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Effect of Two Strains of Peanut Mottle Virus on Fatty Acids, Amino
Acids, and Protein of Six Peanut Lines I , 2

Allan R. Hovis," Clyde T. Young.t" and Cedric W. Kuhn"

ABSTRACT

Peanut (Arachis hupogaea L.) cultivars (Starr and Flo
runner) and four peanut introductions (PI 261945, 261946,
261973, and 261980) were each separately inoculated
with a mild strain (M2) and with the necrosis strain (N)
of peanut mottle virus. The effects of these viral strains
on the chemical composition of peanut seed were evalu
ated. The chemical characteristics varied with the type
of viral infection. The greatest effect was on fatty acids
and the least on the total amino acids. In general, peanuts
infected with the necrosis strain showed: (1) a decrease
in the percentages of stearic and oleic acids, while
linoleic, arachidic, behenic, and lignoceric acids increased,
(2) increases in the levels of the free amino acids glycine,
alanine, isoleucine, histidine, lysine, and arginine, and
(3) the total amino acids exhibited a slight decrease in
aspartic acid and a slight increase in methionine. Peanuts
infected with the mild strain generallly showed: (1) a
slight increase in linoleic acid, (2) little effect on the
free amino acids, and (3) a small increase in tyrosine and
a slight decrease in serine and aspartic acid for the total
amino acids. No treatment effect was noted on protein
content.

Key Words: Arachis hypogaea L., peanut, peanut mottle
virus, fatty acids, free amino acids.

The major peanut (Arachis hupogaea L.) cultivars
used in the United States are susceptible to peanut
mottle virus (PMV) (6,8). The predominant strain
causes very mild symptoms (12); yield losses, how
ever, range from 17-30% (8). Although immunity
from the disease has not been found (7), a recent
study (9) demonstrated that a few peanut introduc
tions are tolerant to PMV and yield losses are
none or very slight.

Mondy and Koch (11) showed that enzymatic
darkening was significantly greater and lipid con
tent lower in potatoes (Solanum tuberasum L.)
infected with Potato virus X. Demski and Jellum
(3) reported that soybean (Glycine Max (L.) Merr.)
infected by various viral strains, including PMV,
had significant changes in fatty acid content. It
was shown by Tu and Ford (17) that the free
amino acid content of soybean leaves was affected
by virus infection.
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The purpose of this study was to determine the
effects of PMV infection on the fatty acids, free
amino acids, total amino acids, and protein content
of the seed of six peanut lines.

Materials and Methods

Two peanut cultivars (Starr and Florunner) and four peanut
introductions (PI 261945, 261946, 261973, 261980) were grown
in 20.3 ern plastic pots in the greenhouse. Twelve plants of
each of the six peanut lines were rubbed with inoculum buffer
(0.01 M neutral potassium phosphate, 0.01 M NaHS03, 0.01 M
sodium diethyldithiocarbamate, and 1% Celite), twelve with a
mild strain (M2) of PMV, and twelve with the necrosis strain
(N) (12). Seed from the Starr plants was harvested 120 days
after planting and seed from all other lines at 140 days. After
drying at 25 C, the seed was ground in a laboratory Wiley Mill
equipped with a stainless steel head, blades, and 10 mesh
screen. The full fat samples were frozen at -300c until chemical
analysis. The samples were analyzed for fatty acids, free amino
acids, total amino acids, and protein. The resulting data were
subjected to statistical analysis by the analysis of variance (15)
and the Waller-Duncan (18) procedures.

Preparation and Analysis of Fatty Acid Esters

A 300 mg sample was weighed into a glass culture tube
equipped with a Teflon lined screw cap. Petroleum ether (15
ml of boiling range 30-000C) was added and the tube shaken
for 30 min. The tubes were allowed to stand overnight and 5
ml of ether extract were pipeted into Teflon capped glass vials,
and the ether was removed by evaporation under nitrogen gas.
The fatty acids were esterified by the saponification-transesteri
fication method described by Metalfe et al. (10). Methanolic
NaOH solution (1.3 ml of a 0.5 N) was added to the vials
containing the extracted oil (approximately 30 mg) and heated
in a boiling water bath for 5 min. After cooling, 2 ml of 10%
boron trifluoride in methanol were added to this mixture and
boiled for 5 min. After cooling, 1 ml of petroleum ether and 2
ml of saturated NaCI solution were added and the vial thoroughly
shaken. The vial was then centrifuged for 5 min at 1600 x g.
The ether layer was removed with a Pasteur pipet and stored
at -30°C until analysis.

A F&M model 810 Research Gas Chromatograph equipped
with a 1.83 m x 2 mm LD. glass column and F.LD. was used
to quantitate the methyl esters of the fatty acids. The column
was packed with 100/120 mesh Gas-Chrome Q coated with
10% EGSS-X (Applied Science, State College, PA). The initial
oven temperature was 180 C and was programmed to 200°C at
4 C/min. The injector temperature was 250°C and the detector
temperature was 275°C. The carrier gas was helium at 60 psi
inlet pressure. The percentage composition of a known mixture
of methyl esters (AItech Assoc., Arlington Heights, IL) was
confirmed with less than 1% error. Peak areas were measured
by a computer data system. Peaks were identified by comparing
their retention times to the standard mixture of fatty acids.

Extraction and Analysis of Free Amino Acids

The method of Young et al. (19) was used for extraction of
the free amino acids. Two g of the full fat sample were
thoroughly extracted with diethyl ether to remove the oil. The
fat free residue was ground in 50 ml of methanol, chloroform,
and water mixture (60:25:15; v:v:v) for 1 min using a Tekmar
Tissumizer (Tekmar Instr. Co., Cincinnati, Ohio) at full speed.
Ground samples were centrifuged (1600 x g), and 30 ml portions
of the supernatant were transferred to a 100 ml beaker and
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allowed to evaporate to dryness under a hood. The dried
extracts were resuspended in 2 ml of pH 2.2 citrate buffer,
centrifuged and the supernatants frozen (-18°C) until analyzed.

Analysis of Total Amino Acids

For amino acid analysis, the full fat samples were hydrolyzed
by a modification of the method of Roach and Gehrke (14). In
screw capped tubes, 100 mg of peanut meal in 20 ml of 6 N
HCI were flushed with nitrogen and heated at 145°C for 2 hr.
The pH was then adjusted to 2.2 with 12 N NaOH. Amino
acids were quantitated by ion exchange chromatography as
described by Spakman et al. (16) using a Durrum Model D-500
with a 1.75 mm x 48 cm column packed with Durrum high
resolution cation exchanger (bead diameter, 8 ± 1 #Lm).

Protein Detennination

The percent protein was determined by the macro-Kjeldahl
method (2). The percentage nitrogen was converted to the
percentage protein content by multiplying by 5.46 (5). Protein
was also calculated using the total amino acid content as
determined in the anlaysis of total amino acids.

Results

Previous studies (8,9) have established that PMV
M2 (predominant strain in nature) causes a seed
yield loss of about 30% in susceptible peanut
cultivars Starr and Florunner. With tolerant peanut
lines PI 261945 and PI 261946, yield loss was
none or negligible (9). In addition to these four
peanut lines, two moderately tolerant (Yield loss

Table 1. Results of analysis of variance showing mean squares
and level of significance on fatty acids in seed from virus
infected peanuts.

Fatty Aci da Sources of Vari ation
Variety (V) Treatrrent (T) vxT

C16:0 4.166 0.093 NS 0.073 NS
C18:0 3.582 0.204 0.092 **
C18:1 54.060 ** 4.248 1.053 **
C18:2 21.889 ** 2.928 ** 0.509 NS
C20:0 0.502 ** 0.004 NS 0.018 **
C20:1 0.714 ** 0.061 ** 0.031
C22:0 1.364 ** 0.319 ** 0.105 **
C24:0 0.165 ** 0.153 ** 0.017 *

a Degrees of freedom for variety, treatrrent, and variety by treat-
rrent are 5, 2, and 10 respectively for each fatty acid.

** = significant at the 0.01 level.
* = significant at the 0.05 level.
NS = not s i gni fi cant.

of about 20%) lines (PI 261973 and PI 261980)
were used in this study (Kuhn, unpublished).

Fatty Acids

The effect of viral infection (treatment) was sig
nificant for stearic (CI8:0), oleic (CI8:I), linoleic
(CI8:2), eicosenoic (C20:1), behenic (C22:0), and
Iignoceric (C24:0) acids (Table 1). The variety by
treatment interaction was significant for stearic,
oleic, arachidic (C20:0), eicosenoic, behenic, and
Iignoceric acids. Palmitic acid (CI6:0) showed no

Table 2. Fatty acids (% of total) in seed of six peanut lines infected with two strains of PMV.

Treatnent C16:0 C18:0 C18 :1 C18:2 C20.0 C20:1 C22:0 C24:0

PI 261945 (Highly Tolerant)
Control 11 .43 a 2.22 a 37.39 a 40.59 a 1.29 a 1.53 ab 3.70 a 1.67 b
PMV- M2 11.28 ab 2.07 a 37.63 a 40.86 a 1.27 a 1.48 b 3.67 a 1.70 b
PMV-N 11 .14 b 1.63 b 37.37 a 41 .02 a 1.11 b 1.75 a 3.97 a 1.93 a

PI 261946 (Highly Tolerant)
Control 11.06 a 2.55 a 38.35 ab 40.21 a 1.39 a 1.28 b 3.61 a 1.53 b
PMV-M2 11 .17 a 2.40 ab 39.13 a 39.67 a 1.27 a 1.35 b 3.39 a 1.58 b
PMV-N 11 .00 a 2.27 b 37.49 b 41 .03 a 1.33 a 1.46 a 3.68 a 1.71 a

PI 261973 (Moderately Tolerant)
Control 11.64 a 1.95 a 36.62 a 41 .03 a 1.19 b 1.63 a 4.07 ab 1.82 a
PMV-M2 11.39 a 1.99 a 36.16 a 41.34 a 1.35 a 1.62 a 4.29 a 1.81 a
PMV-N 11.48 a 2.05 a 36.80 a 41 .05 a 1.28 ab 1.51 a 3.94 b 1.86 a

PI 261980 (Moderately Tolerant)
Control 11 .19 a 2.78 a 38.80 a 39.18 b 1.51 a 1.22 a 3.70 a 1.59 a
PMV-M2 11 .21 a 2.58 b 38.52 a 39.69 a 1.46 a 1.28 a 3.68 a 1.55 a
PMV-N 11 .29 a 2.85 a 37.78 b 39.78 a 1.56 a 1.23 a 3.89 a 1.59 a

Florunner (Susceptible)
Contro1 10.61 a 1.31 a 43.43 a 37.25 b 0.95 a 1.78 a 3.07 b 1.82 a
PMV-M2 10.36 a 1.32 a 42.58 ab 38.06 a 1.00 a 1.91 b 3.09 b 1.63 b
PMV-N 10.12 a 1.19 b 42.08 b 38.26 a 0.97 a 2.03 c 3.33 a 1.91 a

Starr (Susceptible)
Contro1 12.07 a 2.76 a 39.32 a 37.62 b 1.50 b 1.35 a 3.77 b 1.56 b
PMV- M2 12.22 a 2.76 a 38.51 ab 38.28 ab 1.57 a 1.25 b 3.90 b 1.48 b
PMV-N 12.23 a 2.48 b 37.52 b 38.94 a 1.52 b 1.37 a 4.35 a 1.68 a

Values with sane letter within blocks are not significantly different at 0.05 level according to the
Waller-Duncan multiple range test.
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Table 3. Results of analysis of variance showing mean squares
and level of significance on &ee amino acids in seed from
virus infected peanuts.

Table 5. Results of anlaysis of variance showing mean squares
and level of significance on total amino acids in seed from
virus infected peanuts.

Sources of Vari ati on
Ami no Acida Variety (V) Treatrrent (T) VXT

ASP 13089 ** 14.28 NS 324.0 NS
THR 1231 ** 4.658 NS 17.53 NS
SER 6909 ** 2528 * 1830 *
GLU 261733 ** 13429 * 7357 *
PRO 2185 * 1674 NS 2229 *
GLY 140.5 ** 91.59 ** 35.29 **
ALA 3606 ** 1327 ** 529.2 **
VAL 25996 ** 4856 ** 1007 *
ILE 184.5 ** 40.47 ** 5.893 NS
LEU 119.9 ** 17.74 ** 3.404 NS
TYR 127.9 ** 26.08 * 11 .03 NS
PHE 32034 ** 18816 ** 4808 **
HIS 32.61 ** 19.02 NS 14.46 *
LYS 48.68 ** 14.23 NS 13.17 *
NH4 1028 ** 239.3 NS 369.0 NS
ARG 4218 ** 4082 ** 1083 *
PEP 891.1 ** 47.25 NS 139.9 NS

Amino Acida Sources of Vari ation
Variety (V) Treatrrent (T) VXT

ASP 84.413 ** 9.342 ** 3.850 *
THR 2.626 ** 0.171 NS 0.101 NS
SER 12.535 ** 1.545 * 0.630 NS
GLU 181.548 ** 13.579 * 7.534 *
PRO 50.896 ** 17.843 * 8.116 *
GLY 4.159 ** 1.576 * 0.726 NS
ALA 6.660 ** 0.928 * 0.256 NS
CYS 2.357 ** 0.059 NS 0.097 NS
VAL 11.170 ** 0.280 NS 0.368 NS
MET 3.604 ** 0.065 NS 0.268 *
ILE 6.388 ** 0.193 NS 0.378 NS
LEU 28.580 ** 0.750 NS 1 .433 NS
TYR 9.843 ** 2.530 NS 0.933 NS
PHE 23.208 ** 3.663 NS 0.926 NS
HIS 5.717 ** 1.579 * 0.596 NS
LYS 1.058 ** 1.168 NS 0.391 NS
NHa 1.453 NS 1.265 NS 1.155 NS
AR 81.790 ** 6.021 NS 6.233 NS

a Degree of freedom for vari ety, treatrrent, and vari ety by treat-
rrent are 5, 2, and 10 respectively for each amino acid.

** = significant at the 0.01 level.
* = significant at the 0.05 level.
NS = not s i gnifi cant.

a Degrees of freedom for variety, treatment. and variety by treat-
rrent are 5. 2. and 10 respectively for each amino acid.

** = significant at the 0.01 level.
* = significant at the 0.05 level.
NS = not si gnifi cant.

Table 4. Free amino acids in seed of six peanut lines (ILmoles
per gram).

PI 261945 (Hi9h1y Tolerant)
52.36 a 37.33 a 21.89 a 141.46 a 544.85 a 137.81 a 8.84 b
53.72 a 32.79 a 19.61 a 109.55 a 483.53 a 45.34 a 14.88 a
53.88 a 39.63 a 23.15 a 114.99 a 430.08 a 50.72 a 15.26 a

PI 261946 (Highly Tolerant)
50.01 a 58.30 a 24.14 a 150.92 a 464.55 ab 76.34 a 14.49 b
58.20 a 42.29 b 22.31 a 88.46 b 501.09 a 59.94 a 10.97 c
53.08 a 49.73 ab 25.38 a 106.47 b 414.40 b 64.90 a 17.26 a

PI 261973 (Moderately Tolerant)
40.74 a 31.75 a 20.92 a 118.95 a 436.20 a 41.65 ab 9.34 b
39.20 a 31.79 a 18.51 a 103.32 a 386.54 a 37.53 b 9.74 b
43.16 a 40.67 a 21.40 a 119.22 a 461.99 a 43.52 a 12.76 a

PI 261980 (Moderately Tolerant)
60.03 a 88.80 a 43.31 a 130.45 b 804.12 a 42.67 b 15.20 a
66.30 a 94.84 a 42.00 a 153.96 b 886 .61 a 51.86 b 13.71 a
57.96 a 100.51 a 42.57 a 183.18 a 801.35 a 69.98 a 17.16 a

Traatnant PEP

Healthy
PMV-M2
PMV-N

Healthy
PMV-M2
PMV-N

ASP THR SER GLU PRO GLY ALA

52.88 a
47.29 a
57.70 a

77.18 a
43.35 c
62.40 b

52.76 b
50.89 b
62.86 a

70.10 b
68.54 b
94.14 a

significant differences for either treatment or variety
by treatment interaction. The change in fatty acid
content for each peanut line infected with two
strains of PMV were variable (Table 2). The necrosis
strain showed more significant changes than the
mild strain for all six lines. There were almost
twice as many significant changes in the fatty
acids of the susceptible lines than in the tolerant
or moderately tolerant lines. In general, peanuts
infected with the necrosis strain showed a decrease
in the percentages of stearic and oleic acids, while
linoleic, eicosenoic, behenic, and .lignoceric acids
increased. In peanuts infected with the mild strain
there was a slight increase in linoleic acid.

Values with SallE letter within blocks are not significantly different at the 0.05 level
according to the Waller-Duncan multiple range test.

F10runner (Susceptible)
Healthy 97.26 a 7.29 b 6.78 a 5.09 a 37.31 a 6.30 b 5.11 b 64.29 a 62.59 b
PMV-M2 93.60 a 8.35 ab 7.55 a 5.50 a 45.00 a 7.58 b 7.16 a 41.19 a 84 .61 ab
PMV-N 92.29 a 10.12 a 8.79 a 6.02 a 53.79 a 8.88 a 8.38 a 58.31 a 112.77 a

Starr (Susceptible)
Healthy 156.52 a 14.80 b 9.91 b 8.48 a 139.39 a 10.55 a 4.91 a 57.50 a 34.33 a
PMV-M2 147.59 a 15.70 b 11.64 ab 6.60 a 106.98 a 10.65 a 5.24 a 61.50 a 36.12 a
PMV-N 115.66 b 19.76 a 14.75 a 6.77 a 72.45 a 15.03 a 9.37 a 43.20 a 89.28 a

PI 261945 (Highly Tolerant)
Healthy 123.28 ab 12.80 a 3.57 a 12.12 a 173.02 ab 8.36 a 2.99 a 44.49 a 32.99 a
PMV-M2 149.78 a 11.55 a 4.10 a 11.85 a 268.89 a 13.06 a 2.01 a 42.06 a 30.35 a
PMV-N 79.88 b 11.66 a 4.69 a 8.95 a 127.97 b 8.36 a 2.31 a 55.16 a 41.26 a

PI 261946 (Highly Tolerant)
Heal thy 107.55 ab 11.53 a 3.36 a 14.66 a 115.89 a 10.66 a 6.98 a 50.92 a 63.15 a
PMV-M2 134.19 a 10.83 a 2.71 a 8.53 a 132.71 a 9 .19 a 2.42 b 45.18 a 31.56 a
PMV-N 93.21 b 15.15 a 7.29 a 8.71 a 108.89 a 10.51 a 6.22 a 38.34 a 57.95 a

PI 261973 (Moderately Tolerant)
Healthy 103.44 a 13.15 a 4.44 a 8.32 a 109.76 a 8.91 a 4.87 a 70.77 a 33.38 a
PMV-M2 93.08 a 12.51 a 4.88 a 7.77 a 118.76 a 8.71 a 3.50 a 83.96 a 35.37 a
PMV-N 104.77 a 15.24 a 6.54 a 7.55 a 101.08 a 7.90 a 2.14 a 58.60 a 33.63 a

PI 261980 (Moderately Tolerant)
Healthy 218.50 a 18.96 a 9.09 a 14.62 ab 165.11 b 8.38 b 5.54 b 53.69 a 26.17 b
PMV-H2 237.66 a 20.12 a 8.89 a 16.57 a 238.95 a 13.34 a 8.15 a 63.93 a 56.25 a
PMV-N 203.90 a 20.35 a 10.34 a 12.78 b 111.10 b 11.64 a 8.85 a 53.50 a 66.87 a

Florunner- (Susceptible)
45.90 a 117.91 a 44.24 a 106.39 b 506.84 a 47.05 a 18.68 ab 78.49 b
40.99 a 118.38 a 43.05 ab 126.95 b 478.07 a 54.23 a 20.19 a 110.35 a
55.67 a 93.26 a 38.06 b 153.29 a 493.70 a 54.02 a 15.77 b 107.85 a

Starr (Susceptible)
66.40 a 83.57 a 24.07 a 158.43 a 605.99 a 61.72 a 16.35 b 65.21 b
72.61 a 93.99 a 27.97 a 158.19 a 590.52 a 59.00 a 16.98 b 70.84 ab
53.96 a 99.47 a 26.58 a 186.33 a 499.10 b 86.02 a 26.54 a 86.14 a

Changes in the free amino acid content for each
line infected with the two strains of PVM were
observed (Table 4). Results were variable with the
necrosis strain again showing the most effect. Pea
nuts infected with the necrosis strain tended to
show increases in the levels of glycine, alanine,
isoleucine, histidine, lysine, and arginine. For the
mild strain there were no general trends evident.
There was little correlation between degree of
susceptibility to virus infection and changes in
free amino acids.

Total Amino Acids

Significant differences were found for virus in
fection (treatment) for aspartic acid, serine, glutamic

Free Amino Acids

The effect of the virus infection (treatment) was
significant for serine, glutamic acid, glycine, alanine,
valine, isoleucine, leucine, tyrosine, phenylalanine,
and arginine (Table 3). Variety by treatment inter
actions were significant for serine, glutamic acid,
proline, glycine, alanine, valine, phenylalanine,
histidine, lysine, and arginine.

ARGHIS LYS NH4PHETYRLEUILETl'eatllEnt VAL

Healthy
PMV-H2
PMV-N

Healthy
PMV-M2
PMV-N
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Table 6. Total amino acids (mg per g) in seed of six peanut lines infected with two strains of PMV.

Treatnent ASP THR SER GLU PRO GLY ALA CYS VAL MET ILE LEU TYR PHE HIS LYS ARG

Heal thy
PMV-M2
PMV-N

Healthy
PMV-M2
PMV-N

Heal thy

~~t~2

Heal thy
PMV-M2
PMV-N

Healthy
PMV-M2
PMV-N

Healthy
PMV-M2
PMV-N

PI 261945 (Highly Tolerant)
38.59 a 7.91 a 16.59 a 52.9. a 18.08 a 17.89 a 12.46 a 5.65 a 13.30 a 5.94 a 13.84 a 23.12 a 13.04 a 18.70 a 11.04 a 10.73 a 5.10 a 38.54 a
37.57 a 7.68 a 16.08 a 51.52 a 17.67 a 17.44 a 12.17 a 5.73 a 13.34 a 5.43 a 14.33 a 23.30 a 11.27 a 19.08 a 9.39 a 9.54 a 5.97 a 37.19 a
39.70 a 8.03 a 16.82 a 54.38 a 20.51 a 18.04 a 12.82 a 5.91 a 13.70 a 5.73 a 14.10 a 23.98 a 12.47 a 18.18 a 10.59 a 10.30 a 5.15 a 39.03 a

PI 261946 (Highly Tolerant)
37.47 a 7.89 a 15.92 a 51.16 a 24.03 a 17.45 a 12.57 a 6.31 a 13.61 b 6.10 a 14.67 a 23.15 a 12.38 a 18.02 a 10.56 a 9.86 a 4.78 a 36.12 a
38.35 a 7.95 a 16.38 a 52.81 a 20.54 a 18.08 a 12.50 a 5.84 b 13.81ab 5.63 b 14.14 a 23.65 a 12.57 a 18.29 a 10.17 a 10.17 a 6.09 a 37.79 a
38.44 a 7.83 a 16.06 a 52.29 a 18.88 a 17.64 a 12.78 a 5.78 b 14.09 a 5.76ab 14.77 a 23.08 a 12.20 a 17.56 a 10.21 a 10.43 a 6.32 a 37.99 a

PI 261973 (MJderately Tolerant)
41.75 a 8.17 a 17.45 a 57.22 a 23.48 a 18.84ab 13.45 a 6.16 a 14.71 a 5.98 a 14.98 a 24.79ab 13.69 a 19.66 a 10.51 a 10.56 a 6.74 a 43.00 a
41.41ab 8.20 a 17.22ab 56.72 a 22.17 a 18.91 a 13.30ab 6.27 a 14.44ab 6.24 a 15.40 a 25.62 a 13.84 a 19.06 a 10.30 a 10.46 a 6.65 a 42.33 a
40.13 b 7.96 a 17.03 b 55.01 b 20.89 a 18.46 b 12.93 b 6.03 a 14.03 b 5.74 a 15.29 a 24.55 b 12.97 b 18.08 b 10.69 a 10.44 a 5.53 a 40.88 a

PI 261980 (MJderately Tolerant)
38.61ab 7.81 a 16.79 a 53.07ab 20.51 a 18.09 a 12.75 a 5.53 a 13.62 a 5.30 b 14.88 a 24.00 a 12.83 a 18.39 a 10.75 a 11.25 a 6.25 a 36.29 a
36.69 b 7.58 a 15.50 b 50.65 b 20.35 a 17.50 a 12.08 a 5.52 a 13.43 a 5.48ab 14.61 a 22.59 a 11.56 b 16.88 a 10.27 a 10.51 b 6.27 a 37.41 a
39.36 a 7.90 a 16.33ab 54.44 a 20.55 a 17.84 a 12.71 a 5.69 a 14.09 a 5.77 a 15.01 a 23.42 a 12.28ab 17.51 a 10.61 a 10.99ab 5.53 a 40.12 a

Florunner (Susceptible)
34.31 a 6.93 a 14.59 a 46.48 a 17.08 a 19.27 a 11.33 a 5.25 a 11.67 a 4.42 b 13.25 a 21.09 a 11.03 a 15.28 a 9.13 a 10.72 a 4.98 a 34.79 a
33.07 b 6.80 a 14.50 a 44.86 a 17.09 a 18.00 a 11.06 a 5.12 a 11.59 a 4.72ab 13.16 a 20.66 a 11.10 a 15.40 a 9.41 a 10.58 a 5.66 a 33.73 a
33.74ab 6.89 a 14.32 a 45.74 a 15.83 a 18.55 a 11.16 a 5.25 a 11.58 a 4.94 a 13.29 a 20.84 a 10.73 a 15.18 a 8.85 a 10.76 a 5.73 a 34.99 a

Starr (Susceptible)
36.76 a 7.59 a 15.61 a 49.81 a 20.17 a 18.04 a 12.08 a 5.10 a 13.41 a 5.02 a 14.33 a 22.15 a 11.83 a 17.22 a 9.55 a 11.15 a 6.14 a 36.96 a
33.45 b 7.07 a 14.22 b 45.64 b 16.80 b 16.71 a 11.22 a 4.95 a 12.57 a 4.67 a 13.40 b 20.35 b 10.79 b 15.90 b 8.95 a 10.38 a 5.81 a 34.25 a
35.10ab 7.10 a 15.03ab 47.32ab 17.51 b 16.80 a 11.50 a 4.98 a 12.82 a 4.69 a 13.55 b 21.22ab 11.18ab 16.11ab 8.71 a 10.42 a 5.89 a 35.71 a

Values with same letter within blocks are not significantly different at the 0.05 level according to the Waller-Duncan multiple range test.

acid, proline, glycine, alanine, and histidine (Table
5). Variety by treatment interactions were signifi
cant for aspartic acid, glutamic acid, proline, and
methionine. Changes in total amino acid content
for each line for both types of virus infection were
found (Table 6). The results were quite variable
with no correlation between degree of susceptibility
and changes in total amino acids.

Protein Content
The pooled data of protein content revealed no

significant differences for viral infection (treatment)
or variety by treatment interactions.

Discussion

The chemical composition of peanut seed was
altered by infection with PMV. The infection caused
significant changes in 75% of the fatty acids, 59%
of the free amino acids, and 39% of the total
amino acids. There was no significant effect on
the protein content.

Chemical changes in seed were correlated with
disease severity which was evaluated two ways:
(i) different virus strains and (ii) peanut lines
with different degrees of susceptibility. With sus
ceptible cultivars, PMV strain N causes a much
more severe disease than strain M2 (9, 12); plant
growth is stunted 35% as compared to 12% for
M2, and seed yield loss is about doubled, 64% as
compared to 30% (9). When compared to seed
from uninoculated plants, strain N caused changes
in 63% of the fatty acids as compared to 31% for
M2; 38% of the free amino acids were altered by
N and only 6% by M2. Although chemical changes
(fatty acids, free amino acids, and total amino
acids) were noted for seed from infected tolerant

plants, the number of significant changes was only
two-thirds as great as those observed for seed
from susceptible plants.

The chemical alterations noted in this study
apparently are not correlated with seed transmission
of PMV which occurs at a low frequency (1, 6, 8).
Significant chemical differences were observed be
tween susceptible and tolerant peanut lines; how
ever, the frequency of seed transmission of a mild
strain of PMV was nearly the same for the two
types of lines (1).

Since virus infection changes the chemical com
position of peanut seed, there is need for caution
when chemical analyses are used to evaluate various
seed factors such as oil quality and genetic charac
teristics. PMV is worldwide in distribution (4, 8),
and its incidence in some fields is very high (13);
therefore, the virus effect could be significant on a
variety of standard tests.
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