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Use of Phosphoric and Sulfuric Acids to Reduce Soil Crusting
and Improve Emergence of Sugarbeet Seedlings

Robert E. Dennis Extension Agronomist and Bwarama B. Wudiri,

Graduate Studenii, Department of Plant Sciences, University
of Arizona

Abstract

This research was conducted in two laboratory and nine on -farm exper-
iments to determine the effectiveness of sulfuric and phosphoric acids as
surface -applied soil amendments to reduce soil crusting and improve sugar-

beet seedling emergence. Application of 35 to 140 gal. 24% phosphoric acid
per acre in 3 in. and 2 in. bands over rows seeded to sugarbeets increased
seedling emergence in some of these experiments and significantly increased
phosphorus content of seedlings. The application of 20 to 60 gal. 95% sul-
furic acid reduced soil crusting., The action of sulfuric acid also resulted
in concentration of soluble salts in the seed zone thereby inhibiting or
killing seedlings.

Review of Literature

Soils are susceptible to crusting when the surface structure is easily

destroyed. According to Robbins, Carter and Leggett, there are three
mechanisms in soil crust formation. These are (a) mechanical destruction
of aggregates, (b) washing of fine particles into the interaggregate spaces
and (c) rupture of soil aggregates by air entrapped in previously dry soil
particles. In saline, calcareous soils saturating cations influence
dispersion and floculation thereby intensifying soil crusting. In saline,
calcareous soils sodium bound to the soil adsorption complex under moist
conditions, causes soil particles to disintegrate. These soils, under dry
conditions, form hard crusts and sometimes crack. Soil crusting becomes
a problem when it presents a barrier for emerging seedlings.

The most frequently used method of minimizing soil crusting and
improving seedling emergence has been the application of frequent irrigations
to keep the surface soil moist. Johnson and Law found that application of
70 gal. 95% sulfuric acid per acre in 1.5 to 2.0 in. bands over the seed
row reduced soil crusting and increased seedling emergence by 42 to 50 %.
Robbins et al. found that applying dilute agricultural grade phosphoric
acid applied to calcareous soil in narrow bands over the seeded rows re-
duced soil crusting and increased sugarbeet seeding emergence. In their
research the most effective and suitable rate of phosphoric acid was 60
to 120 gal. of 24 to 12% acid per acre, respectively.

1/ Presently Extension Agronomist, Institute for Agricultural Research,
Ahmadu Bello University, Zaria, Nigeria.
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Methods and Materials

The principal objectives of this research were: (a) to evaluate
the effect of sulfuric and phosphoric acids on soil crusting and sugar -
beet seedling emergence (b) to determine if the quantity of water
required to establish sugarbeet stands could be reduced and (c) to
design, build and use practical application equipment.

Small Plot Experiment

The soil used for the small plot experiment was silty -clay loam
containing 59.8, 21.8 and 18.4% silt, clay and sand, respectively. It
had a pH of 8.0 and ECe x 103 of 10.0 mmhos. The 72 plots for this
experiment were established in metal containers 12.7 in. high and
10.2 in. in diameter. The containers were lined with plastic and
drainage was provided. A single -row bed was simulated in each con-
tainer. Calibrated temperature- moisture and soil gypsum blocks were
installed in the . seedbed at depths, of 1 and 2 in., respectively.

Treatments consisted of 70 gal. /A of 24% phosphoric acid and 40
gal. /A of 95% sulfuric acid applied in 2.5 in. bands over the seed
row, with three irrigation regimes superimposed over each acid treat-
ment. One -third of the treatments received 4, one -third 6 and one -
third 8 acre- inches of water per acre. The treatments were established
in randomized blocks with four replications. Seedling counts were made
daily beginning with the first seedling emergence and continued for 14
days. At the termination of the experiment, representative seedlings
were harvested and average fresh and dry weights were determined.

The PO4 content of harvested seedlings was also determined.
Soil samples were taken at the close of the experiment from the seed
zone and analyzed for pH and total soluble salts.

On -Farm Experiments

On -farm experiments similar to the small plot experiments were
established during September and October 1972 on central Arizona farms,
Table 1.

Table 1. Farms in central Arizona where phosphoric and sulfuric acid test
plots were established, 1972

Farm
No.

1

2

3

4

5

6

Farm Owner or Operator
Ronald Raynor
Russell Schlittenhart
Spreckels Sugar Division
Amstar Corporation

James Sossaman
William Wade
Wilbur Wuertz
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Location of Farm
(County)
Mari copa

Final

Maricopa
Maricopa
Maricopa
Final



Representative soil samples were obtained from each on -farm
experimental site, Table 2.

Table 2 Analyses of soils at on -farm experimental sites.

Location
1 2 3 4 5 6

Silt ( %) 35.2 30.0 55.0 27.5 59.8 18.6
Clay ( %) 11.0 25.0 16.6 14.6 21.8 9.6
Sand ( %) 53.8 25.0 28.4 57.9 18.4 71.8
pH 7.7 8.0 7.8 7.9 8.0 7.6

Total
soluble
salts (ppm) 2709 1183 1919 1652 4477 1995

Twenty -four percent phosphoric acid was placed in a 42 gal.
pastic container mounted on a tractor and application was with a
pump powered by the tractor. The phosphoric acid was applied over
the seed rows in a 3 in. band through nozzles of different sizes,
with one nozzel per row. These nozzles were calibrated o discharge
1, 2 and 4 qts. /min. of acid at a pressure of 18 lb. /in. . At a
tractor speed of 2 mi /hr, the nozzels designated as #4, #10 and #2
discharged 70, 140 and 280 gal /a of phosphoric acid. Nozzles were
firmly held on the tool bar but were easily shifted. All on -farm
tests except Location IV, were with beets planted two rows per 40 -inch
bed. At Location IV plantings were in single rows, spaced 30 in. apart.

Seedling counts were made at three to four day intervals after
the first seedlings emerged, until seedling emergence was complete.
Fifteen unseasonal rains, September 17 - October 27, 1972 resulted
in 4 to 5.2 in. of precipitation to on -farm experimental plots.

The three on -farm tests in 1973 were located on the farms of James
Sossmman; Spreckels Sugar Division, Amstar Corporation; and the University
of Arizona Mesa Branch Experimental Farm. Acid application methods were
similar to those in 1972, except that a 2 in. band was used in one
instance. An irrigation variable was included in tests at the University
of Arizona Mesa Branch Experimental Farm and Spreckels Sugar Division,
Amstar Corporation.

Results and Discussion

The results of each experiment are discussed separately.

Laboratory Experiment

Seedlings emerged earliest from plots treated with phosphoric acid.
In each instance there were more seedings from two than one and from
three than two irrigations.
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Table 3 Effect of phosphoric acid and irrigation treatments on seedling
emergence in laboratory experiments, 1972.

Number of seedlings as % of total
Irrigation Treatment

(in water)
Treatment 41/ 6¿/ d3r Average
70 gal /A 24% H3PO4 170 163 145 159 a
Control 100 100 100 100 b
30 gal /A 95% H9SO4 14 19 61 31 c
1/ Irrigated up only.
2/ Irrigated up plus one additional irrigation
3/ Irrigated up plus two additional irrigations.

Treatment means followed by the same letter are not significantly
different at the .05 level by Student Newman Keuls' test.

Results of soil analyses at the close of the laboratory experiment
suggest that seedling kills in sulfuric acid treated plots may have been
caused by the accumulation of soluble salts in the seed zone and in the
soil directly above the seed.

Seedlings harvested in plots receiving phosphoric acid were heavier
and contained more PO4 than those in the control. Application of
sulfuric acid not only decreased seedling numbers, but also resulted
in reduced seedling size and PO4 content, Table 4.

Table 4. Average fresh and dry plant weights and PO4 content as affected
by treatment with acid, 1972.

Dry Seedling Weight Seedling
Treatment (g) PO4 content
70 gal /A 24% H3PO4 0.31 b 0.47 b
Control 0.21 ab 0.07 a
30 gal /A 95% H2SO4 0.06 a 0.07 a
Means within the same treatment followed by the same letter are
not significantly different at the .05 level by Student Newman
Keuls' test.

On-Farm Experiemnts, 1972

The six on -farm experiments for 1972 were established using specially
constructed spray equipment as described earlier.
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Table 5. Effect of acid treatments on seedling emergence (plants/ft.)
in on-farm tests, 1972.

Treatment
70 gal/A 24% H3PO4 4.3

Control 4.2

30 gal/A 95% H2SO4 4.1
Means followed by the same letters are not significantly different at
the .05 level by the Student Newman Keuls' test.

Location
II III IV V VI. Average
2.9 3.0 2.4 1.2 3.8 2.9 a
3.2 3.6 3.8 0.7 4.1 3.3 a
1.9 0.7 0.3 0.1 1.5 1.4 b

Soil crusting was not a problem in 1972 on-farm experiments, as a
result of numerous light rain showers that occurred after planting.
Sulfuric acid applications decreased the number of sugarbeet seedlings,
and applications of phosphoric acid did not affect seedling numbers
in 1972 on-farm experiments.

On-Farm Experiments 1973

Results for on-farm experiments conducted in 1973 are summarized in
Table 6-8.

Table 6. Effect of phosphoric acid and irrigation on seedling and emergence
weight, University of Arizona Mesa Branch Experimental Farm,.1973.

Seedling number and
by number of

Irrigation
41/

weight as affected
irrigations
Treatment
g/ 122/

Seedling Seedling Seedling Seedling Seedling Seedling
Number Weight

Treatment (g)

70 gal/A 24% H3PO4 5.2 a 1.6 a

Control 4.3 b 1.4 a
1/ Irrigated up only.
2/ Irrigated up plus one additional
2/ Irrigated up plus two additional

Number Weight Number Weight
(g) (A)

5.3 a 3.1 a 6.3 a 1.9 a
5.1 a 3.4 a 5.9 a 1.7 a

irrigation.
irrigations.

Treatment means followed by the same letter are not significantly different
at the .05 level by Student Newman Keuls' test.

Table 7. Effect of phosphoric acid on seedling emergence and weight,
James Sossaman farm, 1973.

Seedlings
per foot

Treatment
70 gal/A 24% H3PO4 2.04 a
Control 1.85 a

Seedling
weight

(g)

0.58 a
0.55 a

Treatment means followed by the same letter are not significantly different
at the .05 level by Student Newman Keuls' test.



Table 8 Effect of phosphoric acid and irrigation treatments on sugarbeet
seedling emergence, Spreckels Sugar Division, Amstar Corporation,

1973.

Seedlings /ft. of row
Band Width Band Width

Control 2 in. 3 in.

one two one two one two

Treatment irrigation irrigations irrigation irrigations irrigation irrigations

52.5 gal /A

24% H3PO4 - - 2.45 a 2.45 a 2.17 b 2.18 b

Control 2.05 b 2.18 b - - - -

Treatment means followed by the same letter are not significantly different at
the .05 level by Student Newman Keuls' test.

The experiment at the University of Arizona Mesa Experimental Farm was
established September 18 with irrigations on the 20, 24 and 28 of September.
There were significantly more seedlings per foot of row in plots receiving
the phosphoric acid application and one irrigation than in the control with
one irrigation.

The Sossaman test was irrigated up October 19 after soil temperatures
had declined. While there appeared to be a trend favoring acid applica-
tion in this experiment, differences favoring acid were not significant,
Table 7.

At the Spreckels Sugar Division, Amstar Corporation test, applying
phosphoric acid in a two -in. band increased seedling numbers' significantly,
but seedling size was not affected by acid treatment or irrigation. The
narrower band at the Amstar Spreckels site had the effect of increasing
the application rate per unit of area by one -third. Application of a one -
inch or narrower band of phosphoric acid in combination with precision
planting may deserve future intensive experimentation. Detailed informa-
tion concerning research reported in this article is included in the
thesis of B. B. Wudíri, on file at the University of Arizona Science
Library.
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