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SUMMARY: The relationship of chemical quality of peanut seed with the soil temperature (ST) has received little
attention. The aim of this work was to determine the effects of ST in the seed growth environment, during the seed
filling period, on the oleic/linoleic acid (O/L) ratio, alpha, beta, gamma, delta tocopherols and the sum of them
(TT), fructose, glucose and sucrose and the sum of them (FGS), contents in peanut kernels. Field experiments
included cultivars (Florman and ASEM), water regimes (irrigated and water stress), sowing dates and alteration
of ST. The response of O/L ratio to ST fitted a linear model, where the O/L ratio increased while ST increased.
Mean O/L ratios were 1.31 for ASEM and 1.20 for Florman. The TT mean concentration was similar for both
genotypes (478 ppm). A positive association between a-tocopherol (the main source of vitamin E) and ST, and a
negative association between 8 and a tocopherols were detected. The responses of FGS and sucrose to ST fitted
linear models, where increments in ST showed decreases in FGS and sucrose concentrations. However, the decrease
rates of FGS and sucrose in ASEM were three times lower than in Florman. The results showed that ST affected
the chemical composition of peanut kernels, which mainly determines the shelf life and flavor of both genotypes
differentially.
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RESUMEN: Efecto de la temperatura del suelo durante el periodo de llenado de la semilla sobre la relacion oleicol
linoleico, tocoferoles y contenido de aziicares en el grano de mani. La relacion entre la composicion quimica de
los granos de mani con la temperatura del suelo (ST) ha recibido poca atencion. El objetivo de este trabajo fue
determinar los efectos de la temperatura del suelo en la zona de crecimiento de la vaina, durante el periodo de
llenado de grano, sobre la relacidon oleico/linoleico (O/L), alpha, beta, gamma, delta tocoferoles y la suma de
estos (TT), fructosa, glucosa y sacarosa y la suma de estas (FGS), contenidos en el grano de mani. Los experi-
mentos incluyeron cultivares (Florman y ASEM), regimenes hidricos (riego y estrés hidrico), fechas de siembra
y variaciones de ST. La respuesta de la relacion O/L a ST se ajusté a un modelo lineal, donde aumentos de la
temperatura del suelo implicaron incrementos de la relacion O/L. La proporcién media de O/L fue 1.31 para
ASEM y 1.20 para Florman. La concentracion de TT fue similar entre genotipos (478 ppm). Se observaron aso-
ciaciones positivas entre el contenido de a-tocoferol y negativas entre los contenidos de 8 y a tocoferoles respecto
del ST. Las relaciones entre FGS y sacarosa con la ST ajustaron a modelos lineales, donde incrementos de la
ST implicaron disminuciones en las concentraciones de FGS y sacarosa. Sin embargo, las tasas de disminucion
de FGS y sacarosa en ASEM fueron tres veces menor que en Florman. Los resultados evidenciaron que la ST
afectd la composicion quimica del grano de mani que determina principalmente su vida util y el sabor, diferen-
cialmente en ambos genotipos.
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1. INTRODUCTION

The peanut (Arachis hypogaea L.) is a legume
crop that provides high quality protein and oil for
human consumption in many countries. Over the
last 40 years, in Argentina there has been a shift
in the use of peanut crops from edible oil to con-
fectionery products, and in the cultivar types used,
from erect cultivars to runner cultivars (Sanchez
et al., 2010), which contributed to an increase in
crop production. Those changes strengthened the
position of Argentina as peanut exporter to the
world market (Ministerio de Agroindustria, 2019),
making it the seventh-largest world producer and
first world exporter. About 90% of the peanut pro-
duction in the country is obtained in the province of
Cordoba; hence, this crop is very important for the
regional economy because only industrialized and
high value-added products are exported, generat-
ing substantial profits annually. The high quality of
peanut confectionery kernels and products such as
blanched, coated, split, chopped, sliced, pellet and
expeller, shelled, refined and unrefined oil, meal,
paste and butter from Argentina are well known all
over the world and are obtained under certified des-
ignation of origin which guarantees a product grown
under the norms of Good Agricultural Practices
(Camara Argentina del Mani, 2019). To achieve
international leadership, commercialization should
be guaranteed with key aspects of kernel chemical
composition which generate a balance between opti-
mal shelf life, nutritional value, benefits to human
health and a desirable flavor.

The peanut seed of commercial size contains
approximately 50% oil and palmitic, oleic and lin-
oleic acids account for more than 80% of the fatty
acids (Savage and Keenan, 1994). The oxidation rate
is an important factor which affects peanut shelf life
stability (Talcott et al., 2005), and mainly depends
on the oleic/linoleic acid ratio (O/L). Although lin-
oleic acid is an essential fatty acid with nutritional
benefits, it is more susceptible to oxidation than
oleic acid; hence, O/L is a determinant factor in pea-
nut oil quality and it has been widely used to predict
the shelf life and oil stability of peanuts (Ahmed
and Young, 1982).

Tocopherols are lipid-soluble natural antioxi-
dants (Shintani et al., 2002) which contribute to
shelf life, indicate the oxidative state, and stabilize
the quality of stored peanut products (Warner et al.,
1996; Nawar, 2000; Holownia et al., 2001; Frankel,
2005; Silva et al., 2010). In addition, the consump-
tion of food containing tocopherols may help to
reduce the incidence of certain diseases (Messina,
1999; Higgs, 2002; Tucker and Townsend, 2005).
Four different isomers are synthesized in seed pea-
nuts: alpha (a-), beta ($-), gamma (y-) and delta (56-)
tocopherols (Shintani et al., 2002). J-tocopherol is
the component with the highest relative antioxidant

activity, followed by vy-, B-, and o-tocopherols
(Shintani et al., 2002) with a-tocopherols being the
essential vitamin E. The most abundant tocopher-
ols in peanut seeds are a-tocopherol (50-373 ppm)
and y-tocopherol (90-390 ppm) (Firestone, 1999;
Messina, 1999; Higgs, 2002; Tucker and Townsend,
2005; Silva et al., 2010).

The content in soluble sugars is associated with
sweetness, affects the sensorial attributes of the
kernel (Bett et al., 1994) and gives desirable flavor
characteristics to this product. Previous studies
(Gadgil and Mitra, 1983; Bascha, 1992) reported
genotypic variability in sugar concentration, with
sucrose as the main component responsible for
conferring sweetness to peanuts. The combina-
tion of oil, O/L ratio, tocopherols and sugar con-
tent strongly affects the seeds’ chemical quality.
However, the chemical and sensory composition of
peanut seeds is influenced by environmental factors
(crop season, locality and crop season and locality
interaction), genetic factors (cultivars or advanced
breeding lines) and genotype and environment inter-
action and storage conditions (Sanders et al., 1982;
Dwivedi et al., 2000; Andersen and Gorbet, 2002;
Silva et al., 2010; Yol and Uzun, 2018). The envi-
ronmental conditions in the province of Cordoba,
the main peanut producing region in Argentina and
the southernmost and coldest place in the world
where peanuts are produced, are highly suitable for
sugar accumulation, which gives a sweeter flavor to
the peanut seeds (Casini et al., 2003; Misra, 2004).
Sugar content is one of the most important traits
in the chemical and nutritional composition of
peanuts grown in Argentina and contributed to the
obtainment of the certified designation of origin
(Martinez et al., 2010).

Peanut pods develop underground and, there-
fore, their growth is mainly affected by environmen-
tal conditions in the pods’ growth zone (e.g. soil
temperature in the first 5-7 cm). Accordingly, pos-
sible associations between chemical quality and soil
temperature should be considered. Some relevant
factors that modify soil temperature are soil types,
water availability in the pods’ growth zone and till-
age systems. In this sense, the province of Cordoba
presents various soil textures (e.g. clay, loamy and
sandy soils) (Panigatti, 2010), and the seed filling
period is affected by water availability (e.g. irrigated
or rain-fed soils) (Haro et al., 2008) and different
tilling practices (e.g. conventional, reduced or no
tillage) (Haro and Casini, 2008).

Until now, most studies have associated the chem-
ical characteristics of peanuts with the air tempera-
ture during crop development due to the difficulty
of measuring and manipulating soil temperature
(Davis and Dean, 2016). Although air temperature
during crop development can be easily measured, it
may not be a good feature to relate to the changes
in chemical composition of peanut seeds since they
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grow underground. Knowledge about the associa-
tions between soil temperature and chemical qual-
ity variables related to peanut shelf life and flavor
during the seed filling period is an important tool
for adopting management decisions to obtain the
desired chemical characteristics of the seeds at
harvest.

Florman INTA was the cultivar most commonly
sown in Argentina but later it was replaced by the
cultivar ASEM 485 INTA. The latter has a shorter
growth cycle than the former, which allows growers
to have a greater sowing date window, and produce
higher yield (Haro et al., 2007, 2008). In order to
contribute to the certified designation of origin
according to Cordoba state law 10094 “Cordoba
Peanuts”, those yield increases should be accom-
panied by a chemical quality which is similar to or
higher than that of Florman INTA. To our knowl-
edge, this issue has still not been investigated. Hence,
the aim of this study was to determine the effect of
soil temperature during the seed filling period on
the oleic/linoleic ratio, and the tocopherol and sugar
contents of the cultivars Florman INTA and ASEM
485 INTA.

2. MATERIALS AND METHODS
2.1. Field experimental design

Field experiments (Exp,) were conducted during
(1) 2002-2003 at the Institute of Phytopathology and
Plant Physiology (IFFIVE) of the National Institute
for Agricultural Technology (INTA) (31°24°S,
61°11°W), and (ii) 2005-2006 at Manfredi (31°49°S,
63°46’W) experimental station of INTA (Table 1).
The runner-type cultivars Florman INTA (hereafter
referred to as Florman) and ASEM 485 INTA (here-
after referred to as ASEM) were sown on October
17 and November 29, 2002 in Expl, on November
14, 2005 in Exp2 and November 21, 2005 in Exp3.
The crops were hand planted in rows at 0.7 m apart,
using a stand density of 14 plants m™. Soil type was
silty loam Typic Haplustoll (USDA Soil Taxonomy)
at IFFIVE and Manfredi. The plots were main-
tained free of weeds by frequent hand removal, and
received periodical applications of 125 mL-ha™ of
tebuconazole (a-[2-(4-chlorophenyl) ethyl]-a-(1,1-
dimethylethyl)-1H-1,2,4-triazole-1-ethanol) for pre-
venting foliar diseases.

TABLE 1. Detail of experiments.

Soil temperature Chemical

Experiment Site Year Sowing date Cultivar  Treatment R5-R8 (°C) determinations
Expl IFFIVE-INTA 2002-2003  October 17 Florman IRR 20.5 Oleic, Linoleic,
ASEM IRR 21.8 Fructose, Glucose,
Sucrose
November 29  Florman IRR 18.6 a, B, v, 0-Tocopherols
ASEM IRR 19.0
October 17 Florman WS 24.4 Oleic, Linoleic,
ASEM WS 25.7 Fructose, Glucose,
Sucrose
November 29  Florman WS 21.6 a, B, v, 8-Tocopherols
ASEM WS 21.9
Exp2 Manfredi INTA 2005-2006 November 14  Florman IRR 21.4
ASEM IRR 21.7 Oleic, Linoleic,
Florman WS 22.4 a, B, v, 8-Tocopherols
ASEM WS 25.0
Exp3 Manfredi INTA 2005-2006 November 21  Florman Heat 32.6
ASEM Heat 32.6
Florman Ambient 21.6 Oleic, Linoleic,
ASEM Ambient 21.6 a, B, v, 0-Tocopherols
Florman Cool 19.9
ASEM Cool 19.9

IRR: irrigated; WS: water stress; R5: beginning seed filling; R8: harvest maturity; R5-R8: period between beginning seed filling and

harvest maturity.
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The crops grew under the conditions of different
water availability in Expl and Exp2, and without water
restrictions in Exp3. Two water regimes were used in
Expl and Exp2: (i) irrigated (IRR), where plots were
watered to maintain the plants’ available water con-
tent at above 60% within the rooting depth; and (ii)
water stress (WS), rainwater was withheld during peri-
ods of the growth cycle by means of four automatic
mobile shelters (6 m wide x 12 m long each). WS treat-
ments differed between Expl and Exp2. In Expl WS
plots received full irrigation [i.e. equivalent to match
maximum crop water use (WU)] until R1 (beginning
bloom; Boote 1982) and no additional water from
irrigation or rainfall from this stage onwards. In Exp2
full irrigation was applied until R1; partial irrigation
(~44% of the amount used in IRR plots) was applied
between R1 and RS (beginning of seed filling period),
followed by the addition of small amounts of water
(~5 mm/day three times per week) between R5 and
harvest maturity (R8) to minimize the negative effects
of soil strength on pegging and early pod growth.
In Expl and Exp2 the IRR plots were randomized
within the sheltered plots. A split split-plot design was
used in Expl, with water availability in the main plots,
sowing dates in the subplots and cultivars in the sub-
subplots. In Exp2, water availability was in the main
plots and cultivars in the subplots. Both experiments
were performed with four replicates.

Exp3 (Table 1) consisted of three soil temperature
(ST) treatments: (i) sub- surface ST reduced by the
application of 1000 g'm™ of maize stubble on the
surface; (ii) ST increased with electric heating cables
(electric resistances) buried at 7 cm below the soil
surface; and (iii) control with bare soil. This experi-
ment was done with three replicates and plots were
four rows wide and 10 m long. The mean ST data
reported were monitored with thermocouples at 7cm
below the soil surface during the seed filling period
until harvest maturity (i.e. R5-R8) (Boote, 1982).
The average daily mean of ST was based on hourly
observations during the seed fill period R5-R8.

Peanut seeds of the three field experiments were
hand-harvested at approximately 9% moisture.
Only the kernels with commercial seed size retained
by sieves or screens of round-hole mesh (7.5 mm
diameter) were considered for the determination of
fatty acids, tocopherols and sucrose, fructose and
glucose contents. The relationship among variables
was explored with a regression analysis and the
confidence interval of the model parameters was
determined. Significance of difference between the
parameters of fitted linear models was evaluated
using the F test (Statistix V7, 2000).

2.2. Chemical determinations
The commercial peanut seed size of each sample

(50 g) was ground and made to pass through a 180
um mesh sieve. The chemical variables evaluated

were O/L ratio; a-, B-, y- and 6-Tocopherols and the
sum of them (TT) expressed in ppm in oil; and fruc-
tose + glucose + sucrose and the sum of them (FGS)
g-kg™ in defatted flour. Oil concentration (expressed
as percentage of dry matter) was extracted using
Twisselman equipment, as specified by the Official
Methods of the American Oil Chemists’ Society
(AOCS, 1998), with n-hexane as extraction sol-
vent. Methyl esters of unsaturated fatty acids: Oleic
(C 18:1) and Linoleic (C 18:2) acids, (expressed as
percentage of dry matter) were prepared following
AOCS Ce 1-62 (AOCS, 1998). Unsaturated fatty
acids were analyzed with a Gas Chromatograph
(Hewlett Packard 6890, Wilmington, DE, USA)
equipped with a flame ionization detector with a
capillary column HP-INNOWAX (Cross-linked
Polyethylene Glycol), with a film 0.32 mm by 30 m,
0.5 um in thickness. Standard fatty acid mixtures
(FAME Mix Rapeseed, AOCS) purchased from
Sigma-Aldrich (St. Louis, MO, USA) were used as
calibration standards. The variable defined as oleic
to linoleic ratio (O/L) was constructed because this
relationship is considered a general indicator of oil
quahty Tocopherol determination (expressed as mg
kg oil) was performed from previously extracted
oil following AOCS method Ce 8-89 (AOCS, 1998),
with a High Performance Liquid Chromatograph
(Agilent 1100 high performance resolution, Palo
Alto, CA, USA), equipped with a diode array detec-
tor (DAD). Separation was achieved with a Zorbax
RX-Sil column (4.6 x 250 mm, 5 pm), maintained
at 25.5 °C during the run. The mobile phase was
n-Hexane 99.5% in 2-Propanol, both of high per-
formance liquid chromatography (HPLC) purity.
UV absorbance was monitored at 298 nm. InJectlon
volume was 20 ul and flow rate was 1 ml min”
Calibration curves were obtained using commer-
cial a (AT) and 6 (DT) tocopherol standards pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).
Response factors of f (BT) and y (GT) tocopher-
ols were calculated from AT and DT, respectively,
and were corrected for their molar extinction coef-
ficient and molecular mass. Total tocopherol (TT)
was calculated by adding the individual tocopherol
isomer (a, B, v, 0) contents. Free sugars (fructose,
glucose, and sucrose) were determined following
the method published by Casini et al., (2003) and
analyzed by HPLC in a High Performance Liquid
Chromatograph plus autosampler (Agilent 1100
high performance resolution, Palo Alto, CA, USA).
Sucrose, glucose, and fructose were separated in a
25 em x 4.6 mm Supelco SNH2 column at a con-
trolled temperature of 25.5 °C. The eluent was
acetonitrile/water (75:25) at an isocratic flow rate
of 1.5 mL'min” and a run time of 15 min using a
refractive index detector (RID). All standard solu-
ble carbohydrates such as sucrose, fructose and glu-
cose, were purchased from Sigma Chemical Co., St.
Louis, MO.
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3. RESULTS

The response of O/L ratio to ST during the
R5-R8 period fitted linear models in both cultivars
(Yeiorman = 0.17 + 0.048 X; ™ = 0.60; P < 0.001;
Yasem = 0.10 + 0.054 X; r* = 0.75; P < 0001)
(Figure 1). The slopes of the fitted models did not
show statistically significant differences within the
cultivars; however, ASEM showed a tendency to
higher O/L ratio than Florman across the tempera-
ture range evaluated (Table 1). Taking into account
the fitted models, the O/L ratio ranged between
1.07 and 1.63 (1.5-fold increase with respect to
the minimum), and ST ranged between 19 °C
and 25.7 °C (1.4-fold increase with respect to the
minimum). The average O/L ratio within the ST
range explored by the models was 1.31 for ASEM
and 1.20 for Florman. Increases in the O/L ratio
were associated with higher soil temperature and
this scenario was observed in water stress plots.
The difference in the O/L ratio between cultivars
tended to increase with increasing mean ST (e.g. at
19 °C: 1.08 vs 1.13, and at 24.4 °C: 1.34 vs 1.43 for
Florman and ASEM, respectively). On the other
hand, the low values for the O/L ratio obtained in
32.6 °C of soil temperature stood out (heat treat-
ment of Exp3), where the average values for the
O/L ratio were 1.04 and 1.05 for Florman and
ASEM, respectively.

The response of a-tocopherols to ST fitted a
11near model for both cultivars (Y = 110.5 + 4.4 X;

= 0.51; P < 0.001) (Figure 2), with increases in

1.8

17 1
16 o

1.5 1
14 a

13 .8
1.2 4
1.1 1 A I
1.0 1

0.9 -
0.8

O/L ratio

14 17 20 23 26 29 32 35
Soil temperature during R5-R8 (°C)

FIGURE 1. Response of O/L ratio to soil temperature during
the R5-R8 period for Florman and ASEM cultivars sown
in Expl, Exp2 and Exp3. Circle symbols and dashed line
represent Florman; Square symbols and solid line represent
ASEM. White and grey symbols are for pods growing with and
without water restrictions, respectively. Fitted models were of
the type: Y = a + (b X X). Each point represents an individual
replicate. Computed models were:
Y =0.17+0.048 X; 1’ =0.60; P <0.001 (Florman).
Y= 010+0054X r—075 P <0.001 (ASEM).

ST which induced increases in a-tocopherols at a
rate of 4 ppm per °C. The range of a-tocopherols
was between 170.1 and 282.4 (1.7-fold increase with
respect to the minimum), and ST ranged between
18.6 °C and 32.6 °C (1.8-fold increase with respect
to the minimum). The average of a-tocopherols was
211.3 ppm and 208.5 ppm for Florman and ASEM,
respectively. The increases in o-tocopherols with
increasing ST were not reflected by the TT response
(Figure 3), which showed a random distribution of
TT in both cultivars with average values of 475 ppm
and 480 ppm for Florman and ASEM, respectively.
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260

220 J

180 1

a-Tocopherol (ppm)
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100 ; ; ‘ ‘ ‘ .
14 17 20 23 26 29 32 35
Soil temperature during R5-R8 (°C)

FIGURE 2. Response of a-tocopherol to soil temperature
during R5-R8 period for Florman and ASEM cultivars sown
on Expl, Exp2 and Exp3. Symbols as in Fig.1. Solid line
represents fitted model for both cultivars of the type:

Y =a + (b x X). Each point represents an individual
rephcate Computed model was:

=110.5+4.4X: 1" =0.51; P <0.001.
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Soil temperature duringR5-R8 (°C)
FIGURE 3. Response of Total tocopherols to soil temperature

during the R5-R8 period for Florman and ASEM cultivars
sown in Expl, Exp2 and Exp3. Symbols as in Fig.1.
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FIGURE 4. Relationship between d-tocopherol and
o-tocopherol for Florman and ASEM cultivars sown
in Expl, Exp2 and Exp3. Symbols as Fig.1. The solid
line represents the fitted model for both cultivars, of

the type: Y = a + (b X X). Each point represents an

individual replicate. Computed model was:
Y =39.5-0.12X; r* = 0.70; P < 0.001.

These increases in a-tocopherols were partially off-
set by decreases in y-tocopherols (P = 0.048; data
not shown) and é-tocopherols (P < 0.001; data not
shown). The most abundant isomer in peanuts was
y-tocopherol, with average values of 246 ppm and
250 ppm for Florman and ASEM, respectively. The
sum of the isomers a and y accounted for 95 — 98%
of TT. A negative relatlonshrp between 98- and
a-tocopherols (Y =39.5-0.12X; > =0.70; P < 0.001)
was established (Figure 4). These tocopherols were
the isomers which were the most sensitive to varia-
tions in ST. Finally, B-tocopherols represented less
than 1% of TT and showed a random behavior.
Average B-tocopherol values were 3.3 ppm and 3.7
ppm for cultivars Florman and ASEM, respectively.
FGS concentration was negatively related to
the ST in both cultivars (Ygoman = 258.9 - 8.2 X;
7 =0.91; P <0.001; Y agem = 148.6 - 2.5 X; 17 = 0.71;
P<o0. 001) (Figure Sa) indicating that FGS decreased
with increasing ST. Water stress induced increases in
ST and lower FGS concentration. Statistically sig-
nificant differences (P < 0.001) among the slopes of
the fitted models were observed, indicating that the
decrease rate was three times higher in the cultivar
Florman. These response patterns were governed by
sucrose concentration, which accounted for 93% of
the sugars evaluated. The average FGS across the
ST range evaluated was 85 g-kg” and 95 gkg' for
Florman and ASEM, respectively, and y accounted
for 95 -98% of TT. A negative relationship between
sucrose concentration and ST was estabhshed for
both genotypes (Yplorman 288.3-10.0 X; r = 0.94;
P < 0.001; Yasem = 155.6 - 2.9 X; 1> = 0.72;
P < 0.001) (Figure 5b). The slopes of the fitted
models showed statistically significant differences
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N
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20 : : : ;
17 19 21 23 25 27
Soil temperature during R5-R8 (°C)

FIGURE 5. (a) Response of FGS and (b) Sucrose to soil
temperature during the R5-R8 period for Florman and ASEM
cultivars sown in Expl and Exp2. Symbols and lines as in Fig.1.
Fitted models were of the type: Y = a + (b x X). Each point
represents an individual rephcdte Computed models were:
(a)YFlmmdn—2589 8.2X; r =0.91; P <0.001;
Y asem = 148.6 - 2.5 X; 1 =0.71; P < 0.001.
(®) Y Frorman = 288. 37100X r’ =094 P <0.001;
Y asem = 155.6-2.9 X; 17 = 0.72; P'<0.001.

(P < 0.001) between genotypes, which expressed a
decrease rate that was three times higher for Florman.
The decrease in sucrose concentration was obtained
under water stress, which induced hlgher ST. Average
sucrose concentrations were 76 g-kg”' and 91 g'kg’
for Florman and ASEM, respectively. Glucose and
fructose concentrations represented 7% of FGS and
did not respond to ST (data not shown).

4. DISCUSSION

ST was a robust indicator of the O/L ratio. This
variable subsumes several assumptions that should
be considered when using air temperature to infer
ST behavior. For example, in the study of Casini
et al., (2003), which was carried out in a similar
environment using the cultivar Florman, it was
necessary to include the variable sum of precipi-
tations to estimate temperature decrease caused
by wetting the surface soil layer. In our study, the
manipulation of ST allowed us to explore a wider
temperature range (7.1 °C) than the 2.1 °C range
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used in Casini ef al., (2003). Furthermore, ST cap-
tures the effects of other factors (e.g. water status
of soil surface, presence of surface or subsurface
stubble, soil texture) that cannot be explained by
air temperature. The O/L ratio determined by ST
variations suggested the obtaining of seeds with
differential qualities according to environments
(e.g. region and crop husbandry). In the main pea-
nut region of Argentina, the province of Cérdoba,
sandy-loam soils predominate. These kinds of soils
are often known as warm soils and would be suit-
able for obtaining seeds with high O/L ratios, as
the higher temperatures during seed filling period
decrease the concentration of linoleic acid, increas-
ing the oleic/linoleic ratio (Golombek et al., 1995).
In contrast, lower O/L ratios would be found in
seeds from the central region of Cordoba where silt-
loam soils, known as temperate soils, predominate.
The effects of sandy-loam soils on the O/L ratio
could be enhanced by low water storage of these
soils, which exacerbates the temperature increases
in the pod-growth zone during periods of low rain-
fall. These responses would enhance peanut shelf
life and decrease rancidity (Braddock et al., 1995)
in seeds from the southern region, but also lower
seed weight and peanut yield (Haro et al., 2008).

The higher average O/L ratio found for the culti-
var ASEM (1.31) in the present study suggested that
genetic improvement in peanuts from Argentina,
whose main aim was to increase yields and decrease
the length of the growth cycle, also influenced
improvement in the grain quality variable. However,
this O/L ratio value is still lower than that of gen-
otypes cultivated in warmer regions. Indeed, an
average O/L ratio of 2.6 was determined when 10
normal cultivars grew in Florida (USA) (Andersen
et al., 1998). In high-oleic cultivars, the O/L ratio
is markedly higher than in non high-oleic cultivars,
but those genotypes were not evaluated in this study.
Special attention was paid to the values of O/L ratio
obtained from seeds grown in heated soil plots (heat
treatment of Exp3), achieving a constant soil tem-
perature of 32.6 °C. We suspect that those outlier
values of O/L ratio, not agreeing with the paradigm
“higher temperature produces greater O/L ratio”,
could have resulted as a consequence of maintaining
a continuously high temperature (32.6 °C) and mini-
mum daily fluctuation (+ 0.5 °C). Nevertheless, the
absence of evidence in the literature prevents us from
confirming our suspicions. In addition, the thermal
scenario of 32.6 £ 0.5 °C contrasts with those usual
soil temperatures recorded in peanut fields, where
fluctuating dynamics between the maximum and
minimum ST take place daily. The absence of ther-
mal fluctuations in heat treatment plots could have
affected the normal functioning of the enzyme D12
desaturase, which catalyzes the reaction of oleic
acid to linoleic acid and, consequently, the O/L ratio
(Andersen et al., 1998).

The wide ST range detected highlights the
importance of environmental conditions prevail-
ing in the peanut growing area, which was reflected
in the increase in a-tocopherols with the increase
in ST. Hashim et al., (1993a) observed a significant
a-tocopherol increase in seeds under water stress
during the seed filling period compared to seeds
grown without limited water availability condi-
tions. Our results agree with the evidence obtained
by Hashim et al., (1993a), since imposed drought
produced desiccation of the soil surface layer and
it induced an increase in temperature in the pod
growth zone (Giambastiani and Casanoves, 2000).
In this study, water stress and heated soil induced
increases in o-tocopherol values with respect to
the control (i.e. irrigation and environment of cool
temperature, respectively), resulting in an increase
in vitamin E in the seeds. This confers commer-
cial advantages due to the discrimination of seeds
according to the environment of origin, reinforcing
the concept of denomination of origin. For exam-
ple, seeds with more vitamin E (i.e. a-tocopherols)
and O/L from sandy soils are desirable chemical
characteristics for the shelf life of the seeds and for
people’s health. Moreover, y-tocopherols decreased
with increasing air temperature and, although a
high variability was observed, it was offset by the
increase in a-tocopherols. The §- and f-tocopherols
determined in Florman and ASEM represented
the smallest proportions of TT, which is in agree-
ment with previous reports (Hashim ez al., 1993a;
Giambastiani and Casanoves, 2000; Jonnala
et al., 2006; Shin et al., 2009). However, the sig-
nificant negative association (P < 0.05) between
d-tocopherols and a-tocopherols, which is con-
sistent with results reported for soybeans (Seguin
et al., 2009; Carrera et al., 2011), should be high-
lighted. This negative association would reflect
the competition for 2-methyl-6-phytyl-1,4-benzo-
quinone, the common precursor for the synthesis
of a-tocopherols and d-tocopherols (Sattler et al.,
2003). TT was not associated with changes in ST
for either Florman or ASEM, due to the compen-
sation effects among isomers. The average values
obtained (478 ppm) were within the range estab-
lished by Hui (1996) (268-510 ppm) and are close
to those determined by Casini ez al., (2001, 2003),
who found values of 525 ppm and 528 ppm in each
study, respectively, in a similar soil type to that of
our study.

To our knowledge, the present study is the first
one to address the response of peanut tocopher-
ols to ST in the pod growth zone. Indeed, previ-
ous studies found associations of TT content with
water stress (Hashim ez al., 1993a; Casini et al.,
2003). Jonnala et al., (2006) and Shin et al., (2009)
also quantified TT contents but did not relate
this chemical variable to environmental ones. As
in Casini et al., (2001, 2003), the present results
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demonstrate that the TT of peanuts produced
in Cérdoba (Argentina) is lower than the values
(538-656 ppm) reported for the principal growing
regions in the USA (north of Florida, southeast of
Georgia, Virginia and Texas) (Hashim ez al., 1993b;
Sanders et al., 1994; Grimm et al., 1996). Besides,
those studies concluded that lower TT contents
were associated with regions of more temperate
climates, as in the peanut region in Cérdoba. As
discussed above, ST was not associated with TT;
however, we cannot confirm that our results are
in disagreement with those reported for the USA
because those studies evaluated the effects of mean
air temperature measured over the peanut crop.

The average FGS concentratlons of the cultl-
vars Florman (85 g'kg') and ASEM (95 g'kg')
determined in this study was higher from the value
reported for the main producing area in the USA,
with a range between 39-54 g'kg' determined
in the north of Florida and southeast Georgia
(McMeans et al., 1990; Grimm et al., 1996; Pattee
et al., 2000). This type of response of increases of
FGS to decreases in ST, (Fouconnier et al., 2002),
explains the differences in FGS and sucrose (which
represented 93% of the FGS in the present study)
between peanuts from the main producing region
in Argentina and the USA. In Argentina, the seed
is exposed to cooler temperatures (19.5 °C) during
the seed filling period than in the main peanut pro-
ducer region of USA (27.2 °C) (Casini et al., 2003).
Our determinations based on ST in the pod growth
zone showed significant reductions in FGS con-
centrations with increasing ST for both genotypes.
However, under a wide ST range, the variations were
slight for ASEM (2.5 ¢g kg 'CT) and pronounced for
Florman (8.2 g-kg'-°C™"), although both genotypes
had similar concentrations (105 g'kg') at about
18.5 °C of ST (Figure 5a).

Sucrose concentration followed similar pat-
terns to those of FGS, w1th decredse rates of
2.9 gkg'°C' and 10 gkg'°C' in ASEM and
Florman, respectively, during increasing ST. These
differential behaviors between genotypes showed
that ASEM maintained high FGS and sucrose
concentrations, regardless of the environments to
which the crop was exposed during the seed filling
period. Thus, ASEM can be expected to preserve a
sweeter flavor than Florman, even under great ST
increases (e.g. drought periods that produce desic-
cation of the soil surface layer). This response high-
lights the chemical quality of Argentina’s peanut
seeds with respect to seeds from other latitudes and
becomes an advantage in the commercialization.
Maintaining a sweet taste despite changes in soil
temperature, along with its greater potential yield
than that of Florman (because of a higher parti-
tioning ratio) (Haro et al., 2007), is an adaptive
advantage obtained from the genetic improvement

of peanuts in Argentina. In a field experiment in
which the pod growth zone was cooled to 21.7 °C,
McMeans et al., (1990) found a decrease rate in the
cultivar Florunner close to the one found in the
present study for the Varlety ASEM under increases
in ST (2.2 g'kg'-°C™), but at an initial concen-
tration of only 52 g-kg'. Because these authors
considered that the entire crop growing season and
the seed filling period occurs in autumn, the ST is
expected to be lower during this period and com-
parable to the mean minimum ST (18.5 °C) found
in our study. However, ASEM doubled the FGS
concentration with respect to the value reported by
McMeans et al., (1990). Therefore, besides ASEM’s
desired attributes, which were evaluated during the
improvement process in Argentina (increased yield
and shortening of the growth cycle in temperate
environments); the cultivar would have an addi-
tional genotype advantage in terms of the FGS
content pattern. The detrimental effects of ST
increase on FGS concentration found in the work
of McMeans et al., (1990) were confirmed by Burke
et al., (2009) and in the present work. Moreover,
Burke et al., (2009) evaluated two genotypes grow-
ing under controlled hydroponic conditions and
showed that sugar content has a greater association
with ST than with air temperature.

5. CONCLUSIONS

ST was useful in evaluating the chemical charac-
teristics of peanuts for human consumption. Such
features are involved both in peanut shelf life and
flavor. Thus, ST was a robust tool to demonstrate
that a contemporary genotype (ASEM), which was
selected based on its greater partitioning of seeds,
improved the aspects of chemical quality. The O/L
ratio increased slightly in ASEM at the temperature
range evaluated, denoting a greater shelf-life period
for peanuts than its ancestor, Florman. TT concen-
tration was similar in both genotypes, with a consis-
tent increase in a-tocopherols (principal source of
Vitamin E) at higher ST. At high ST, ASEM main-
tained higher FGS concentrations than Florman,
and the decrease slope was significantly lower at
increasing ST. This is an essential adaptive advan-
tage because it confers stability against interannual
variations in ST; which is a key factor for preserving
the certified designation of origin obtained for pea-
nuts grown in Argentina.
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