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CHEMICAL TESTS TO EVALUATE PLANT
SANDBLAST DAMAGE!

D. V. Armbrust?

ABSTRACT

Plant sandblast damage is currently evaluated by de-
creases in dry weight, survival, plant height, or yield. A
laboratory method would be desirable to decrease the
time required to determine plant damage and it might
be used to predict plant yields. The objective of this
study was to evaluate assays for exosmosed amino acids,
exosmosed electrolytes, internal conductivity of plant
stems, trypsin inhibitor, and chlorophyll content for their
ability as predictors of yield decrease due to wind erosion
damage. Greenhouse grown tomatoes (Lycopersicon escu-
lentum Mill. ‘Bonnie Best’) and soybeans (Glycine max
(L.) Merr. ‘Wayne’) were exposed to 5 amounts of blow-
ing sand ranging from 0 to 30 kg. Exosmosed amino acids
and exosmosed electrolytes can be used to predict fresh
and dry weights for up to 20 days after tomatoes and
soybeans are damaged. However, final yields cannot be
predicted by any of the five assays because of the plants’
ability to recover from the damage.

Additional index words: Exosmosed amino acids, and
electrolytes, Trypsin inhibitor, Chlorohpyll content.

WIND-erosion plant damage has been evaluated
by visual rating, survival, height, plant dry
weight, yield decrease, or by combinations of these
methods. Although dry weight, height, yield, and sur-
vival are related to wind erosion damage (1, 2, 3, 10,
13, 16, 18), a laboratory method of evaluating plant
damage would be desirable because it would decrease
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the amount of time needed to determine damage
compared to other methods and it might be used to
predict yield decrease and thereby improve manage-
ment decisions on replanting.

When a windblown soil particle strikes a plant, it
ruptures some cell walls, which changes the entire
plant’s metabolism (4, 5, 12) and kills many cells.
The metabolic changes produce measurable com-

ounds, like proteinase inhibitors (11). Death or in-
jury changes cell wall permeability, which can be
measured with cold-hardiness tests (7, 9, 14, 15) and
reduces the leaf’s chlorophyll content.

We report tests herein to evaluate exosmosed elec-
trolytes, exosmosed amino acids, internal conductivity,
trypsin inhibitor, and chlorophyll concentration for
their ability to predict wind-erosion plant damage to
tomatoes and soybeans.

MATERIALS AND METHODS

Tomatoes (Lycopersicon esculentum Mill. ‘Bonnie Best’) and
soybeans [Glycine max (L.) Merr. ‘Wayne’] were grown in the
greenhouse in 18-cm-diam. pots filled with 4 kg of sieved masonry
sand (smaller than 3.35 mm). Daylight was extended to 12 hours
with a combination of fluorescent and incandescent bulbs. Tem-
perature was maintained above 21 C. Plants were watered daily
with 0.2-strength Hoagland nutrient solution and thinned to 4
plants/pot 1 weeks after emergence. Five weeks after emergence,
they were exposed for 16 min to wind and sandblast in a wind
tunnel with 13.4 m/sec free-stream wind velocity measured 0.3
m upwind of the plants with a pitot-static tube and an incline-
gage alcohol manometer. Predetermined amounts of sand (0.420
to 0.297 mm in diam.) were placed on a smooth-bottomed, open-
ended tray directly upwind from the plants. After exposure, the
plants were returned to the greenhouse. Soybeans were exposed
when first trifoliate was fully expanded and tomatoes when first
cluster buds were well formed.

Exposure treatments were: no wind or sand (control), wind
only, wind plus 7.5, 15.0, 225, and 30.0 kg of sand. A completely
random design was used with 3 replications/treatment.

Table 1. Tomato data indicating significant differences due to exposure to wind and sandblast treatments. Series 1, 2, and 3.t

Wind + sand (kg)

Factor Check Wind 7.5 15.0 225 30.0
. Series 1
Fresh wt. at 10 days (g/pot) 67.4 a* 53.5ab 41.1 be 249 cd 23.7d 16.2d
Fresh wt. at 20 days (g/pot) 93.8a 74.0b 454 ¢ 423 ¢ 46.6 ¢ 37.2¢
Fresh wt. at 40 days'(g/pot) 181.7a 123.9 be 139.9 ab 123.3 be 114.4 be 889 ¢
Dry wt. at 10 days (g/pot) 83a 6.6 ab 5.4 be 3.5 cd 34cd 2.3d
Dry wt. at 20 days (g/pot) 14.1a 121a 75b 6.4b 75b 5.7b
Dry wt. at 40 days (g/pot) 343a 24.0 be 26.4 ab 20.3 be 20.3 be 153 ¢
Exosmosed amino acids at 1 day (%)1 226 ¢ 41.1 be 61.5 ab 75.7a 88.3a 81.8a
Exosmosed amino acids at 7 days (%) 156 ¢ 144 ¢ 369b 72.3a 80.2a 78.2a
Exosmosed electrolyte at 1 day (%) 3440 519b 745 a 76.6 a 875a 83.4a
Exosmosed electrolyte at 3 days (%) 178 ¢ 30.3 be 45.3 abe 56.7 ab 60.2 ab 73.0a
Exosmosed electrolyte at 7 days (%) 24.9 be 221c 490b 76.1a 85.2a 81.8a
Internal conductivity at 3 days (mhosjem X 103) 298¢ 303 ¢c 30.1¢ 345a 31.5 be 34.1 ab
Series 2
Fresh wt. at 10 days (g/pot) 152 a 106 b 75¢ 82c¢ 72¢ 6.3 ¢
Dry wt. at 10 days (g/pot) 19a 1.1b 10b 10b 11b 10b
Dry wt. at 40 days (g/pot} 3.0 be 3.9 ab 42a 3.5 abe 3.4 abe 25¢
Trypsin inhibitor at 3 days (%) 92.4a 95.6a 87.9 ab 704 ¢ 74.2 be 90.1 ab
Series 3
Fresh wt. at 10 days (g/pot) 32.1a 24.1 ab 17.8 be 16.0 be 126 ¢ 16.2 be
Dry wt. at 10 days (g/pot) 4.7a 3.6ab 2.6 be 2.2 be 1.7¢ 2.4 be
Dry wt. at 20 days (g/pot) 8.7a 7.7 ab 6.4 ab 6.9 abe 418¢c 6.1 be
Chlorophyll dry wt. at 1 day (mg/g) 123 a 9.6 ab 8.0 b 79b 89b 84b
Chlorophyll dry wt. at 3 days (mg/g) 109a 8.2b 6.0 be 5.4 be 45¢ 39c¢
Chlorophyll dry wt. at 7 days (mg/g) 10.0 a 76a 42b 3.0b 3.1b 29b

* Means within a row followed by the same letter do not differ significantly (P <{0.05) by Duncan’s New Multiple Range Test.

T Assays for exosmosed electrolytes, exosmosed amino acids. and internal conductivity: trypsin inhibitor: and chlorophylil content, respectively.

I Percent of total salts or amino acids exosmosed.
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Table 2. Soybean data indicating significant differences due to exposure to wind and sandblast treatments. Series 1, 2, and

3.+
Wind + sand (kg)
Factor Check Wind 7.5 15.0 22.5 30.0
Series 1
Fresh wt. at 10 days (g/pot) 7.3 a* 74a 6.5 abc 5.7be 5.3¢c 7.0 ab
Fresh wt. at 20 days (g/pot) 16.7a 150b 128¢ 12.2¢ 133¢ 122¢
Dry wt. at 10 days (g/pot) 14a l4a 1.1ab 10b 10b 1.2ab
Dry wt. at 20 days (g/pot) 34a 3.1ab 26¢ 26¢c 2.8 be 2.7¢
Exosmosed amino acid at 1 day (%)1 36¢ 5.9 be 11.2b 9.1b 186 a 106 b
Exosmosed electrolytes at 1 day (%) 77b 90b 33.7a 285a 344a 25.8a
Exosmosed electrolytes at 3 days (%) 98b 14.7b 19.1b 355a 204b 136b
Series 2
Fresh wt. at 10 days (g/pot) 6.5 ab 68a 5.8 be 56¢ 4.7d 6.1 abc
Dry wt. at 10 days (g/pot) 13a 13a 10b 10b 08¢ 11b
Series 3
Fresh wt. at 10 days (g/pot) 69a T1a 6.1 be 5.6¢ 50d 6.5 ab
Dry wt. at 10 days (g/pot) 14a 14a 1.1b 11b 10b 1.1b
Dry wt. at 20 days (g/pot) 4.0a 39a 3.5ab 34ab 32b 3.2b

* Means within a row followed by the same letter do not differ significantly (P <<0.05) by Duncan’s New Multiple Range Test.
1 Assays for exosmosed electrolytes, exosmosed amino acids, and internal conductivity; trypsin inhibitor; and chlorophyll content, respectively.

T Percent of total salts or amino acids exosmosed.

Three series of experiments were conducted with the follow-
ing assays: 1) exosmosed electrolytes, exosmosed amino acids,
and internal conductivity; 2) trypsin inhibitor; and 3) chloro-
phyll content. Each included tomatoes and soybeans.

Assay samples were taken 1, 3, and 7 days after exposure.
Soybean samples were five 6-mm-diam. discs removed from each
fully expanded trifoliate. Tomato samples were leaflets removed
from the third and fourth leaves above the plant base. Sample
weights were 0.5 g. Data recorded included date of first bloom,
number of flowers and fruit, and fruit weight. Plant tops were
harvested 10, 20, and 40 days after exposure, weighed, dried (70
C for 48 hours), and then reweighed.

Exosmosed electrolytes and exosmosed amino acids were assay-
ed by a combination of Dexter’s (7) electrolyte and Siminovitch’s
(15) amino acid assay. Internal conductivity was determined by
Filinger’s (9) method. Two no. 7 steel sewing needles 0.6 cm
apart were inserted 0.3 cm deep into the stem immediately above
the cotyledon node. Conductivity was read on a conductivity
bridge. Method II of Erlanger (8) was used to assay trypsin in-
hibitor, and chlorophyll concentration was determined by Ar-
non’s method (6).

Analysis of variance techniques (17) were used on all data.
Significant data are given in Tables 1 and 2. Nonsignificant
data (P < 0.05) are not reported and were not used in linear
regression and correlation analysis (17).

RESULTS AND DISCUSSION

Exposure to wind and sandblast decreased fresh and
dry weights 10 days after exposure in all tests, but
plants began to recover by 20 or 40 days after ex-
posure, depending on experimental series and plant
species. The plants’ ability to recover prevented yield
indicators from being significant in any series.

Exosmosed amino acids differed significantly among
exposures 1 and 7 days after exposure in tomatoes and
1 day after exposure in soybeans; exosmosed electro-
lytes differed significantly 1, 3, and 7 days after ex-
posure in tomatoes and 1 and 3 days after exposure in
soybeans. Internal conductivities differed significantly
3 days after exposure in tomatoes only, but did not re-
late to any yield measurement.

Regression and correlation analyses of the signifi-
cant data (Table 3) indicated that 439 of the regres-
sion coefficients were larger than 0.70, and 219, were
larger than 0.75. These relationships and their regres-
sion equations are given in Table 3. Internal conduc-

Table 3. Regression equations and correlation coefficients for
assays on wind and sandblast-damaged tomatoes and soy-
beans.

Tomato—Series 1

10-day dry wt. (g) = 7.87 - 0.059 (7-day amino acid) r = 0.80

10-day dry wt. (g) = 8.39 - 0.062 (7-day electrolyte) r = 0.78

10-day dry wt. (g) = 9.39 - 0.040 (1-day amino acid) - 0.029 (1-day electrolyte),
R =0.90

10-day dry wt. (g) = 8.03 - 0.047 (7-day amino acid) - 0.014 (1-day electrolyte),
R=0.88

20-day dry wt. (g) = 15.24 - 0.103 (1-day amino acid) r = 0.76

20-day dry wt. (g) = 18.75 - 0.145 (1-day electrolyte) r = 0.84

20-day dry wt. (g) = 14.47 - 0.118 (3-day electrolyte) r = 0.76

20-day dry wt. (g) = 20.00 + 0.062 (1-day amino acid) - 0.220 (1-day electrolyte),
R=0.89

20-day dry wt. (g) = 13.36 - 0.076 (7-day amino acid) - 0.012 (7-day electrolyte),
R=091

10-day fresh wt. (g) = 72.60 - 0.562 (1-day amino acid) r = 0.75

10-day fresh wt. (g) = 64.15 - 0.531 (7-day amino acid) r = 0.83

10-day fresh wt. (g) = 68.94 - 0.551 (7-day electrolyte) r = 0.81

10-day fresh wt. (g) = 77.34 ~ 0.398 (1-day amino acid) - 0.219 (1-day
electrolyte), R = 0.89

10-day fresh wt. (g) = 65.84 ~ 0.401 (7-day amino acid) - 0.144 (7-day
electrolyte), R = 0.87

20-day fresh wt. (g) = 97.47 - 0.662 (1-day amino acid) r = 0.76
20-day fresh wt. (g) = 120.65 - 0.942 (1-day electrolyte) r = 0.85
20-day fresh wt. (g) = 129.90 + 0.463 (1-day amino acid) - 1.499 (1-day
electrolyte), R = 0.89
Soybean—Series 1

10-day dry wt. (g) = 1.56 - 0.016 (1-day electrolyte) r = 0.98

Tomato—Series 3

10-day dry wt. (g) = 1.28 + 0.309 (7-day chlorophy!l mg/g dry wt.) r = 0.76
10-day fresh wt. (g) = 9.39 + 2.026 (7-day chlorophyll mg/g dry wt.) r = 0.75

tivity of the stems did not relate to any yield measure-
ment.

Although correlation coefficients indicated close re-
lationships between exosmosed amino acids and exos-
mosed electrolytes and fresh and dry weight produc-
tion of tomatoes and soybeans (Series 1), and regres-
sion equations could be used to predict fresh and dry
weight up to 20 days, the two assays had to change
widely before they indicated small changes in fresh or
dry weight. For example, a 1 g change in the 10-day
dry weight of tomatoes required a 169, change in the
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I-day exosmosed amino acid or a 139 change in the
I-day exosmosed electrolytes.

Trypsin inhibitors in tomatoes differed significantly
3 days after exposure but not when they were related
to fresh or dry weight production or to any yield in-
dicator. Damaged or undamaged soybeans and “Big
Boy” tomatoes produced too little trypsin inhibitor to
measure by our assay. Green and Ryan (11) found
that mechanical damage increased trypsin inhibitor
6 to 10 times in tomatoes and potatoes, and that dam-
age near the main vein increased the inhibitor more
than did damage near the leaf edge. However, trypsin
inhibitor may not accumulate in wind-erosion dam-
aged plants because rapid death and desiccation of
ruptured cells may prevent the inhibitor inducing
factor from either being metabolized or from moving
into the plants’ vascular system. Also, most wind and
sandblast damage was to leaf edges, not near main
veins.

Chlorophyll contents of tomatoes (dry weight basis)
differed significantly at 1, 3, and 7 days after exposure
and correlated highly with fresh and dry weight pro-
duction 10 days after exposure (Table 1) but not with
fresh or dry weights or any yield indicators 20 or 40
days after exposure.

In contrast, soybean chlorophyll contents did not
differ significantly among exposures.

SUMMARY

Five chemical assays evaluated for their effectiveness
as predictors of yield decreases due to sandblast dam-
age in tomatoes and soybeans indicated that exosmosed
amino acids and exosmosed electrolytes are related to
fresh and dry weight production up to 20 days after
exposure, but they cannot be used as yield predictors
due to the plants’ ability to recover. Internal con-
ductivity and trypsin inhibitor assays were of no value.
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