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Effect of the Herbicide Metribuzin on the Nitrogenous Constituents of

Potatoes
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The effect of the herbicide metribuzin on the nitrogenous constituents of five potato cultivars was
investigated in a 2-year study. Metribuzin was sprayed on the plots at the rate of 1.5 kg/ha AI (1.3
lb/acre) in two different ways: treatment 1 (Tr 1), application to the soil at preemergence; treatment
2 (Tr 2), application to the soil at both pre- and postemergence of the plant. Both Tr 1 and Tr 2
resulted in significant increases in total nitrogen and protein content over the controls, and the increases
were greater with Tr 1 than with Tr 2. Significant decreases in nitrate nitrogen content occurred fol-
lowing Tr 1 whereas Tr 2 resulted in significant increases in nitrate nitrogen content as compared to
controls. Essential amino acids such as valine, methionine, and leucine were greatly increased up to

19.7% by Tr 1 and decreased by 20.6% by Tr 2.

Chemical weed control using herbicides is widely prac-
ticed to minimize damage to the potato plant. However,
little research has been done on the effect of herbicides
on potato quality. Herbicides are categorized into sev-
eral classes on the basis of their chemical properties. The
herbicide metribuzin used in this study belongs to the
class of triazines (subclass triazinones) categorized as pow-
erful inhibitors of photosynthesis. Metribuzin inter-
feres with the photochemically induced electron trans-
port in plants (Geissbuhler, 1979; Tischer and Strot-
mann, 1977). Metribuzin is very effective for control of
grass and broadleaf weeds infesting agricultural crops such
as potatoes, sugarcane, soybeans, wheat, lentils, etc. Since
metribuzin is a very active herbicide, preemergence and
postemergence applications have shown good selectivity
and provided excellent control of many important leaf
weeds.

Triazine herbicides are known to have a profound effect
on the nitrogen metabolism of treated plants. Simazine
significantly increased the total nitrogen content of leaves
of sweet lime and sour orange (Goren and Monselise, 1966),
corn (Fink and Fletchall, 1967; Ries and Gast, 1965; de
Vries, 1963), pine (de Vries, 1963), and leaf nitrogen of
peach and apple (Ries, et al., 1963). Total nitrogen was
also increased when atrazine was applied to corn (Fink
and Fletchall, 1967) and corn and johnsongrass (Gram-
lich and Davis, 1967). Triazines are also known to exhibit
the so-called protein effect. Simazine increased the pro-
tein content of the leaves of sweet lime and sour orange
(Goren and Monselise, 1966), rye and peas (Ries et al,,
1967), and forage grasses (Allinson and Peters, 1970) but
had no significant effect on the total protein content of
coastal Bermunda grass (Monson et al., 1971) and wheat
(Ries et al., 1970). However, increases in seed protein of
wheat due to simazine resulted in higher yields of the
second generation (Ries et al., 1970). Triazines also
increase nitrate uptake in plants (Fink and Fletchall, 1967;
Gramlich and Davis, 1967).

The protein content of the potato is nutritionally well
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balanced, containing substantial levels of essential amino
acids such as lysine and leucine, making potatoes a good
complement to cereals. Scrimshaw and Young (1976)
found the essential amino acid content of potatoes to be
adequate in tryptophan but poor in methionine and cys-
tine. According to Rexen (1976) the limiting amino acid
was methionine for some varieties and isoleucine for oth-
ers.

Nitrates are potential toxicants in the tubers since they
serve as precursors of nitrites. The occurrence of nitrites
in foods is a cause for concern because they oxidize fer-
rous hemoglobin to ferric hemoglobin, subsequently inhib-
iting oxygen transport through the body and resulting in
methemoglobinemia (Hartman, 1982). Nitrites also react
with secondary or tertiary amines to form carcinogenic
and mutagenic N-nitroso compounds (Walters et al., 1979).
According to White (1975), potatoes contribute approx-
imately 14% of the per capita ingestion of nitrates in
the United States.

This investigation was carried out in order to study
the efffect of metribuzin on the total nitrogen, protein,
nitrate nitrogen, and amino acid contents on potato tubers.

MATERIALS AND METHODS

Five potato cultivars were used in this study. Katahdin, Lemhi
Russet, and Hampton cultivars grown at the Cornell Vegetable
Research Farm in Freeville, NY, were used in the first year and
Katahdin, Norking Russet, and Shepody in the second year of
the study. Metribuzin was sprayed on the soil at the rate of
1.5 kg ha™! active ingredient (AD) at two different times: (1) at
the preemergence stage to one group of potatoes (Tr 1); (2) to
the soil at preemergence and again after emergence (Tr 2) to
the other group of potatoes. The postemergence application
was carried out 3 weeks following emergence of the plants. Three
replicates were made on each treatment. Tubers were har-
vested 18 weeks after planting and stored in the dark at 5 °C
and 95% RH until analyzed. Analyses were made within 1 week
following the harvest. Lyophilized potato tissue was used in
the determination of total nitrogen, nonprotein nitrogen, pro-
tein, and amino acid contents.

The tubers of size C (approximately 7.2-cm diameter) were
cut longitudinally from bud to stem end and the slices (2 mm
thick) separated into cortex (including the peel) and pith sec-
tions along the vascular ring. Two samples, each consisting of
eight tubers, were analyzed for each treatment. Duplicate extrac-
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Table II. Effect of Preemergence (Tr 1) and Pre- plus
Postemergence (Tr 2) Treatments on the Free Amino Acid
Pool of Katahdin and Lemhi Russet Potatoes

amino Katahdin Lemhi Russet

acid® C Tr1 Tr 2 C Tr1 Tr 2
Asp 2.67 1.98 1.75 3.11 7.07 2.97
Glu 2.03 1.10 1.29 2.44 2.39 2.56
Ser 0.73 0.80 0.66 0.77 0.81 0.72
Asn 11,73 16.31 12.98 11.29 11.92 11.23
Gly <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Gln 2.66 4,34 3.37 4.86 4.40 4.41
His 0.49 (.56 0.42 0.53 0.46 0.39
Thr* 0.35 0.44 0.39 0.39 0.42 0.38
Ala 0.20 0.34 0.19 0.32 0.29 0.25
Arg 4,34 4.76 4.45 5.09 4.39 3.82
Pro 0.13 0.18 0.15 0.69 0.57 0.44
Tyr 0.77 0.69 0.55 0.85 0.80 0.78
Val* 1.25 1.39 1.04 1.39 1.19 1.15

Met* 0.32 0.39 0.28 0.15 0.12 0.15
Cys <0.02 <0.02 <002 <002 <0.02 <0.02

Tle* 0.45 0.48 0.34 0.49 0.46 0.37
Leu* 0.21 0.19 0.13 0.28 0.29 0.25
Phe* 0.44 0.41 0.26 0.61 0.49 0.55
Trp* <0.02 <002 <0.04 <0.04 <003 <003
Lys* 0.62 0.56 0.45 0.89 0.86 0.71

% Amino acids data reported as milligrams per gram dry weight.
Asterisks indicate essential amino acids.

Table III. Effect of Preemergence (Tr 1) and Pre- plus
Postemergence (Tr 2) Applications of Metribuzin on Amino
Acid Content of Katahdin and Lemhi Russet Potatoes
Derived upon Hydrolysis

amino Katahdin Lemhi Russet

acid® C Tr1 Tr 2 C Tr1 Tr 2
Asx 12.79 14.64 13.08 10.88 13.07 11.35
Glx 6.27 7.43 6.65 7.07 7.76 7.89
Ser 2.33 2.45 2.31 1.66 2.63 1.75
Gly 1.73 1.88 1.81 1.49 1.60 1.62
His 0.19 0.96 0.85 0.78 0.81 0.64
Arg 5.94 5.66 5.64 5.41 5.56 5.12
Thr* 1.90 2.11 1.97 1.47 1.72 1.34
Ala 1.46 1.58 1.49 1.15 1.33 1.12
Pro 1.98 2.36 2.19 2.29 2.22 2.31
Tyr 1.32 1.79 1.49 1.21 1.62 0.99
Val* 2.97 3.15 2.89 2.61 2.88 247
Met* 1.16 1.35 1.23 0.91 1.06 1.00
Cys 0.58 0.85 0.77 0.65 0.62 0.65
Ile* 1.77 1.78 1.66 1.39 1.70 1.19
Leu* 2.79 3.05 2.88 2.26 2.66 2.13
Phe* 1.90 1.97 1.86 1.57 2.01 1.39
Lys* 1.73 1.60 1.55 1.33 1.79 0.91

¢ Amino acids data reported as milligrams per gram dry weight.
Asterisks indicate essential amino acids.

lysine, which was lowered in the Katahdin cultivar (Table
III). Treatment 2 decreased most essential amino acids
of both cultivars. Some essential amino acids were, how-
ever, increased by Tr 2. They are threonine, methio-
nine, and leucine of the Katahdin cultivar and lysine of
the Lemhi Russet cultivar. Overall Tr 1 increased the
essential amino acid content by 5.56% in the Katahdin
cultivar and 19.75% in the Lemhi Russet cultivar while
Tr 2 decreased the amino acid content by 1.27% in the
Katahdin cultivar and 9.62% in the Lemhi Russet culti-
var.

SUMMARY

When metribuzin was applied prior to plant emer-
gence to the soil in which potatoes were grown (Tr 1 or
preemergence treatment), the quality of the tubers was
superior to that in which pre- plus postemergence appli-
cations (Tr 2) of metribuzin were used. The tubers result-
ing from preemergence treatment were higher in total
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nitrogen and protein content and lower in nitrates than
tubers resulting from the pre- plus postemergence treat-
ments. The preemergence treatment also resulted in
greater increases of amino acids than the pre- plus poste-
mergence treatments. Therefore, application of metribuzin
to the soil prior to the emergence of the plants is more
beneficial and results in tubers that are safer and more
nutritious.
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Oxygen-17 and Proton Nuclear Magnetic Relaxation Measurements of
Soy Protein Hydration and Protein-Protein Interactions in Solution
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The amount and mobility of “bound” water in neutral aqueous suspensions of a commercial soy pro-
tein isolate were quantitated by means of transverse and longitudinal 1’0 NMR relaxation measure-
ments at 54.2 MHz and 21 °C. Data analysis yielded 33.2 g of “bound” water/100 g of protein and
correlation times of 14.2 ns and 32-34 ps for the motions of “bound” water. The hydration of the
same protein isolate was investigated by 'H NMR transverse relaxation measurements at 10 MHz
and 22 °C. Up to 10% (w/w) protein aqueous dispersions were measured at pH 4.5, 7, 9.1, and 11 in
the absence and presence of NaCl. In all cases, a nonlinear protein concentration dependence was
observed for relaxation rates. Protein—protein interactions were quantitated by fitting the 'TH NMR
data by a virial expansion. Transverse 'H NMR relaxation rates showed a linear dependence on pro-
tein activity. Data interpretation was based on the effects of the NMR measurements of the ioniza-
tion of protein groups, the state of protein aggregation, and the binding of salt by the protein.

1. INTRODUCTION

Protein-water interactions have been extensively stud-
ied because of their fundamental role in biological sys-
tems (Kuntz and Kauzmann, 1974). Recently, soybean
protein has become increasingly important as a food ingre-
dient, with its performance in food systems being inti-
mately related to its hydration properties (Kinsella et
al., 1985; Chou and Morr, 1979). Water vapor sorption
isotherms of various soy protein preparations have been
reported (Hagenmaier, 1972; Puri and Bala, 1975; Her-
mansson, 1977; Hansen, 1978; Chou and Morr, 1979). The
amount of water that remains unfrozen in the presence
of soy protein has been estimated by using differential
scanning calorimetry (DSC) (Muffett and Snyder, 1980)
or nuclear magnetic resonance (NMR) (Hansen, 1978; Der-
byshire, 1982). Other pertinent work involved measure-
ments of the spontaneous uptake of liquid water by pro-
tein powders (Hermansson, 1972; Lopez de Ogara et al.,
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1987) or the amount of water retained by the insoluble
protein after centrifugation of a protein dispersion (Flem-
ing et al., 1974; Hutton and Campbell, 1981) as well as
other empirical approaches to the determination of soy
protein hydration (Elgedaily et al., 1982).

Nuclear magnetic resonance relaxation is a noninva-
sive technique that can provide information about the
amount and the mobility of “bound” water (i.e., the frac-
tion of water that is significantly perturbed by the pro-
tein) and the extent of various intermolecular interac-
tions (Derbyshire, 1982; Bryant and Halle, 1982; Pessen
and Kumosinski, 1985).

The purpose of the present study is to calculate the
hydration parameters of soybean protein from 0 NMR
relaxation measurements; we also aim to quantitate pro-
tein—protein interactions using 'H NMR at various val-
ues of pH and ionic strength.

2. THEORY

Among the three different nuclei that can be used in
NMR studies of the molecular properties of water (i.e.,
'H, 2H, and 70), oxygen-17 is the one whose NMR relax-
ation is free from the complications of cross-relaxation
and chemical exchange, thus providing the most direct
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