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Effect of Harvest Time on Yield Components and Quality in ‘Heuksaeng’,
the Purple=Skin Peanut Variety
Eunyoung Oh"', Suk-Bok Pae', Jae Eun Park', Jung-In Kim', Sungup Kim', Myoung-Hee Lee', and Tae Joung Ha'

ABSTRACT This study was conducted to investigate the impact of harvest time on yield and seed quality in purple seed coat
peanut. Compared to the average Virginia peanut variety, ‘Heuksaeng’, purple peanut variety has been reported to experience
yield loss and reduced seed quality under delayed harvest. We examined the yield components and seed quality at different harvest
times from 70 to 110 days after flowering (DAF), with harvesting occurring at intervals of 10 days. The number of mature pods
per plant reached a maximum of 51.0 at 80 DAF, and average pod and seed yield peaked at 80 DAF with values of 5,229 and 3,532
kg per ha, respectively. Seed quality drastically decreased after 100 DAF, and the concentrations of two major anthocyanin
compounds were significantly lower under delayed harvest. The antioxidative activities of DPPH and ABTS decreased to only 69
and 83% of their maximum values at 110 DAF. On the basis of these results, we recommend that ‘Heuksaeng’ is harvested
approximately 10 to 15 days earlier that average Virginia-type cultivars to obtain the highest yield while minimizing the

deterioration of seed quality.
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Well-matured peanut seed contains rich unsaturated
fatty acids like oleic acid, tocopherols, and fat-soluble vitamins,
as well as antioxidant sources from the seed coat (Park &
Park, 2002). Most of the cultivated peanut, as defined to have
an indefinite inflorescence habit, flowering and fertilization
generally last until the harvest, therefore the maturity of the
pod is highly variable (Pae & Kim, 1997). To determine the
optimal harvesting time, the creation of sufficient wrinkles on
the pod surface and the color change of mesocarp are
recommended to be checked (Canavar & Kaynak, 2013;
Gulluoglu et al., 2016; Pattee et al., 1980). The optimum
harvest time for Runner-type variety, ‘Florunner’, which
demonstrated the highest yield, was 146 to 153 days after
planting (Sanders ef al., 1980), and 153 days after sowing for
Virginia-type variety, ‘NC-7’ (Canavar & Kaynak, 2013). On
the cultivation under moderate fertilization, it usually takes 60
to 80 days to be fully-mature after pollination (Stalker &
Wilson, 2016). Park and Oh (1992) reported that between 100
to 110 days after the flowering date, peanut showed the

highest yield of seed. The yield-related components like average
pod numbers, 100-seed-weight were varied by harvesting
time (Lee ef al., 1999). Similar to the yield, seed component,
as well as sensory attributes of peanut seed, was also affected
by the harvest time (Oupadissakoon et al., 1980; Sanders &
Bett, 2010).

The seed coat of peanut is generally composed of 20% of
fat, 19% of protein, 18% of fiber, and 2% of ash (Constanza et
al., 2012). The color of the seed coat peanut is varied by
genetic resources (Branch, 2011). Virginia-type peanut cultivar,
‘Heuksaeng’, with the dark-purple testa was reported to have
sprouting and discoloration characteristics under the delayed
harvest (Pae et al., 2017), which could result in the deterio-
ration of seed quality. The purple pigment of peanut was
mainly composed of two water-soluble cyanidin compounds,
Cyanidin-3-O-sophoroside and cyanidin-3-O-sambubioside
(Attree et al., 2015; Cheng et al., 2009; Zhao et al., 2017). In
soybean, the expression of the black color of seed coat is

primarily determined by the inheritance, but also quantitatively
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affected by the environment and cultivation like harvest time
(Joo et al., 2004). Yi et al. (2008) reported that the total
amount of pigment in seed coat was gradually increased with
the delayed harvesting time in soybean. Taking the importance
of seed quality among the purple-seed coat peanut market, the
study about seed quality affected by the cultivation is still
limited. The objective of this study is the investigation of the
effect by different harvest time, and we examined the yield
components and seed properties of purple seed coat peanut
which is to be expected to provide useful information for
high-quality peanut production.

MATERIALS AND METHODS

Plant Material and Field Investigation

The study was conducted in the experimental field of
National Institute of Crop Science, Miryang, Korea (35°29'36.8"N
128°44'30.3"E) in 2018. We used the dark purple seed coat
variety ‘Heuksaeng’ for the experiment, originated from the
breeder’s seed. The entire field was fertilized with 30-100-100
kg of N-P,0s-K,0 during plowing. Throughout crop cycle,
irrigation was sufficiently provided to keep up the optimal
growing condition. For the cultivation, we used the 0.01
mm-thick polyethylene vinyl for mulching and planted with
the distance of 25 cm per plant and 55 cm per row. Peanuts
were sown in single seed per hole. Peanut seeds were sown on
25™ April and the treatment of harvesting time was divided by
the accumulated days after flowering (DAF), from 70 to 110
days by the interval of ten. The experimental plot was
designed for the randomized block of three replications. From
each replicate, 10 peanut plants were investigated and harvested.

The length of the main stem, number of mature pods per
plant, the ration of the mature pods, the number of seeds per
pod, the ratio of seed and pod weight (shelling ratio), and
100-seed weight were examined. The seed moisture during
drying was obtained using halogen moisture analyzer (MA160,
Sartorius). When seed moisture reached to 6% of seed weight,
pods were manually shelled. The seed quality was divided
into three: high - fully mature and none of the discoloration of
seed, medium - mature and partly discolorated seed, low - a
distinct discoloration and sprout, non-matured seed. It is
defined as the market seed with the sum of high and medium

qualities. For the assessment of seed size, the length of seed

was measured from radicle to the tip of the cotyledon, and the

width for the between of two cotyledons by using calipers.

Chemical Analysis

Dried and shelled peanut seeds were measured for Lab color
space (CM-3700D, Minolta) by a single seed. The pigment was
collected from the extraction of seed coat in 20% of methanol
(1% hydrochloric acid) and analyzed using HPLC (Ultimate
3000, Thermo Scientific) and reversed-phase column (Hypersil
GOLD 4.6x150 mm, 5 um, Thermo Scientific). For the
mobile phase H,O (with 0.1% trifluoroacetic acid for A) and
methanol (with 0.1% trifluoroacetic acid for B) was used with
the gradient of solvent B as follows: 0 min of 8%. 2min of 8%,
Smin of 15%, 7min of 15%, 10min of 20, 13min of 20%,
30min of 35%, 33min of 50%, 35min of 50%, 37min of 8%,
and 45min of 8% with the flow rate of 0.8mL per minute, and
the absorbance was detected at 530nm. The quantification
was performed using the standard-grade Cyanidin-3-O-
sophoroside and cyanidin-3-O-sambubioside (Supelco Inc.).
To access the antioxidant activity of seed coat, seeds were
blanched and the seed coat removed from the kernel was
extracted in 80% ethanol. 2,2'-azino-bis-3-ethylbenzthiazoline-
6-sulphonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging activity were measured onto
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox)
equivalent per 100g of seed coat, the absorbance of the sample
was detected at 735 nm and 520 nm, respectively (Spectra-
MAX384, Molecular Devices LLC). With the homogenized
seed sample, the crude protein (Rapid N Cube, Elementar)
and crude fat content were examined (E-816SOX, Buchi), and
the fatty acid composition was obtained from the gas
chromatography flame ionization detector (A7890, Agilent)
by the method of Lee ef al. (2016).

Data Analysis

Analysis of Variance (ANOVA) was used and all of the
data from the chemical analysis and the measurement from the
field investigation were compared using the Least Significant
Difference (LSD) at P<0.05. All statistical analysis was
conducted by using SAS ver. 9.4 (SAS Institute, 2012).



250 SHEHX|(KOREAN J. CROP SCL.), 65(3), 2020

RESULTS AND DISCUSSIONS

Variation of Yield and Yield Components

The agricultural properties and yield components were
varied by the different harvest time in the study (Table 1). The
length of the main stem was significantly high on the plants
from 100 and 110 DAF, the number of mature pods per plant
was highest on 80 DAF, followed by 90 and 110 DAF.
Likewise, the ratio of the mature pod was higher on 80 DAF
and showed a relatively lower number on 110 and 70 DAF.
These resulted from the increased number of underground
sprouting seeds which was depicted from the study of Pae et
al. (2017), and the pods that began to fall off from the plants
after the maturity stage (Sanders & Bett, 2010). The number
of seeds per 100 pods was highest on 90 DAF indicating 151.5
seeds, and lowest on 110 DAF of 84.9 seeds. The shelling
ratio was highest on 90 DAF. The average weight of 100 seeds
was significantly higher on 100 DAF, followed by 110, 90, 80
DAF. The ratio of market seed with the distinct dark-purple
seed coat and fully mature shape was higher when the earlier
the harvest time was. The proportion market seed on 110 DAF
was 53.2% which is 42%p lower than the seeds from 70 DAF.
The average pod yield was highest on 80 DAF, and seed yield
was also significantly higher on 80 DAF likewise.

Obtained seed yields of 80 and 90 DAF were 29% and 27%
higher than 70 DAF, respectively. Similarly, the numbers of
pods per plant were 29%, 17% higher and 100-seed weight
showed 11% and 16% increase compared to 70 DAF, respe-

ctively. Among the harvest time, 100 DAF indicated the
higher number in 100-seed weight which demonstrated 22%
of increase compared to 70 DAF, however, the market seed
ratio was low about 12% due to the underground sprout and
discoloration, which caused the sharp decline of the seed

yield.

Variation of Seed Quality

The decrease of high-quality proportion was shown with
the delayed harvest time, which was 15.1% on 110 DAF. On
the contrary, medium- and low-quality proportion was gradually
increased after 70 DAF, the low-quality seed ratio of 110
DAF was ten-fold higher than 70 DAF. Seed length and width
peaked from the seed of 90 DAF and did not show any
significant difference after 90 DAF. Among the Lab color of
the seed coat, the lightness (L) was gradually increased with
the increase of DAF due to the decomposition of seed coat
pigment, a and b values were also significantly increased with
the delayed harvest time (Table 2, Fig. 1).

The crude fat contents were highest on 70 DAF and increased
after 100 DAF, and the fatty acid composition did not show
any significant difference by the harvest time (data not shown).
The crude protein of seed reached a maximum of 29.01% on
80 DAF, and a minimum of 27.09% of 100 DAF. The
quantification of cyanidin compounds from the seed coat
extracts, both cyanidin-3-O-sophoroside and cyanidin-3-O-
sambubioside indicated the gradual decrease with the delayed
harvest time. From the 110 DAF extract, both of the major

Table 1. Variation in major yield components of ‘Heuksaeng’ peanuts under different harvest times.

Number of

Length of  Number of Ratio of Shelling Ratio of Yield (kg/ha)
a . seeds per . 100-seed
DAF main stem mature pods  mature 100 pods ratio weight () market seed
(em)  (eafplant)  pods (%) " (%) o pod seed
70 313 b 39.6 a 89.3 a 160.6 a 709 a 583 ¢ 952 a 3,871 a 2,748 ab
80 322 b 51.0 a 933 a 145.7 ab 67.7 ab 64.7 b 934 a 5,229 a 3,532 a
90 314 b 46.2 a 92.8 a 1515 a 70.5 a 67.4 ab 912 a 4,951 a 3,500 a
100 353 a 41.6 a 91.1 a 1324 b 633 b 71.1 a 83.7 b 4,603 a 2,923 ab
110 35.1 a 444 a 893 a 84.9 ¢ 409 ¢ 69.4 ab 532 ¢ 4,725 a 1,918 b
CV (%) 16.0 16.2 3.6 21.3 18.9 7.9 19.6 17.3 26.2
LSDy 05 1.3 5.8 2.7 8.0 2.3 2.3 2.7 634 447

*DAF: Days after flowering

Values followed by the same letter within the same column were not significantly different (ANOVA, LSD p < 0.05).
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anthocyanins were found less than 4% of the extract of 70 and ABTS, followed by 80 and 70 DAF. From the extract of

DAF showing perceivably distinct discoloration. The antioxidant 110 DAF, the lowest scavenging activities were measured
activities represented by the free radical scavenging methods,

the extract from 100 DAF seeds showed the highest DPPH

69% and 83% of the maximum, respectively (Table 3).

Table 2. Changes in seed properties of ‘Heuksaeng’ peanuts under different harvest times.

Seed quality (%) Seed size (mm) Seed coat color

DAF?
High® Medium Low Length Width L a b
70 94.7 a 05 ¢ 48 ¢ 1829 ¢ 792 ¢ 31.19 d 449 ¢ -0.37 d
80 89.8 a 37 ¢ 6.6 ¢ 18.76 bc 8.66 b 33.22 be 459 ¢ 0.57 d
90 76.1 b 15.1b 88 ¢ 20.05 a 9.15 a 32.04 cd 6.89 b 1.85 ¢
100 48.5 ¢ 352 a 163 b 19.93 a 9.08 ab 3472 b 6.86 b 334 b
110 15.1 d 38.1 a 46.8 a 19.56 ab 9.06 ab 36.65 a 8.46 a 6.21 a
CV (%) 47.4 89.9 98.1 6.68 7.34 10.54 34.49 129.25
LSDO0.05 2.5 3.8 2.7 0.51 0.21 0.77 0.40 0.50

’DAF: Days after flowering

"High: fully mature and no seed discoloration, Medium: few non-mature seeds and little discoloration, Low: distinct discoloration
and sprouting, non-matured seeds

Values followed by the same letter within the same column were not significantly different (ANOVA, LSD p < 0.05).

Fig. 1. Changes in seed appearance under different harvest times in ‘Heuksaeng’ peanuts (A: 70 days after flowering (DAF),
B: 80 DAF, C: 90 DAF, D: 100 DAF, E: 110 DAF).

Table 3. Variation in seed content, anthocyanins, and antioxidative activities under different harvest times in ‘Heuksaeng’ peanuts.

DAF® Crude fat Crude protein _ Anthocyanins (mg/g of seedcoat) Antioxidative activity (mgTE/100g)°
(%) (%) Cyd-3-So” Cyd-3-Sam DPPH ABTS
70 51.06 a 28.93 a 7.60 a 5.08 a 15,154 b 15,327 b
80 48.80 b 29.01 a 7.50 a 511 a 15,223 b 15,272 be
90 4849 b 2729 b 6.01 b 452 b 14,426 ¢ 15,173 ¢
100 46.60 c 27.09 b 395 ¢ 293 ¢ 15,755 a 15,450 a
110 49.69 b 2747 b 1.06 d 0.89 d 10,811 d 12,748 d
CV (%) 3.25 3.25 0.23 0.21 13 7
LSDO0.05 0.48 0.30 49.12 4545 127 53
*DAF: Days after flowering
°Cyd-3-So : Cyanidin-3-O-sophoroside, Cyd-3-Sam: Cyanidin-3-O-sambubioside
‘Free radical scavenging activity was expressed as mg of Trolox equivalent per 100g of sample.
Values followed by the same letter within the same column were not significantly different (ANOVA, LSD p <0.05).
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Fig. 2. Estimation of optimal harvest time for ‘Heuksaeng’
peanuts using the bserved yield data and seed qualities.

Estimation of Optimum Harvest Time

From the results of yield components and seed qualities, we
could estimate the optimum harvest time (Fig. 2), which is
demonstrated by the equation [Estimated yield = -2.945x%
(DAF)*+507.41x(DAF)-18299]. It is ascertained that harvesting
around 85 days after flowering could induce the higher
productivity and seed qualities of ‘Heuksaeng’. From these
results, ‘Heuksaeng’ is recommended to do harvest about 10
to 15 days before average Virginia-type cultivar, which is
expected to show their best yield while minimizing the

deterioration of seed quality.
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Supplementary Fig. S1. Average, lowest, and highest records for daily temperature and precipitation in the study area from
seeding to harvesting (gray highlight).



