . . . . . . . . . . . .  31.4 1'1 . 6  .26 .32 
99.2 

43.0 
Over100p.p.m 41.5 

81 .4  138.4 57.0 
51.1  . . . . . . . . . . . . . . . . .  9 . 6  .28 .32 115.4 154.0 37.6 

Total phosphoric acid 
0 t 0  . 0 ~ 0 7 0  . . . . . . . . . . . . . . . . . . . .  26.3 44.1 17.8 .25 
.051 to . l o o % .  31.7 66.6 136.1 

.31 69.5 
44.6 . . . . . . . . . . . . . . . .  12.9 .26 .32 

Over.100% 32.7 
83.0 138.5 55.5 . . . . . . . . . . . . . . . . . . .  56.0 23 .:$ .25 .27 81.8 153.5 71.9 

Basicity 
Under 2%.  . . . . . . . . . . . . . . . . . . . .  26 .3  44.1 17.8 .25 
Over 2 % .  . . . . . . . . . . . . . . . . . . . . .  32.2 50.3 18.1 .26 .29 82.4 66.6 146.1 136.1 63.7 

.31 69.5 
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The increases due to rock phosphate a re  so low that  the use of rock pho 
phate is not justified. 

The percentage of the added phosphoric acid recovered from supe 
phosphate averaged 33.5% with black finger grass and 45.2% with Bermuc 
grass. The apparently higher recovery by Bermuda grass may be dl 
in part  to  phosphate residues from the preceding year. Recovery 4 

phosphoric acid from rock phosphate averaged 4.170 and 2.770, but tl 
average would be much lower than this, if the 3 tests in which recovei 
was high were excluded. 

The average relation between the  composition of the soils and the effect 
of the superphosphate on black finger grass is shown in Table 5. Averages 
for the unfertilized soils show a close relation between active phosphoric 
ncid in the soil and yield and percentage of phosphoric acid in the grass 
grown on them, but not between the total phosphoric acid in the soil and 
the response. As the active phosphoric acid in the soil increased, the 
yield of grass, percentage of phosphoric acid, and weight of phosphoric 
acid in the crops from the unfertilized soils markedly increased, and the 
increases due to superphosphate decreased. Although the yields and the 
phosphoric acid in the crops from the unfertilized soils differed widely, 
differences among the  fertilized soils were much smaller. The addition 
of phosphoric acid in the superphosphate had offset considerably the 
differences in available phosphoric acid in the unfertilized soils. Total 
phosphoric acid and basicity in the  soils were of minor importance in 
determining the  response to  superphosphate. 

Effect of Phosphates on Different Species of Grasses 

The effect of differences in species of grasses upon the response to  
phosphates was studied by growing several species on two samples of 
Lufkin fine sandy loam. In  the first set, one-half of the phospl~ate was 
mixed with soil 65031 at the  s ta r t  of the work in April, 1942, and the  
second half was broadcast on the pots in August. Plants of Dalli 
Georgia, and Johnson grasses were set out and seeds of 11 other specic 
were planted on April 29. In  the second set, all of the  phosphate W E  

rnised with soil 66401 a t  the s ta r t  of the  work in March, 1943, and seec 
of seven species were planted on March 10. Results secured in this er 
periment are given in Table 6. 

Yields on the soils without phosphate averaged nearly the same (16. 
and 20.8 grams) on the two soils, but ranged from 7.8 t o  26.4 grams o 
soil 65031, and from 12.2  to 31.1 grams on soil 66401. The  wide diJ 
ferences indicate tha t  some of the  grasses were lower than others i 
their capacity to utilize soil phosphates. With superphosphate, yield range 
from 33.9 to  51.2 grams on soil 65031 and from 51.6 to 82.7 grams on soil 
66401; average yields for  the two soils were 40.5 grams and 75.2 granis, 
respectively. The differences between the two soils may be due partly 
to difference in season, including period of growth, partly to differences 
in the two soils, and partly to  the  difference in the method of z 



Table 6. Effect of superphosphate (200 mgm. PzOs) and rock' phosphate (400 mgm. PzOa) on total yield of dry matter and phosphoric acid in 
different species of grasses 

Weighted average percentage 
Total yield of dry matler of phosphoric acid in Recovery of 

dry matter phosphoric acid added 
Kind of grass 

o n  1 u 1 Rock 
"To 70 

Lufkin fine sandy loam 65031 
Rlack finger grass.. . . . . . . . . . . . . . . . . . . . . . . .  
Hhodes grass. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bermuda grass.. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  Yellow beard grass..  
. . . . . . . . . . . . . . . . . . . . . . . . . .  .lohnson grass..  

Angleton grass..  . . . . . . . . . . . . . . . . . . . . . . . . .  
Curly mcsquite grass. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  Fcathcr fingcr grass.. 
Carpetgrass . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ribbed paspalum grass.. . . . . . . . . . . . . . . . . . .  
Sitleoats grama grass.. . . . . . . . . . . . . . . . . . . . .  
Georgia grass. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dallis grass*. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\Vceping love grass*. . . . . . . . . . . . . . . . . . . . . .  

Lufkin fine sandy loam 66401 
Sideoats grama grass.. . . . . . . . . . . . . . . . . . . . .  
Ruffalo grass..  . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Black finqcr grass..  
liihhed pispalurn grass: : . . . . . . . . . . . . . . . . . .  
I3crmuda grass.. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  Yellow beard grass.. 
Ilhodcs grass. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I I 

*Plants died before Aug. 4, when second one-half of phosphate was applied. 
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of the phosphates. The higher yields were obtained on soil 66401, which 
received all of the phosphate in a single application. Both superphosphate 
and rock phosphate increased the percentage of phosphoric acid in the 
grasses, but in no case up to .33% needed to  prevent the grasses from 
being deficient in phosphoric acid for  range animals. The percentage of 
phosphoric acid was usually higher with superphosphate than with rock 
phosphate. The differences appear to be due chiefly to differences in 
the ability of the plants to utilize soil phosphates. Superphosphate on soil 
65031 increased the weighted average percentage of phosphoric acid by 
more than .04% in ribbed paspalum, Dallis, yellow beard, carpet, Georgia, 
feather finger, and weeping love grasses, and by .02% or  less in Rhodes, 
Bermuda, sideoats grama, and Johnson grasses. Superphosphates on soil 
66401 increased the percentage of phosphoric acid in all grasses, but the 
increases were small in Rhodes and Bermuda grasses. Percentages were 
lower and increases in percentage caused by superphosphate were greater 
on soil 66401 than on soil 65031. 

The percentage of the added phosphoric acid recovered from super- 
phosphate ranged from 23.2 to  55.0, average 35.0, with soil 66401, and 
with soil 65031, from 54.1 to 71.9, average 60.7. Recovery from rock 
phosphate was also higher on soil 66401 than on soil 65031. Recovery was 
much greater when all of the phosphate was applied in one application 
mixed with soil 66401 than in two applications carrying the  same total 
amount of phosphoric acid, half of which was mixed with soil 65031 and 
the other half broadcast later. 

The high recovery in some grasses was due to  large increases in yield, 
and in  other grasses, t o  smaller increases in yield plus considerable in- 
creases in percentage of phosphoric acid. Fo r  example, superphosphate 
increased the yield of Rhodes grass on 65031 from 9.5 to 48.4 grams but 
increased the percentage of phosphoric acid only from .24% to .26C/c, 
while the yield of ribbed paspalum grass was increased from 21.4 to  51.2 
grams and the  percentage of phosphoric acid froin .17% to .29%. The 
recovery of phosphoric acid w-as considerably higher in ribbed paspalum 
than in any other grass. Results on both soils indicate tha t  ribbed paspa- 
lum is a heavy feeder on phosphoric acid in the soil; this is also shown 
by the large increase in yield of this species due to rock phosphate. Re- 
coveries in black finger and Rhodes grasses were relatively high on both 
soils. Recoveries in Bermuda and yellow beard grasses were high on 
66401 but considerably lower on 65031. The average recovery by all 
species was considerably higher on 66401 than on 65031; par t  of this dif- 
ference is due to higher yields caused by the earlier date of planting 
(March 10 a s  compared with April 29) ,  and part  to  the fact  tha t  only 
one-half of the phosphate had been added to  65031 throughout the  early 
par t  of the growing season. 

Results of this experiment furnish information concerning several im- 
portant practical points. Although superphosphate applied to  these phos- 
phorus-deficient soils greatly increased the total amount of phosphoric 



Table 7. Effect of superphosphste (200 mgm. PzOb) and rock phosphate (400 mgm. P2Oa) on yield and phosphoric acid in grasses at different dates ' 
H 

Date of clipping 

Soil 65031 * 
6/  5/42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6/22/42. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 /  3/42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9/16/42". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11/ 3/42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I I I I I I 
*One-half of phosphate ndS,ed to  65031 a t  start  and one-half on Aug. 4. Recovery calculated from total quantity added. 3 

A"All of phospllate added a t  s tar t .  5 
V) 
4 
?- 
2 
0 
z 

Total yield of dry mat ter  

Soil 66401** 
5/26/43 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6/30/33 
8 / 4 / 4 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9/15/43 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11/ 2/43 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 . 7  
2 .1  
4 . 5  
2 . 6  
4 .2  

15.1 

Weighted average percentage of 
phosphoric acid in dry matter 

1 .O 
5 . 4  
3 .3  
4 . 0  
6 . 6  

20.9 

Recovery of 
added pllosphoric acid 2 to 

7 . 7  
4 . 6  
8 . 2  

10.5 
10.2 

41.2 

None 1 S 
7% % 2 

X 

12.3 
16.1 
13.3 
8 . 6  

17.8 

68.1 

3 . 2  
4 .5  
6 . 6  
3 . 7  
6 . 3  

24.3 

5 . 0  
12.0 
11.4 
7 .8  

15.7 

51.9 

.26 

.22 

.21 

.23 

.20 

.22 

.25 

.15 

. I 7  

.15 

.14 

.16 

.27 

.20 

.26 

.28 

. 2<5 

.27 

. 30  

. 2.5 

.24 

.22 

. I f; 

.23 

.29 

.24 

.23 

.24 

.21 

.24 

.30 

.18 

.22 

.1H 

.18 

.20 

7.9 
4 . 3  
5 .7  

12.0 
8 . 6  

38 .5  

* m 
1 . 2  
1 . 5  * 
1 . 5  
0 . 8  
1 . 2  s 6 . 2  cj 

c! 

16.9 
15.7 
12.5 

6 . 3  
I) . 3  

6 0 . 7  

3 .1  12 
3 . 4  t' 
4 . 5  p! 
2 . 1  g 
4 . 8  vj 

M 
17.9 
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acid in the clippings, the increase in some species was due almost entirely 
to increases in yield, and in other species was due to a considerable in- 
crease in both yield and percentage of phosphoric acid. The botanical 
composition of a pasture may influence to a considerable degree the nature 
and degree of the response to applications of superphosphate. One large 
application of superphosphate caused greater increases in both yield and 
percentage of phosphoric acid than did two small applications carrying 
the same total amount of phosphoric acid. The relative order of different 
species of grasses in their response to superphosphate may differ con- 
siderably on different soils. 

Effect of Phosphates on Yield and Composition a t  Different Dates 

The previous discussion was based cn thz total yields from 5 clippings 
secured throughout the growing season. The results averaged according 
to date of clipping are presented in Table 7. Averages for  soil 65031 were 
calculated for only eight grasses of which clippings were secured a t  all 
dates shown in Table 7; all grasses on soil 66401 were clipped a t  all dates. 

Superphosphate greatly increased the yields a t  all dates. At the first 
clipping, good yields were secured from superphosphate pots, but yields 
from unfertilized pots were very small. The first clipping on unfertilized 
pots represented about 10% of the total yield on soil 65031 and 5% on 
soil 66401, compared with about 25% from superphosphate pots. At the 
first clipping, increases due to superphosphate were several times those 
due to rock phosphate. This is in agreement with the work of DeTurk 
(14), who stated that  phosphoric acid in superphosphate is available to 
young seedlings but that  in rock phosphate is not available. At  later clip- 
pings, differences between superphosphate, rock phosphate, and no phos- 
phate were smaller. Following the broadcast application of the second 
one-half of the phosphates to soil 65031, superphosphate again greatly in- 
creased the yield, but rock phosphate had little effect. During the first 
part of the growing season (April, May, June, July), the grasses on soil 
66401 had twice as much phosphoric acid in superphosphate as  those on 
soil 65031, and this resulted in much greater relative increases in yield in 
the first 3 clippings. The beneficial effect of the greater amount of 
phosphoric acid available during the early part of the growing season 
is also shown by the increases in total yield. Superphosphate increased 
the average yield on soil 65031 by 2.7 times, and on soil 66401 by 3.3 
times. 

The average precentage of phosphoric acid in the first clipping was 
not significantly increased by superphosphate on soil 65031, but was in- 
creased on soil 66401. All of the phosphoric acid taken up by the young 
plants from the smaller amount of phosphate on 65031 was used in pro- 
ducing additional plant material, whereas, when twice the amount of 
superphosphate was applied on soil 66401, the additional phosphoric acid 
not only caused a rnuch greater relative increase in yield of the young 
plants, but also caused a significant incpease in percentage of phosphoric 



kary of perc 

Experiment 

osphoric ac 

Num1,er 
of pairs 

ifferent soils (32% rock) 
Black finger grass. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Berrnutla grass 

I l i f f  crent grasses 
Soil 65031 (3276 rock). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Soil 66401 (34% rock).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

All cxperiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 

gphate and rock phosp hate 

n ,.- 
Rock 
-- 

1 .O!) 
:J . $13 

nllean percentage 
recovered 

Super 
-- 

30.8 
46.3 

- 

. 35 

. 16 

Rock 

3 . 3  
0 . 6  

Standard dcviation 

Super 

11 .O 
7 . 5  

Rock -- 

3 . 6 
2 . 3  
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acid in the dry matter. The percentage of phosphoric acid in the grasses 
was much lower in the later clippings than in the first one, and differences 
in the percentage of phosphoric acid caused by the fertilizers were greater. 
Recovery of phosphoric acid from superphosphate applied in one applica- 
tion to soil 66401 decreased with each succeeding clipping except the last, 
chiefly because of the decreases in yield. 

Recovery of Phosphoric Acid in Superphosphate Campared with 
tha t  in Rock Phosphate 

Data secured in 42 paired comparisons made in this work a re  sum- 
n~arized in Table 8. The average percentage of recovery of phosphoric 
acid added in superphosphate in the different experiments ranged from 
30.8 to 60.7, and in rock phosphate, from 0.6 to  17.9. Recovery of phos- 
phoric acid in superphosphate applied to different soils and grasses varied 
considerably, but the coefficient of variation for  superphosphate was al- 
ways much smaller than tha t  for  rock phosphate. A considerable per- 
centage of the phosphoric acid added in superphosphate was recovered 
in every comparison; none of tha t  added in rock phosphate was recovered 
on a number of the  soils with Bermuda grass, and only small percentages of 
the phosphoric acid added in rock phosphate were recovered in any com- 
parison. The average recovery of phosphoric acid from one rock phos- 
phate (17.8%) was about three times tha t  recovered from another rock 
phosphate (6.1%) on the same soil; companion averages for  superphos- 
phate were 60.7% and 31.456. The averages given in  Table 8 show tha t  the  
recovery of phosphoric acid from superphosphate was always several 
times that  from rock phosphate. 

Effect of Different Amounts of Phosphates on Yields and Composition 
of Grasses 

The phosphoric acid in superphosphate containing 200 mg. of phos- 
phoric acid was used by the grasses for growth, if other conditions favored 
it, with little increase in the percentage of phosphoric acid in the grass. 
An experiment was also conducted in which different amounts of phos- 
phoric acid in superphosphate (200, 400, 800, and 1,600 mgm.) and in 
rock phosphate (800 and 3,2C\O n~gm.)  were added to  Lufkin fine sandy 
loam 66401. Each treatment was made in triplicate. Weighed amounts 
of Bermuda and Rhodes grass seed were planted on March 22, 1944. From 
this point, the procedure was the same is in previous experiments. Re- 
sults secured are shown in Table 9. 

The lowest amount of superphosphate (200 mg. phosphoric acid) greatly 
increased the yields. The percentage of phosphoric acid in the dry matter 
was increased in Rhodes grass, but  was not increased in Bermuda grass. 
As the amount of superphosphate increased, both yields and percentages 
of phosphoric acid also increased, but the relative effect upon yield de- 
creased while tha t  upon percentage of phosphoric acid increased. Phos- 
phoric acid in the dry matter reached a maximum of .47% in Bermuda 
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Effect of different amounts of superphosphate and rock phosphate upon tot 
and phosphoric acid in Bermuda and Rhodes grasses 

a1 yield 

Total  yield of 
d ry  mat ter  

Rm. 

Percentage of 
phosphoric acid 
in dry matter 

S:/o 

Recovefy of, 
phosphoric acid 

adgcd 
/ C  

Bermuda grass 
. . . . . . . . . . . . . . . . . .  N o  phosphate. 

Superphosphate (200 mg. PzOS) . . . .  
. . . .  Superphosphate (300 mg. PsOa) 

Superphosphate (800 mg. PzOS) . . .  
Superphosphate (1600 mg. PnOa) . . .  
Rock phosphate (809 mg. PzO6). . . .  
Hock phosphate (32130 mg. PzOS). . .  

Rhodes grass 
No phosphate. . 
Superphosphate 
Superphosphate 
Superphosphate 
Superphnsphate 
!Joe!< phosphate 

osphate 

. . . . . . . . . . . . . . . . .  
(200 mg. PzOa) . . . .  
(400 mg. P ~ 0 a ) .  . . .  
(800 mg. P ~ 0 5 ) .  . . .  
(1600 mg. PzOa) . . .  
(800 mg. PzOs). . . .  
(3200 mg. PzOs). . .  

xrass and -5970 in  Rhodes grass: Sufficient applications of superphosphate 
Increased the percentage of phosphoric acid appreciably above the ininimun? 
percentage (0.33v0) required for  the adequate nutrition of range cattle. 

Rock phosphate even in large amounts, increased yields much less than 
did snlaller amounts of superphosphate, and had allnost no effect on the 

ge of phosphoric acid in the grasses. Rock phos] s not a 
fertilizer for  pasture land. 

percenta 
suitable 

Value of Other Phosphates 

In addition to superphosphate and roclr phosphate used for the seven 
grasses grown on Lufkin fine sandy loam 66401 (Table 6 ) ,  several other 
phosphates were used in order to estimate their relative value. Two 
hundred milligrams of phosphoric acid were added in an1lnonium phos- 
phate and in calciunl metaphosphate; 400 milligrams of phosphoric acid 
were added in finely ground rock phosphate (32% total P205), defluorinated 
rock phosphate (29.8% total P20,), and basic slag (13.4% total P2O:). 
Average results with-each of these phosphates are compared with those 
with superphosphate and rock phosphate to Table 10. 

Results with ammonium phosphate and calciunl -metaphosphate were 
practically the  same a s  those with superphosphate. Results with finely 
ground rock phosphate and soft rock phosphate with colloidal clay were 
similar t o  those with ordinary rock phosphate. DefIuorinated rocli phos- 
phate and basic slag caused increases in yield and percentage of phosphoric 
acid considerably greater than those caused by superphosphate carrying 
one-half a s  much phosphoric acid. The phosphoric acid in defluorinated 
rock phosphate and basic slag was nearly a s  available as  tha t  in super- 
phosphate and several times a s  available as  tha t  in the rock phosphate. 
The phosphates used may thus be divided into two groups based upon the  
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30 p 
Supe 
4 

: 11. Effect of dicalcium phosphate (412 mgm. P&a) upon total yield and phosphoric 
acid in four grasses 

Table 10. Effect of different phosphates upon total yield and phosphoric 
acid in 7 grasses 

Recovery of 
phosphoric 

- acid 
/o 

Total  yield of 
dry  mat ter  

Percentage 
of phos- 

phoric acid 
in d ry  
mat ter  

% 

1 
.23 
.22 

.22 

.19 

.20 

.21 

hosphatc . . . . . . . .  
rphosphate . . . . . . .  

:\nirr~on~urn phosphate. 
Calcium meta- 

phosphate . . . . . . . . . .  
Rock phosphate. . . . . .  
Finely ground rock 

phosphate . . . . . . . . . .  
Soft rock phosphate..  . 

~orinated rock 
~ p h a t e  . . . . . . . . . .  
: slag..  . . . . . . . . . .  

Percentage of 
phosphor~c acld 
in dry  mat ter  

availability of their phosphoric acid. Phosphoric acid in superphosphate, 
amnlonium phosphate, calcium metaphosphate, defluorinated rock phosphate 
and basic slag was highly available; that in ordinary roelr phosphate, finely 
'ground rock phosphate, and soft rock phosphate with col!oidal clay was 
only slightly available even on this very favorable soil. 

Recovery of 
phosphoric 

acid 

ad$ed ,o 

. . . . . . . . . . . .  
60.7 
60.1 

58.9 
16.9 

19.5 
17. 9 

Total yield 
of d r y  ' 

matter  
gm . 

20.9 
68.1 
70.3 

68.7 
52.0 

54.0 
50.4 

83.9 
79.7 

Phosp,horic 
acld 

added 
mgm. 

0 
200 
200 

200 
400 

400 
400 

400 
400 

Buffalo grass. .  . . . . . . . . . . . . . . .  

Little bluestem grass.. . . . . . . . .  
Sideoats grama grass . .  . . . . . . . .  
Black finger grass. . . . . . . . . . . .  

Dicalciurn phosphate (1 grain of salt or 412 milligrams of phosphoric 
acid) was used in one experiment with a Lufkin fine sandy loam (49075, 
Table 2)  on four grasses. The results are shown in Table 11, principally 
because they were considerably different from those secwed on the other 
two Lufkin fine sandy loams (65031 and 66401). Yields and percentages of 
phosphoric acid in grasses grown on the unfertilized pots of this soil, 
were very similar to those on the other two soils. On this soil, however, 
dicalciunl phosphate caused comparatively small increases in yield and 
very large increases in the percentages of phosphoric acid in the dry 
matter. This experiment again provides evidence indicating that, where 
available phosphoric acid is added to a phosphorus-deficient soil under con- 
dition: where the increases in yield are relatively small, the additional 
vhosphoric acid will be used by the plant to increase the percentage of 

phoric acid in the dry matter. 
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DISCUSSION 

While results of pot experiments in the greenhouse are not directly ap- 
plicable to  field work, they do give valuable inforn~ation concerning cer- 
tain general relations which are applicable. A due appraisal of the results 
secured in pot experiments is thus of practical value. 

Superphosphate: The addition of a limited amount of superphosphate 
to  soils which were deficient in active phosphoric acid resulted in very large 
increases in yields of dry matter. Where the application of superphos- 
phate did not produce large i1:creases in yield, the added phosphoric acid 
was used by the plants to increase the percentage of phosphoric acid in 
the dry matter. Where larger amounts of superphosphate were applied, 
the 'additional phosphoric acid was used to produce some additional dry 
matter, but  most of i t  was used to raise the percentage of phosphoric acid 
in the  dry  matter. The phosphoric acid in superphosphate is  used primarily 
to increase the yield of dry niatter, and secondarily, to increase the per- 
centage of phosphoric acid in the dry matter. Since percentage of phos- 
phoric acid, rather than yield, is the principal factor in satisfactory animal 
production on many Texas pastures, the amount of superphosphate t o  
be added should be sufficient not only to raise the yield to a satisfactory 
level, but also to  raise the percentage of phosphoric acid in the dry mat- 
ter  to a level higher than the minimum requirements for  range animals. 
The amount to  be applied will also be influenced by the amount of active 
phosphoric acid in the unfertilized soil, and by the capacity of the soil 
to fix phosphoric acid in unavailable or slowly available compounds. 

A single large application of superphosphate appears to  be better than 
two small applications carrying the same amount of phosphoric acid. 
Superphosphate should be added a t  a time when the additional phosphoric 
acid will be available to stimulate the growth of seedlings and develop 
them into strong plants before the advancing season brings unfavol-able 
growth conditions. 

Superphosphate greatly increased bloom and seed production in nearly 
all species of grass. The stimulation of seed production following the 
application of superphosphate may be of practical importance, particularly 
on many of our over-grazed or depleted ranges. Superphosphate resulted 
in very greatly increased root systems; under range conditions this would 
be of value in increasing the capacity of the plant t o  secure food and 
water. Superphosphate considerably reduced the loss of seeedlings due 
to "damping off". 

Rock phosphate: The availability of phosphoric acid in rock phosphate 
is much lower than in superphosphate. Rock phosphate significantly in- 
creased yields of black finger grass on only 4 out of 14 soils and on 5 out 
of 15 species of grass grown on a favorable soil. I t  increased the per- 
centage of phosphoric acid in the grasses in only a few cases. Rock phos- 
phate did not cause much increase in either yield or  percentage of phos- 
phoric acid in young grasses. Increasing the amount of rock phosphate 
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or the period of contact with the soil did not result in any further  in- 
crease. In all cases where increases due t o  rock phosphate were secured, 
they were much smaller than those produced by superphosphate carrying 
only half as  much phosphoric acid. Rock phosphate cannot be recom- 
mended for  increasing either the yield or  the phosphoric acid content of 
range grasses. 

Chemical analyses and other work was done by Mr. T. L. Ogier, Waldo 
Walker, and other members of the staff. 

SUMMARY 

Yields of black finger grass and Bermuda grass grown in pot experi- 
ments without phosphate varied widely according to the soil, chiefly due 
to differences in the active phosphoric acid content of the soils. When 
superphosphate was added, the yields were more nearly uniform. The 
effect of the silperphosphate depended on the soil, being greater where the 
soil was more deficient in active phosphoric acid. The application of 
limited amounts of superphosphate increased the yield to a greater extent 
than it increased the percentage of phosphoric acid in the grasses. 

The yield and percentage of phosphoric acid in the grasses was closely 
related to the amount of active phosphoric acid in the soils. 

When 14 species of grasses were grown on the same unphosphated soi!, 
considerable differences occurred among the yields of grass. When super- 
phosphate was added, the differences were much smaller. This indicates 
that the differences were chiefly due to  differences in the capacity of the 
grasses to utilize soil phosphates. 

One application of superphosphate a t  the beginning of the season pro- 
duced larger yields with greater increases in percentage of phosphoric 
acid than the same amount of phosphoric acid added in two applications. 
Small applications of superphosphate usually produced lzlrge increases in 
yield but small increases in the percentage of phosphoric acid in the 
erasses. As the quantity of superphosphate was increased, the efTect on 
the yield was less but the effect on the percentage of phosphoric acid in 
the grasses was greater. Liberal applications of superphosphate pro- 
duced large yields of dry matter containinq good percentages of phos- 
phoric acid. 

Superphosphate stimulated early growth and seed formation. 

Applications of ground rock phosphate increased yields in a few cases, 
but the increases were not nearly a s  great as  those for  superphosphate. 
Ground rock phosphate, even when applied in large quantities, usually 
had little effect upon the percentage of phosphoric acid in the grasses. 

Phosphoric acid in ammonium phosphate, calcium metaphosphate, de- 
fluorinated rock phosphate, and basic slag applied to a slightly acid, 
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T as  ava - l.. 1 

phosphorus-deficient Lufkin fine sandy loam was nearlj ilable zs 1 
that in 20% superphosphate. Phosphoric acid added in Ilnely ground 
rock phosphate or in soft rock phosphate with colloidal clay was no more 
available than that  in ordinary ground rock phosphate. 
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