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The effects of kind and amount of phosphates, kind of soil, and
kind of grass upon the yield and phesphoric acid content of several
grasses were studied by means of pot experiments in the green-
house. :

Superphosphate greatly increased either the yield or the per-
centage of phosphoric acid in the dry matter or both yield and
percentage. The increases in yield were greater where the soils
were more deficient in active phosphoric acid. Small applica-
tions of superphosphate often produced large increases in yield
accompanied by only small increases in percentage of phosphoric
acid in the dry matter. Larger applications produced large in-
creases both in yield and in percentage of phosphoric acid, rais-
ing the percentage well above the minimum required for range
animals. Different species of grasses differed in their capacity
to utilize soil phosphates; differences among the grasses were re-
duced by the application of superphosphate. A large part of the
phosphoric acid added in superphosphate was recovered in the crops.

Ground rock phosphate increased yields in a few cases but had
little effect upon the percentage of phosphoric acid in the dry mat-
ter. Increasing the amount of rock phosphate, the period of contact
with the soil, or the fineness of grinding did not cause any further
increases in yield or percentage. Ground rock phosphate is not
to be recommended for use on pastures.
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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,
40, 42). Studies in Texas have shown that 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 that 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
immedate practical importance. It was therefore considered desirable
to secure further information concerning the effect of different phosphates
on grasses on different kinds of soils. In order to secure more complete
.control over various factors which affect plant growth than is possible
under field conditions, this study was made by means of pot experiments
in the greenhouse.

Several carriers of phosphoric acid are available for use as 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 are 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
from 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 are relatively
high in protein and phosphoric acid.




Table 1. Effect of superphosphate upon yield and percentage of phosphoric acid in forage in field experiments
Yield of Dry matter Phosphoric acid
. . Tons per acre in dry matter Reported in
State Crop Soil series literature
Not i Not Fertilized cited
fertilized Fertilized | fertilized %, % No.
Alabanif o i Herbage Houston . .41 .69 31
Herbage Eutaw . . 523 .44 31
Herbage Norfolk . .24 .43 32
Herbage . Houston . Sy 72 32
Herbage. Decatur. .67 .82 32
Connecticut . . Herbage Charlton .48 .73 10
West Virginia Herbage Dekalb . :38 e, 37
Herbage . Huntmgton .64 .83 37
Herbage Crowiey . .26 .41 20
Washinmgton\ nr o2 o s Alfalfa Ritzville .70 .80 43
Alfalfa Puget..... .64 .70 43
Alfalfa Dungeness .54 .78 43
Alfalfa Winchester v .85 43
Mastonsin: 1. Sar i e Alfalfa Miami . .46 53 28
Alfalfa Gilford .38 .59 28
New Mexico ..| Alfalfa. Gila; . 37 .47 30
0 (313 00 07 s e T e e A Carpet gra: Bladen i h .44 6
Carpet grass Bladen .1 .42 &
Carpet grass Leon.... .39 .50 i
Carpet grass .44 .48 7
South Carolina. ..... ArpEt BESSSL . .U mived 1 Sogsd St R i s .28 .40 13
LORBBS o % yan e G Carpet grass. . .24 .36 24
Connecticut. . ..| Kentucky blu(,g!‘ s .49 vl 3 9
Maryland................| Kentucky bluegrass. .89 ; I b 44
Kentucky bluegrass. .[........ .82 1.00 47
West Virginia... .. ...... Kentueky bluegrass. .| ‘Dékalb sl o o i s i 37 .68 37
Wisconsin . . .. A Kentueky bluegbass ol o irme U i s g e Do sy SR A et e 0 S R o e e A 1
Maryland................| White clover 1.03 1.26 44
White clover... ... .. |.. ... .84 1.02 47
Connecticut . . Sweet vernal .34 .54 9
West Virginia Poverty gras .24 .60 37
Broomsedge . .29 D2 37
Kentucky blucg ’ 37 .68 37
14y e Al B = Angleton grass . <i 5 .19 .26 .34 8
Rhodes grass. . i i 3 4.71 .23 .38 8
Bermuda grass. ... .. 8510 1T, D T 0.25 .52 .30 41 8

S

NOLLVLS INHWIYA4XH TVINLTIADIYDV SVXHAL ZL9 'ON NILIATING




VALUE OF DIFFERENT PHOSPHATES FOR TEXAS SOILS AND GRASSES T

Lespedeza occurred in appreciable amounts on plats of a Crowley clay
loam at Beaumont, Texas (22), which had received superphosphate but
was not important on unfertilized plats. On a Connecticut pasture (9),
white clover amounted to less than 1% of the total forage on unfertilized
plats but contributed up to 55% of the total forage on plats which had
received superphosphate. On another area (10), Kentucky bluegrass
provided 1% of the forage on unfertilized plats, 50% on plats which had
received superphosphate, and 759 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 after applications have been discontinued. Robinson and
Pierre (38), found beneficial effects from the use of superphosphate four
and one-half years after the last treatment. Brown (10) found that vege-
tation from fertilized plats contained 40% more phosphoric acid than
vegetation from unfertilized plats 14 years after an application of 320
Ibs. of phosphoric acid in superphosphate. Ahlgren (1) found that the
yield of mature Kentucky bluegrass from plats which had received 20%
superphosphate at the rate of 400 pounds per acre five years previously
was nearly four times as great as that from the unphosphated plats.

Rock phosphate has usually been found to be less available than super-
phosphate. Mooers (33) reported that rock phosphate gave much lower
returns than superphosphate for oats and hay, that fineness of grinding
beyond that usually employed did not increase availability, and that avail-
ability of rock phosphate did not noticeably increase on long contact with
the soil. Noll and Bechdel (34) reported that applications of rock phos-
phate carrying twice as much phosphoric acid as applications of super-
phosphate gave lower yields than superphosphate in every one of 58
comparisons conducted on pastures in Pennsylvania. Volk (45) reported
that 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 that the phosphorie acid in rock phosphate was
much less available than that from superphosphate. O’Brien (36) re-
ported that superphosphate was much more effective than rock phosphate
in increasing the percentage of phosphoric acid in Kentucky bluegrass and
white clover. DeTurk (14) states that 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 that 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
better than ordinary rock phosphate (18, 45, 46) and contains only about
two-thirds as much phosphoric acid.
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Several other phosphates are or may become obtainable for use as fe
lizers. Calcium metaphosphate is made by burning phosphorus and passing
the combustion products into rock phosphate at high temperature. De-
fluorinated rock phosphate is made by fusing rock phosphate with silica
and quenching the melt. In 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, at present, be recom-
mended on caleareous soils. Ammonium phosphate is a soluble phosphate
in which the phosphoric acid probably has a high availability. Basie
slag, a by-product from the manufacture of steel, has been used in many
areas with variable results, but it contains only about 8 to 12 per cent
of total phosphoric acid and is a low-grade fertilizer. Phosphoric acid
some basic slags may be nearly as avallable on some soils as that in super-
phosphate (33, 35, 39).

Methods

In all of the work reported in this bulletin, 5 kilograms of soil were
weighed into galvanized iron pots, nitrogen and potash (1 gram each of
ammonium nitrate and potassium sulphate per pot) were added to all
pots at the start of the work in March and, in most experiments,
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 that applied in superphosphate. A parallel series of
pots to which no phosphoric acid was added was included in all experi-
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- holding

Table 2. Composition of soils

4 Total Active Basicity
Soil : phosphoric| phosphoric as
No. Soil type \1trogen acid acid CaCOs

% o p.p.m. %
49075 | Lufkin fine sandy loam. el POAD S A e 61 0.3
49663 | Houston black c?z’i sk 127 .070 213 3.6
50300 | Wilson clay loam. 083 .040 49 1.0
50301 | Wilson clay loam. ... R i .065 .030 14 1T
B0 L'Honston elay . - o v v .180 .111 26 =3
50306 | Reinach silt loam........... 0.76 0.94 458 20.0
52320 | Houston black clay......... .102 .106 34 10+
53798 | Nimrod finesand............ .024 .015 64 0.5
93801 | Abilenie €lay ... o it e e o .110 .052 59 10 +
83802 | Frio clay loam ... ../... . 0. .270 .136 449 5.0
53804 | Windthorst fine sandy loan. . . .031 .018 35 0.4
53810 | Blanket clay loan........... .187 . 057 60 15.1
54289 | Norfolk finesand............ 51 skl W CY g S 52 0.3
65031 | Lufkin fine sandy loam....... .059 .025 19 0.3
66401 | Lufkin fine sandyloam.......[.......... .021 19 0.4
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Table 3. Common and botanical names of grasses used

L

Common name Botanical name

Andropogon annulatus
Cynodon dactylon
Chloris cucullata

Angleton grass. ...
ermuds grass. . ..
lack fingergrass

TR e R I s D SR S BN o S il Buchloe dactyloides
TR TN SR S S ST SO A AT R S B T S < Axonopus affinis

urly mesquite grdss Hilaria Belangeri
allis grass. .......... Paspalum dilatatum
eather finger grass. .. e . |Chloris virgata

orgia grass. ........ ;33 .|Paspalum plicatulum
ERESIRPABE LS | . . A REAT a0 47 ¥ -|Sorghum halepense
attle bliestem grass ..|Andropogon scoparius
L ST R e R R e LR S s G Chloris gayana

ibbed paspalum grass Paspalum malacophyllum
ileoats grama grass. . . Sehml . .|Bouteloua curtipendula
eeping love grass. . ............. PRI, -, S . .|Eragrostis curvula

ellow beard grass. .............. BLRs, eog Andropogon ischaemum

capacity of the soil was added. This moisture content was maintained
by weighing the pots every two or three days, making allowance for the
estimated weight of the crops, and adding the amount of water required
to bring the pots to the original weight.

. The grass was usually clipped at intervals of about 6 weeks; several
erops were cut from the same pot. At all but the final harvest, the
grasses 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 at about 45°C., ground in a Wiley mill, and analyzed for phosphorxc
c1d by the volumetric molybdate method (4).

. Analyses of the soils used are shown in Table 2. The common and
botanical names of the grasses used are given in Table 3.

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
physical and chemical characteristics. Black finger grass was grown
the first year on all these soils; Bermuda grass was grown the following
year on ten of the same soils. Both grasses were grown at the same time
on two soils (65031 and 66401) used in other experiments. On black
finger grass, superphosphate (100 mgm. P:0;) or rock phosphate (200
mgm. P.0;) was mixed with the soil in March at the start of the work
ind a second application broadcast on the surface in August. On Bermuda
grass the following year, all of the phosphate (200 or 400 mgm. P.O;)
vas mixed with the soil before planting. The Bermuda grass on ten soils
also had the benefit of the residue of the phosphate applied to black
inger grass. Both grasses were clipped 5 times during the growing
season, ending in November. The total yield of dry matter, the per-
ce tage of phosphoric acid in the dry matter, and the percentage recovery
of the phosphoric acid added are shown in Table 4.

- Because nitrogen and potash were added, the yields without phosphate
ere due chiefly to the phosphoric acid of the soil. If the conditions for




Table 4.

black finger and Bermuda grasses grown on different soils

Effect of superphosphate (200. mgm. P:0;) and rock phosphate (400 mgm. P:0:) on total yield of dry matter and phosphoric acid in

Total yield of dry matter

Weighted average percentage of
phosphoric acid in dry matter

Recovery of

phosphoric acid added

None Super Rock None Super Rock Super Rock

gm. gm. gm. Z) % % %o %

Black finger grass

65031  Lufkin fine sandy loam................ 7.8 39.5 20.9 23 27 23 43 .4 7,
53804 Windthorst fine sandy loam............ 8.3 22.5 111 26 .28 24 20.3 12
50304 -Houston -elay .o o5 e b oule Tl et o 14.1 48.3 18.3 25 .27 26 47.3 3.0
50301 : “Wilsenvelay ‘loam = . 55 in i 16.5 43.4 29.9 18 .28 21 47.0 8.6
66401 Lufkin fine sandy loam................ 20.7 68.0 38.9 22 .24 23 60.8 13.1
503086 - Reinach silt loam-i 7 5o adamg oon v, 22.7 35.6 251 32 .36 30 27.6 1.0
B3798 Nitfirod fine sand o U e i s 23.6 29.8 25:1 23 .33 26 22.6 2.0
523207 Houston black elay’. . . o7 ;s wah T i 26.4 50.5 41.3 21 .24 23 33.0 10.8
B80T Abilenie ey, =0 i | ST e St 27.9 49.3 32.0 23 +29 23 39.7 2.4

54289, “Norfolk fine sand. .. L7 ~iniiil e daesl 30.6 3347 27.0 27 .40 28 26.4 0

49663 Houston blackclay.................0.. 44 .4 48.8 42.0 25 .30 25 16.1 0
05 ) WS YA ST G £ V8 1 iy S iy 45.3 47 .4 42.7 34 .41 38 19.6 1.3
a3802 ¢ Frio [elav omm il 95 o e ks et s 57.5 69.1 63.1 27 .30 28 27.7 L0
53810: Blanket clay loam.............. 7.7 67.6 60.6 23 -3 23 38.0 152
Average e S sl ) Sl 28.8 46.7 34.1 25 31 26 33.5 4.1

Bermuda grass

65031 Lufkin fine sandy loam............. ... . 125 34.3 17 .4 24 .26 27 29.2 4.1

0oa0l: L ADIene Bl i A T e R 22.2 67.9 22.4 .14 .18 .14 41.0 0
66401 Lufkin fine sandy loam................ 22.9 69.3 8H-Ci: .19 23 .21 60.8 18.7

53804 Windthorst fine sandy loam............ 23.7 54.9 18.3 <15 25 .16 51.3 0
50301 Wilseniclay'laam . v wii o D 24.0 57.9 34.9 .15 K iy .14 32.4 S K

49663 Houston black clay.”.............0 ..., 48.3 86.4 49.8 .16 2t .14 53.4 0
50304 Houston clay....,.... b it 52.0 sy i i Dded) .14 i’ i 37,0 =r

50306-"'Reinach silt loamy .. . .o o T 54.1 81.2 54.3 X7 .26 7! 58.3 0

53810 Blanket clay loam. ... ... g g Sy 54.6 83.1 57.1 LA e .13 44 .2 0

52320 . Houston blackeclay............... - .. 64.4 86.5 62.4 .18 23 iy 44.5 0
S0300-~"WSOD - ClaN JOBNN.; .ot L = b o s e i ani 715 89.8 79-2 .19 27 .20 47.0 2.9
53802 - Euorelay eoamt s v o s R R 100.4 11.4 975 .21 .28 23 48.7 4.4
b T L G G R S M R T 47.2 75.0 50.1 17 5 18 45.1 2.7

(128
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3

plant growth were entirely equalized, the yields in the pots fertilized with
superphosphate would be equal in the different soils on which the same
grass was grown under the same environmental conditions. Yields were
‘not equal, but ranged from 22.5 to 69.1 grams:per pot, with an average
of 46.6 grams for the black finger grass, and from 34.3 to 111.1 grams
with an average of 75.0 grams for Bermuda. The differences in yields
Fshow that the conditions for plant growth were not entirely equalized
by the addition of the superphosphate. Some of the soils were much more
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 a Norfolk fine sand (54289), on which
superphosphate the previous year caused small increases in yield and
' considerable increases in the percentage of phosphoric acid in black finger
grass. Bermuda grass seldom grows well on very sandy soils in the
field. The relative growth on the soils was not always the same with
“the two grasses.

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.
They may be due partly to differences between the seasons of 1942 and
1943, partly to the fact that the superphosphate was added in two applica-
tions to finger grass and in one application to Bermuda, and partly to
residual phosphates available to the Bermuda grass.

The effect of superphosphate in increasing yields on most soils de-
creased as the yields of grass grown without phosphate increased. That
is, as a rule, the greater the deficiency of the soil in phosphate for the
growth of the grass, the greater was the relative effect of the super-
phosphate upon yields. Other factors interfered with this relation, as
pointed out above.

The quantity of superphosphate used considerably affected the yield of
- the grasses and only slightly increased the percentage of phosphoric acid.
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
-~ of the tests, the percentage of phosphoric acid was increased sufficiently for
this purpose. The black finger grass grown on the Reinach silt loam,
Nimrod fine sand, Wilson clay loam and the Norfolk fine sand contained
- sufficient percentages of phosphoric acid (over .33%) but Bermuda grass
on all soils did not. Yields of Bermuda grass were much greater than
yvields 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 are applied. '

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

1
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Table 5. Relation of chemical composition of soils to response of black finger grass to application of superphosphate

Total yield in Increase in Phosphoric acid Phosphoric acid Increase in
3 dry matter yield due to in dry matter in dry matter hosphoric acid
Level of constituent in soils phosphate ue to phosphate
None Super gm. None Super None Super mgm.
5 gm. . gm. % % mgm. mgm.
Active phosphoric acid
EOBOIpD T e, SOl e e 14.8 49.8 33.0; .20 .26 29.6 128.8 99.2
S1gtol 00D D I SR ARl I B 31.4 43.0 11.6 .26 .32 81.4 138.4 57.0
OVer 100 P-Da8 o0 ot oo 45 41.5 ST 9.6 .28 O 116.4 154.0 37.6
Total phosphoric acid
QDO T m s M e e 26.3 44 .1 2D .31 66.6 136.1 69.5
HOBT 40 300 | - A 31.7 44.6 12.9 .26 .32 83.0 138.5 59.5
OV D00 Tolsyesits it 35 T o o 3247 56.0 .25 .27 81.8 153.5 71.9
Basicity :
TIRQer- 2 O i s e 26.3 44 1 17.8 .25 31 66.6 136.1 69.5 2
OYer BChRs R tongt w8 SA Gl gt on 32.2 50.3 18.1 .26 .29 82.4 146.1 63.7
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The increases due to rock phosphate are so low that the use of rock phos-
phate is not justified.

The percentage of the added phosphoric acid recovered from super-
phosphate averaged 33.5% with black finger grass and 45.2% with Bermuda
grass. The apparently higher recovery by Bermuda grass may be due
in part to phosphate residues from the preceding year. Recovery of
phosphoric acid from rock phosphate averaged 4.1% and 2.7%, but the
average would be much lower than this, if the 3 tests in which recovery
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
acid 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 phosphorie
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 phosphate was
mixed with soil 65031 at the start of the work in April, 1942, and the
second half was broadcast on the pots in August. Plants of Dallis,
Georgia, and Johnson grasses were set out and seeds of 11 other species
were planted on April 29. In the second set, all of the phosphate was
mixed with soil 66401 at the start of the work in March, 1943, and seeds
of seven species were planted on March 10. Results secured in this ex-.
periment are given in Table 6.

Yields on the soils without phosphate averaged nearly the same (16.3
and 20.8 grams) on the two soils, but ranged from 7.8 to 26.4 grams on
soil 65031, and from 12.2 to 31.1 grams on soil 66401. The wide dif-
ferences indicate that some of the grasses were lower than others in
their capacity to utilize soil phosphates. With superphosphate, yield ranged
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 grams,
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 application




Table 6. Effect of superphosphate (200 mgm. P:0;) and rock phosphate (400 mgm. P;0;) on total yield of dry matter and phosphoric acid in
different species of grasses

i Weighted average percentage
Total yield of dry matter of phosphoric acid in Recovery of
i dry matter phosphoric acid added

Kind of grass

None Super Rock None Super Rock Super Rock
gm. gm. gm. %o o % % %

Lufkin fine sandy loam 65031
Blatlk BD@er @rafs. oo e w1 s T w1ty 7.8 39.5 20.9 23 27 223 43.4 T
BHodes @IBEe 01 L s e % R 9.5 48 .4 27.8 24 .26 .21 50.5 8.5
Bermita gERsl ) L L A 12.5 34.3 17.4 24 .24 2 29.2 4.1
Nellow Delrd Brass; fosi o a b o s o b s o 133 25.0 22.9 22 .29 25 35.1 6.8
JORANOI gAY 13.5 36.3 26.4 23 .24 .21 24.1 6.0
P E 0T T STy TR e LR g S Py i S 16.0 339 21.0 21 24 s23 23.2 3.7
Curky tnesdnite grasi. . . U0 L E 16.7 34.6 22.5 21 24 <22 24.7 3.8
Featherdingar gragge i 600 4 L 2 il sl 18.0 45.6 28.5 20 26 .23 41.6 7.3
Carper e iR G o oh S 3 0 e s S 18.8 3741 24.0 21 28 .26 32.1 6.0
e R e R T e e aac 21.4 512 30.1 17 29 23 H$5.0 8.2
S1deORlS EYATA @LASS 75 i iear s o Vo v N i b 21.5 49.6 335 20 21 SR 31.4 7.4
Sy O e S R R e gl . 26.4 41.2 30.1 21 .28 .23 29.4 312
Wallissgraga® o0y o SO ey e 8.5 147.5 12.2 22 .30 + 34.2 7.0
Weepthu loye - grass¥ .. iNc | ol vy v d 10x3 18.7 14.2 23 .29 25 29.6 5.8

Lufkin fine sandy loam 66401
Bideonls grama f@PARS T G ot st e s 12:2 55.3 40.7 17 23 .24 54.1 19.2
PaftRlon el e e A e 13.9 51.6 42.9 19 27 " 25 56.3 19.7
Blaek: Sger @il o ' iy 4 en o T 20.7 68.0 38.9 Y 23 v 23 60.8 1371
Ribbed Daspalntn Srass. . v s o e ohh e o s 20.9 80.8 71.6 o 22 .19 71.9 25.7
Beérmudarorasy - o0 ol Ul s Sy ) 22.9 69.3 55.7 .18 23 21 60.8 18.7
X oW DRATd T aBS. L, e s s b s Sy Fe eH s 23.7 78.7 53.2 <14 20 .19 64.2 177
{018 O b L e s sl e el 31.1 82.7 60.3 .14 19 .14 57.0 21.6

*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, to smaller increases in yield plus considerable in-
creases in percentage of phosphoric acid. For 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 .26%,
while the yield of ribbed paspalum grass was increased from 21.4 to 51.2
grams and the percentage of phosphoric acid from .17% to .29%. The
recovery of phosphoric acid was considerably higher in ribbed paspalum
than in any other grass. Results on both soils indicate that 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; part of this dif-
ference is due to higher yields caused by the earlier date of planting
(March 10 as compared with April 29), and part to the fact that only
one-half of the phosphate had been added to 65031 throughout the early
part 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
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Table 7. Effect of superphosphate (200 mgm. P20;) and rock phosphate (400 mgm. P20;) on yield and phosphoric acid in grasses at different dates

*#0One-half of phosphate added to 65031 at start and one-half on Aug. 4. Recovery calculated from total quantity added.
#%All of phosphate added at start.
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i
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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 te superphosphate may differ con-
siderably on different soils.

Effect of Phosphates on Yield and Composition at Different Dates

The previous discussion was based on the 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 at all
dates shown in Table 7; all grasses on soil 66401 were clipped at all dates.

Superphosphate greatly increased the yields at 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 broadecast 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 much greater relative increase in yield of the young
plants, but also caused a significant increase in percentage of phosphoric




Table 8. Summary of percentage recovery of phosphoric acid added in superphosphate and rock phosphate

Mean percentage

Coeflicient of

Number recovered Standard deviation variation
Experiment of pairs
Super Rock Super Rock Super Rock
Different soils (32% rock)
5 1 T g P e et e AT S i e 11 30.8 3.3 11.0 3.6 “30 1.09
Bernd Srase v o U i M i s e E s 10 46.3 0.6 7.5 2.3 .16 3.93
Different grasses
Soil G003 T WI200 TRCk) ol e Shis e ) ol Sl 14 31.4 6=l 12.9 3.1 .41 51
S0 I66A0T 13495 Foek) o sl L e S R R e 7 60.7 17.9 6.1 4.8 .10 27
AP ERINERES o . o R N R S e 42 39.7 6. ¥5:1 4.4 .38 73
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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 Compared with
that in Rock Phosphate .

Data secured in 42 paired comparisons made in this work are sum-
marized 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 (.6 to 17.9. Recovery of phos-
phorie acid in superphosphate applied to different soils and grasses varied
considerably, but the coefficient of variation for superphosphate was al-
ways much smaller than that for rock phosphate. A considerable per-
centage of the phosphoric acid added in superphosphate was recovered
in every comparison; none of that 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 that recovered from another rock
phosphate (6.1%) on the same soil; companion averages for superphos-
phate were 60.7% and 81.4%. The averages given in Table 8 show that 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 3,200 mgm.) 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 that upon percentage of phosphoric acid increased. Phos-
phoric acid in the dry matter reached a maximum of .47% in Bermuda
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Table 9. Effect of different amounts of superphosphate and rock pimsphate upon total yield
and phosphoric acid in Bermuda and Rhodes grasses

L - Percentage of Recovery of
Total yield of | phosphoric acid | phosphoric acid
dry matter in dry matter added
gm. % %
Bermuda grass
Bhosphate, &L o o2 rasl Wi 39.:5 A8 T WAl 5 L ST
Superphosphate (200 mg. P:0s) . .. . B2:5 .18 47.5
Superphosphate (400 mg. P2Os) ... . 59.9 .24 27.9
Superphosphate (800 mg. P:0s) . .. . 72.8 .82 25.0
Superphosphate (1600 mg. P20s) ... 76.4 47 22.5
Rock phosphate (800 mg. P205) .. .. 25.0 .18 142
Rock phosphate (3200 mg. P205).. . 833 .18 0.8
Rhodes grass

BNOIRhoShhate’ - of, il R 26.1 | HIF A Ba Fll, 8 | e Y
Superphosphate (200 mg. P:0s) ... . 59.4 <22 43.2
Superphosphate (400 mg. P20s). .. . 81.3 124 38.6
Superphosphate (800 mg. P:0s) ... . 91.9 =3 30.7
Superphosphate (1600 mg. P:0s) . .. 95.0 .99 32.2
Rock phosphate (800 mg. P:0s) . ... 32.8 5 1.6
Rock phosphate (3200 mg. P:05).. . 3032 .18 0.6

grass and .59% in Rhodes grass: Sufficient applications of superphosphate
increased the percentage of phosphoric acid appreciably above the minimum
percentage (0.33%) required for the adequate nutrition of range cattle.

Rock phosphate even in large amounts, increased yields much less than
did smaller amounts of superphosphate, and had almost no effect on the
percentage of phosphoric acid in the grasses. Rock phosphate is not a
suitable fertilizer for pasture land.

Value of Other Phosphates

In addition to superphosphate and rock 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 ammonium phos-
phate and in calcium metaphosphate; 400 milligrams of phosphoric acid
were added in finely ground rock phosphate (32% total P.Os), defluorinated
rock phosphate (29.8% total P.0:), and basic slag (13.4% total P.0:).
Average results with-each of these phosphates are compared with those
with superphosphate and rock phosphate to Table 10.

Results with ammonium phosphate and calcium metaphosphate were
practically the same as those with superphosphate. Results with finely
ground rock phosphate and soft rock phosphate with colloidal clay were
similar to those with ordinary rock phosphate. Defluorinated rock phos-
phate and basie slag caused increases in yield and percentage of phosphorie
acid considerably greater than those caused by superphosphate carrying
one-half as much phosphoric acid. The phosphoric acid in defluorinated
rock phosphate and basic slag was nearly as available as that in super-
phosphate and several times as available as that in the rock phosphate.
The phosphates used may thus be divided into two groups based upon the
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Table 10. Effect of different phosphates upon total yield and phosphoric
acid in 7 grasses

Percentage
Phosphoric | Total yield | Increase in of phos- Recovery of
acid of dry | yield due to | phoric acid | phosphoric
added matter phosphate in dry acid
mgm. gm. gm. matter adglcd
0 o
No phosphate. . ...... 0 205015 AL i A i ¥ e SEEIT T S 0
Superphosphate.. ..... 200 68.1 47.2 23 60.7
Ammonium phosphate. 200 70.3 49 .4 o 60.1
Calcium meta-
phosphate......wi.. 200 68.7 47.8 S22 58.9
Rock phosphate. . . ... 400 52.0 31.1 .19 16.9
Finely ground rock
phosphate.......... 400 54.0 33.1 .20 19.5
Soft rock phosphate. . . 400 50.4 29:.5 21 17.9
Defluorinated rock 4
phosphate.......... 400 83.9 63.0 25 43.7
Basic slag....... e 400 79.7 58.8 .26 43.8

Table 11. Effect of dicalcium phosphate (412 mgm. P20;) upon total yield and phosphoric
acid in four grasses

Total yield of Percentage of
dry matter phosphoric acid Recovery of
in dry matter phosphoric
acid added
None Phosphate None Phosphate %
gm. gm. ) %o
BROITAIONGIAaBS . .+ . 3 Cab By o ¢ 107 18.1 230 .50 14.1
Little bluestem grass.......... 22.8 24.0 23 .44 12:3
Sideoats grama grass.......... 24.7 33.9 .20 ERYY 18.3
Black -finger grass:. «i.iheoess 25.0 80:9 .29 .50 20.1

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

Dicalcium phosphate (1 gram 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 secured 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,
dicalcium 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-
ditions where the increases in yield are relatively small, the additional
phosphoric acid will be used by the plant to increase the percentage of
phosphoric 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 information 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 increases 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 it 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 matter, 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 to
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 at a time when the additional phosphorie
acid will be available to stimulate the growth of seedlings and develop
them into strong plants before the advancing season brings unfavorable
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 cur 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 to 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. It 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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F or the period of contact with the soil did not result in any further in-
crease. In all cases where increases due to 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.
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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 superphosphate 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 phosphoriec acid in the soils.

When 14 species of grasses were grown on the same unphosphated soil,
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 at the beginning of the season pro-
duced larger yields with greater increases in percentage of phosphorie
acid than the same amount of phosphoric acid added in two applications.
Small applications of superphosphate usually produced large increases in
yield but small increases in the percentage of phosphoric acid in the
grasses. As the quantity of superphosphate was increased, the effect 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 containing 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 as 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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phosphorus-deficient Lufkin fine sandy loam was nearly as available as
that in 20% superphosphate. Phosphoric acid added in finely ground
‘rock phosphate or in soft rock phosphate with colloidal clay was no me
available than that in ordinary ground rock phosphate.
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