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EVALUATION OF SOIL AMENDMENTS
FOR LETTUCE PRODUCTION IN THE DESERT

C. A. Sanchez and J. C. Silvertooth

Abstract

Two field studies were conducted during the 1993 -1994 season to evaluate the response of lettuce to
soil applied amendments. Treatments included gypsum, polymaleic acid (Spersal), and two acid
products (N- phuric and Phos-phuric). Gypsum rates (0, 2240, and 4480 kg /ha) were the main plots
and other soil amendments were subplot randomized within the mainplots. Overall, gypsum reduced
early growth and vigor of lettuce. Gypsum had no effects on marketable yield and quality parameters
in experiment 1, but the highest gypsum rate (4448 kg /ha) decreased marketable yield in experiment
2. There were no differences in plant stands due to subplot treatments. However, there were
differences in earlygrowth and vigor. In experiment 1, both "N- phuric" and "Phos-phuric" increased
early lettuce growth compared to the control. In experiment 2, Phos-phuric was superior to N- phuric.
In experiment 1, the benefits of early growth and vigor to the "N- phuric" and "Phos-phuric" carried
to harvest where marketable yield and quality were significantly increased. Spersal did not
significantly effect yield and quality of lettuce in either experiment.

Introduction

The low desert region of southern Arizona and southern California is a major area of crop production. However, some of
the soils used for agriculture are difficult to manage. Problems include clay soils which are difficult to work into suitable
seedbeds, soils that crust near the surface thus impeding seedling emergence, soils with slow water infiltration, and soils
affected by salt and sodium.

Soil amendments may offer a practical and economical means for managing many of these problems common to
southwestern soils. Amendments such as gypsum and elemental sulfur have been used for years on Arizona soils
(McGeorge, 1945a; 1945b). Gypsum is primarily used on sodium affected soils as a source of calcium (Ca) to displace Na
from the soils cation exchange complex. The major effect of gypsum is the flocculation of soil particles (bunching of
particles into larger aggregates). The Ca ions reverse the effect of Na ions by displacing them on the soils exchange sites.
The resulting displaced Na ions are readily leached from the soil profile. Gypsum is a neutral salt which does not directly
reduce pH. However, it can result in a pH reduction of sodic soils, indirectly, by reducing the hydrolysis reactions associated
with Na ions on the exchange complex. Gypsum can often reduce surface sealing and improve water infiltration in non -sodio
soils by releasing electrolytes into percolating water (Ben -Hur et al., 1992; Shainberg et aI., 1990; Warrington et al., I989).

Elemental sulfur (S) is also frequently used as a soil amendment. Sulfur added to soil undergoes a slow biochemical
oxidation to sulfuric acid. This in turn affects the soil in two ways. First by neutralizing soil bases and lowering pH directly.
And secondly, by dissolving native limestone to form gypsum which then acts as described above. Sulfuric acid is often
applied to produce an effect more immediate than that produced by elemental S (Miyamoto et al., 1974; 1975). Sulfuric acid
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can be added directly to the soil by specialized equipment or used as a water treatment. Studies in Arizona showed that water
infiltration and seedling emergence were increased by gypsum, elemental S, or acid applied to the soil (McGeorge et al.,
1956). Because of the corrosive nature of sulfuric acid, other acid materials or acid yielding products, including P products,
have been successfully used as less hazardous substitutes (Lutz et al., 1965; Cairns and Beaton, 1976; El -Tayib et al., 1979).
Acid or acid - yielding amendments are also often used to obtained the added benefit of enhanced P and micronutrient
availability (Stroehlein and Pennington, 1986).

Overall, research suggests that several soil amendments may offer a practical and economical means for managing problem
soils in arid regions. The objective of these field studies was to evaluate the effect of soil amendments on soil crusting, stand
establishment, early plant vigor, and yield and quality of crisphead lettuce.

Materials and Methods

Two studies were conducted during the 1993 -1994 season to evaluate the response of lettuce to soil applied amendments.
Treatments included gypsum, polymaleic acid (Spersal), and two acid products (N -phuric and Phos -phuric) (Table 1).
Sperm' and the acid products are marketed locally as anti- crustants for soil. Experiment 1 was conducted on a Gadsden clay
loam (fine montmorillonitic calcareous hyperthermic Vertic Torrifluvent) and experiment 2 was conducted on a Holtville
clay (clayey over loamy, montmorillonitic calcareous hyperthermic Typic Torrifluvent). The experimental design for
experiment 1 was a split -plot arrangement in randomized complete block design with gypsum rates as the main plots and
other soil amendments as subplots. The experimental design in experiment 2 was a split -plot arrangement in a completely
random design with gypsum rates as the main plots and other amendments as sub -plots. Rates of gypsum in both experiments
were 0, 2240, and 4480 kg/ha.

The gypsum in experiment 1 was broadcast applied and disked into the soils on September 10, 1993. Subplot treatment 2
(Spersal banded) was applied immediately before seeding (Table I ). Sub -plot treatments 3, 4, and 5 in experiment 1 were
sprayed in 5 cm bands over each seed line immediately after plating (Table 1). Gypsum in experiment 2, was broadcast
applied and disked into the soil on October 11, 1993. All sub -plot treatments were sprayed in 5 cm bands over each seed
line immediately before planting (Table 2).

Lettuce was seeded in elevated, double row beds on I m centers and thinned at the four -leaf stage to approximately 60,000
plants/ha. The cultivars were 'Empire' in experiment 1 and 'Winterhaven' in experiment 2. Experiment 1 was planted
September 17, and experiment 2 was planted October 14. Immediately after seeding the plot areas were irrigated with
sprinklers until stand establishment. All fertilization (N and P), weed control, insect control, and cultivation were performed
using practices standard for lettuce production in the Yuma Valley. After stand establishment the plot areas were furrow
irrigated.

Plant stands were determined after emergence and before thinning. Plant growth was evaluated by taking above ground plant
fresh and dry weights every 14 days over the growing periods. We attempted to assess crusting in experiment 2 by taking
penetrometer readings in each plot. At maturity lettuce was harvested and marketable yield and quality were determined
after grading according to standard marketing criteria.

Results and Discussion

There were no significant interactions between gypsum and other soil applied treatments, therefore we report main effects
only. Overall, gypsum seemed to reduce early growth and vigor of lettuce (Tables 3, 4, 6, and 7). Although the trends were
not always statistically significant in experiments 1, they were in experiment 2. Gypsum had no effects on marketable yield
and quality parameters in experiment 1, but the highest gypsum rate (4448 kg/ha) decreased marketable yield in experiment
2. Overwhelming evidence in the literature demonstrates positive benefits to applying gypsum to low desert soils. Gypsum
has been shown to be a useful management practice for precluding sodium accumulation on the soil exchange complex,
maintaining soil structure, and improving water infiltration. However, because lettuce is extremely sensitive to salts,
application immediately prior to seeding should be avoided. Note we applied gypsum immediately before planting in these
experiments. It may be possible to apply gypsum before pre -irrigation in the late summer or before one of the many crops
grown in rotation with lettuce (sudangrass, wheat, cotton, safflower). Note that for the last sampling period (near harvest),
plant mass actually increased to all rates of gypsum in experiment 1, perhaps lending support to the notion that gypsum has
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long term benefits.

There were no differences in plant stands due to treatments. However, there were differences in early growth and vigor.
In experiment 1, both "N- phuric" and "Phos -phuric" increased early lettuce growth compared to the control (Tables 3 and
4). In experiment 2, Phos -phuric was superior to N -phuric (Tables 6 and 7). There were no statistically significant
differences in lettuce growth between the control and "Spersal" in either experiment. In experiment 1, the benefits of early
growth and vigor to the "N- phuric" and "Phos -phuric" carried to harvest where marketable yield and quality were
significantly increased (Table 5). The only significant effect in experiment 2, was larger head size due to "N- phuric" (Table
8). Spersal did not significantly effect yield and quality of lettuce in either experiment.

Penetrometer reading collected in experiment 2 ranged from 1.80 to 1.89 kg cm' and were not significantly affected by
treatment. Because there no differences in seedling emergence and stand establishment, or resistance to penetration, we must

consider the possibility that benefits to N- phuric and Phos -phuric were nutritional. N -phuric resulted in the application of
10.6 kg N/ha in experiment 1 and 21.2 kg N/ha in experiment 2. Phos -phuric resulted in the application of 10.6 kg N/ha
and 6.7 kg P/ha in experiments 1 and 2. Although we applied N and P to the entire plot area at rates for maximum
production, and N or P rates added with the amendments were small by comparison, it may be that application of these
products near the seed enhanced early seedling vigor. Additionally these acid products may have enhanced micronutrient
availability. This early enhancement of growth also appeared to increased the potential frame size of lettuce where final head
size was consistently larger with the use of these acidic products.

In conclusion, decisions concerning the use of soil amendments for lettuce production should be based on product costs
compared to return received. Because of voluminous reports showing that gypsum application is an important management
practice for sustaining the productivity of low desert soils, the results of these studies should not be used as an indictment
against the use of gypsum. The long term benefits of gypsum application are difficult to assess in short term studies such
as those reported here. Nevertheless, these studies clearly indicate that gypsum should be applied in a manner such that
soluble salts released during dissolution do not negatively impact lettuce production. This can be probably accomplished
by lengthening the time interval between application and lettuce planting. Spersal produced no positive benefits under the
rates and methods of application evaluated. Additional studies are needed to evaluate the response of lettuce to Spersal
applied in sprinkler and furrow irrigation water. The acid products N- phuric and Phos -phuric show potential economic
benefits for use in low desert lettuce production. With the experimental design employed in these studies we cannot
determine whether these positive responses were due to its effectiveness as an anticrusting agent, starter fertilizer, or both.
However, because crop responses to anticrusting agents are difficult to predict with any degree of certainty, there may be
economic advantages to using products such as N -phuric and Phos -phuric which may also provide nutritional benefits.
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Table 1. Treatments applied to subplots in experiment 1.

Treatment Application Rate Cost

1 Untreated control

$ /ha $/A

2 Spersal banded below seed 4.7 Uha (2 qt/A) 44.4 18.00

3 Spersal sprayed over seed line 4.7 Uha (2 qt/A) 44.4 18.00

yN- phuric sprayed over seed line 46.7 L/ha (5 gal /A) 17.3 7.00

ZPhos- phuric sprayed over seed
line

93.4 Uha (10
gal /A)

34.6 14.00

Y

X

Spersal is polymaleic acid (30 %).

N- phuric is urea sulfuric acid (15% N, 49% sulfuric acid).

Phos -phuric is a 50:50 mixture of N- phuric and phosphoric acid (7.5% N, 26% P205 and 8% S).
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Table 2. Treatments applied to subplots in experiment 2.

Treatment Application Rate Cost

1

2

3

4

5

6

Untreated control

Spersal sprayed over seed line

Spersal sprayed over seed line

yN- ph uric sprayed over seed line

ZPhos- phuric sprayed over seed
line

Spersal sprayed over seed line

4.7 Uha (2 qt/A)

9.3 Uha (1 gal /A)

93.4 Uha (10
gal /A)

93.4 Uha (10
gal /A)

18.7 Uha (2 gal /A)

$ /ha

44.4

88.8

34.6

45.4

177.8

$/A

18.0

36.0

14.0

18.4

72.0

Z Spersal is polymaleic acid (30 %).

y N- phuric is urea sulfuric acid (15% N, 49% sulfuric acid).

x Phos -phuric is a 50:50 mixture of N- phuric and phosphoric acid (7.5% N, 26% P205 and 8% S).
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Table 3. Main effects for fresh weights of lettuce for four sampling dates as influenced by soil
amendments in experiment 1.

Date

Gypsum
kg /ha 10 -20 11 -3 11 -20 12 -8

g/plant

0 21.1 217.1 331.8 1005.4

2240 19.9 194.0 315.9 1156.7

4480 19.8 186.4 328.9 1115.3

Sig .z NS L* NS NS

Treatment

1 14.4 175.8 298.5 1035.7

2 15.5 158.3 267.3 982.9

3 15.6 190.5 326.9 1093.1

4 28.5 220.5 374.3 1205.9

5 27.3 250.7 360.8 1144.7

LSD 0.05 5.6 41.4 89.6 148.9

* **
o

Significant linear (L) or quadratic (Q) response to gypsum at the 0.1 and 0.01 level,
respectively; NS = P >0.1.
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Table 4. Main effects for dry weights of lettuce for four sampling dates as influenced by sou-
amendments in experiment 1.

Date

Gypsum
kg /ha 10 -20 11 -3 11 -20 12 -8

g/plant

0 1.8 13.0 13.3 38.0

2240 1.6 12.0 12.2 48.9

4480 1.6 12.3 12.4 46.1

Sig.z NS NS NS L*Q*

Treatment

1 1.2 11.0 11.6 43.8

2 1.2 10.5 10.4 38.0

3 1.3 11.4 13.3 40.4

4 2.3 13.5 14.1 51.2

5 2.3 15.6 13.6 48.5

LSD 0.05 0.4 3.0 3.2 9.6

* ** Significant linear (L) or quadratic (Q) response to gypsum at the 0.1 and 0.01 leve'
respectively; NS = P >0.1.
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Table 5. Main effects for yield and quality parameters of lettuce as influenced by soil amendments
in experiment 1.

Average head Marketablez Average head Marketable

Gypsum weight head weight diameter yield
kg /ha (g) (g) (cm) (Mg /ha)

0 853.1 947.1 14.8 54.2

2240 833.1 929.6 14.4 52.1

4480 830.6 920.8 14.4 53.7

Sig.z NS NS NS NS

Treatment

1 803.3 914.0 14.4 49.0

2 760.8 867.9 14.2 45.0

3 835.0 943.0 14.7 54.4

4 877.7 956.7 14.6 57.0

5 918.7 983.9 14.9 61.4

LSD 0.05 74.2 70.0 0.7 8.0

z

Significant linear (L) or quadratic (Q) response to gypsum at the 0.1 and 0.01 level,
respectively; NS = P >0.1.

Average weight after excluding unmarketable heads.
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Table 6. Main effects for fresh weights of lettuce for six sampling dates as influenced by soil
amendments in experiment 2.

Date

Gypsum
kg /ha 11 -10 11 -24 12 -9 12 -22 1 -6 2 -1

g/plant

0 3.7 30.7 265.2 283.1 638.0 977.5

2240 3.0 21.7 233.8 246.0 596.2 1503.5

4480 2.9 23.1 207.4 214.0 573.2 967.8

Sig.' L** L**Q* L** L** L* Q*

Treatment

1 2.8 21.5 199.3 199.6 560.6 907.8

2 3.0 22.8 245.9 241.7 576.6 1006.9

3 3.0 23.7 233.3 247.2 609.3 1735.9

4 3.3 28.4 241.1 238.2 621.0 1001.3

5 4.3 32.3 259.6 299.4 633.8 1026.5

6 2.8 23.0 220.4 248.8 602.1 951.4

LSD 0.05 0.8 7.4 52.7 57.0 NS NS

Significant linear (L) or quadratic (Q) response to gypsum at the 0.1 and 0.01 levei,
respectively; NS = P >0.1.
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Table 7. Main effects for dry weights of lettuce for six sampling dates as influenced by soil
amendments in experiment 2.

Date

Gypsum
kg /ha 11 -10 11 -24 12 -9 12 -22 1 -6 2 -1

g/plant

0 0.17 2.2 17.8 19.6 43.8 54.6

2240 0.15 1.5 15.8 16.9 39.6 56.1

4480 0.13 1.6 14.6 15.2 39.0 55.2

Sig.Z L* L**Q** L** L** L* NS

Treatment

1 0.14 1.5 13.3 14.5 38.0 54.5

2 0.15 1.6 16.3 16.4 39.6 55.8

3 0.14 1.8 16.3 17.5 38.3 56.1

4 0.16 2.0 16.6 17.2 43.3 56.5

5 0.17 2.2 17.8 20.4 43.4 54.7

6 0.12 1.6 15.4 17.1 41.9 53.6

LSD 0.05 NS 0.5 4.4 3.9 NS NS

* ** Significant linear (L) or quadratic (Q) response to gypsum at the 0.1 and 0.01 level,
respectively; NS = P >0.1.
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Table 8. Main effects for yield and quality parameters of lettuce as influenced by soil amendments
in experiment 2.

Average head Marketablez Average head Marketable
Gypsum weight head weight diameter yield

kg /ha (g) (g) (cm) (Mg /ha)

0 862.6 919.1 12.3 54.7

2240 832.5 899.2 12.0 51.4

4480 806.7 875.4 12.6 48.8

Sig.z L* L* NS L*

Treatment

1 831.2 889.1 12.1 51.4

2 839.2 911.4 12.1 51.2

3 824.0 887.5 12.0 51.9

4 835.0 896.9 13.3 50.6

5 858.1 907.6 12.4 56.1

6 816.1 895.1 11.9 48.7

LSD 0.05 NS NS 1.2 NS

Significant linear (L) or quadratic (Q) response to gypsum at the 0.1 and 0.01 level
respectively; NS = P >0.1.

Average weight after excluding unmarketable heads.
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