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Abstract:

Background: Cowpea seeds are susceptible to seed deterioration during storage. Therefore, a treatment is
needed to improve the viability of the seeds, including in the form of seed invigoration by seed priming. The
purpose of this study was to study the effect of the type of water hyacinth root extract on the viability of cowpea
nagara seeds and determine the best concentration for its effect on viability of nagara cowpea seeds.

Materials and Methods: The experiment was carried out in April - November 2022 at the Plant Physiology
Laboratory, Faculty of Agriculture, ULM Banjarbaru which arranged in a Nested Design repeated 3 times. Five
levels of concentrations nested in 2 types of solvent. The observed variables were percentage of normal seedling
at the age of 5 days after sowing (NS 5 DAS), percentage of germinated seeds at 5 DAS (% GS 5 DAS),
percentage of seed germination (SG), height of seedling at 8 DAS, and dry weight of shoot of normal seedling
height at 8 DAS. The data were analyzed with analysis of variant or Friedman Test.

Results: There was a significant effect of the concentration of water hyacinth root extract in methanol solvent,
but not significant in water solvent, namely at NS dan GS 5 DAS, height at 8 DAS, and dry weight of shoot of
normal seedling, but no treatment which better than control.

Conclusion: The 2.5 % concentration of water hyacinth root extract at methanol solvent was able to increased
seed germination compared to the control without priming from 29.33% to 38.67%. Root of water hyacinth
extracted with water as solvent gave higher dry weight of shoot of normal seedling compared to methanol
solvent (0.7879 g and 0.5370 g)
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I.  Introduction

Cowpea is a family of legumes that have high nutritional value. Cowpea protein content is 11.21-
34.91%, carbohydrates 31.11-54.02%, crude protein (prebiotics) 3.94-22.12%, fat (0.81-5.42%), iron (0.89-
65.21 mg / 100 g), calcium (1.50-16.15 mg / 100 g), phosphorus (171.55-554.01 mg / 100 g), magnesium (0.26 -
1658.84 mg/ 100 g), potassium 1.03-13,445.25 mg / 100 g and sodium /0.13-2.21 mg / 100 g)!Y.Cowpea leaves
are rich in beta-carotene and iron, i.e. 0.25-36.55 and 0.17—75.00 mg/100 g leaf dry weight™. As a high protein
seed, it is susceptible to seed deterioration during storage. Therefore, a treatment is needed to improve the
viability of the seeds, including in the form of seed invigoration, which is an effort to maximize the potential for
seed viability by seed priming.

Priming of seeds with various materials was reported to be able to improve the performance of seed
viability. Biopriming in the form of Plant Growth Promoting Regulation (PGPR) had a significant effect on
increasing viability of rice seeds™, hydropriming of cowpea seeds!*®. The positive effect of osmopriming with
NaCl on cowpea seeds also was reported [4].Thei)ositive effect of osmopriming with Poly Ethylene Glycol
(PEG) on nagara cowpea seeds were reported ©®.Priming of nagara cowpea seeds with water hyacinth root
extract improves seed viability performancel’. Thepositive effect of water hyacinth root extract on longan seed
viability was reported !,

In addition to being able to improve the performance of seed quality with invigoration techniques,
priming materials are also needed which are easy to obtain (available in abundance in nature) and inexpensive.
Dried water hyacinth root powder dissolved in water had a positive effect on cayenne pepper™ as well as
extracts with aquadest as a solvent™. Root of water hyacinth extracted with water was better than aquadest
solvent, and aquadest solvent was better than powder dissolved in water. The concentration of 7.5% and 15.0%
in water solvent was better than 22.5% and 30.0%\. The use of methanol as a solvent in the noni fruit
extraction process gave a better response than water solvent to reduce the percentage of viability of rumen
protozoa and total gas production in vitro was reported™. Further observations are needed on the nagara
cowpea seeds applied with some concentration of 2 types of water hyacinth root extract.
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The purpose of this study was to examine the effect of the type of water hyacinth root extract on the
viability of cowpea nagara seeds and determine the best concentration for its effect on viability of nagara
cowpea seeds.

1. Material And Methods

The experiment was carried out in April - November 2022 at the Plant Physiology Laboratory,
Faculty of Agriculture, University of Lambung Mangkurat Banjarbaru, and the Greenhouse of BPSBTPH of
South Kalimantan. The materials used were cowpea nagara seeds, water hyacinth root extract (methanol and
water solvent), tub, sand, sand sieve, basin, seed soaking jar, oven, scales, ruler, and equipment for test of seed
viability in sand media.

The experimental arranged in a Nested Design repeated 3 times. Concentrations (2.5%, 5.0%, 7.5%,
10.0%, 12.5%, and 15.0%) nested in the type of solvent (methanol and water) The experiment also included a
control without priming (WP) and a control 0.0 %. The required number of seeds are soaked according to the
treatment for 3 hours, drained, then sown on sand media. The observed variables were percentage of normal
seedling at the age of 5 days after sowing (NS 5 DAS), percentage of germinated seeds at the age of 5 days
after sowing (% GS 5 DAS), percentage of seed germination (SG), height of seedling at the age of 8 days after
sowing, and dry weight of shoot of normal seedling height at the age of 8 days after sowing.

The data were tested for homogeneity of variance with the Bartlett Test. Variance Analysis (Anova)
were carried out following an additive linear model, namely:

Yijk = +ai + Bj(i) + + e(ij)k

If there was an effect of treatment based on analysis of variance, then the test is continued with the
Least Significant Difference Test (LSD) at a significant level of 5%, as follows:

LSD = ta/2 KTG/r

LSD = smallest real difference value

ta /2 = t table value in db error

KTG = mean square of error

r = repetition

Parametric test, namely Fiedman Test were performed if the data did not meet the requirements for
parametric test. If the Friedman test showed a significant difference, then the Friedman multiple comparison test
was continued :

A2 =% 3 [R(Xij)]2 ; [R(Xij] =rating of each experimental units
i=1j=1
k

B2 =1/b YRj2 ;b =number of repetition ; Rj2 =number of rating of repetitions

=1
T2 ={(b-1)[B2- bk(k+1)2/4]} / (A2-B2);

According to Conover (1980), F value on dbl=k1=k-1=7 and db2=k2=(b-1)(k-1)=14 at 5 % level is
2.76 (A.26 Table). There are the treatment effect if T2 >2.76.
Multiple comparison of Friedman Test is as follows ::
Toors = |[2b(A2-B2)

G-DE-D If value of Tqg75< differenceof 2 treatments, then 2 difference are not

significantly

I11. Result
Percentage of Normal Seedling at the age of 5 days after sowing (% NS 5) DASand Percentage of
Germinated Seeds at the age of 5 days after sowing(% GS 5 DAS)

Friedman test was used in data analysis of % NS and % GS 5 DAS, because it did not meet the
requirements of the parametric test. There was a significant effect of the concentration of water hyacinth root
extract in methanol solvent, but not significant in water solvent. Multiple comparison test of Friedman test for
these two variables in methanol solvent can be seen in Table 1.

Table 1. Result of multiple comparisons of concentration treatment on the type of methanol solvent based on
Friedman's test on % NS 5 DAS and % GS 5 DAS

Concentration % NS 5 DAS % GS 5 DAS
Without Priming (WP) (29.33)20.0cd (32.00) 20.0cd
Co (0.0 %) (35.33)21.0d (35.33) 22.0d
c1 (2.5 %) (30.67) 21.0d (34.00) 20.0cd
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¢, (5.0 %) (21.33) 15.0bcd (22.67) 15.0bc
cs (7.5 %) (14.67) 13.0bc (19.33) 13.0bc
¢4 (10.0 %) (3.33) 9.0ab (4.00) 9.0ab
cs (12.5 %) (0.00) 4.5a (0.00) 4.5a

cs (15.0 %) (0.00) 4.5a (0.00) 4.5a

Note: the same letter behind the number in each variables were not significantly different; the number outside the brackets
were the rating number while the number inside the brackets were the original number

A significant decrease in % NS 5 DAS compared to the WP treatment occurred from the
concentration of water hyacinth root extract at 7.5%, namely from 29.33% to 21.33%. The control treatment of
0.0% and 2.5% of water hyacinth root extract showed a higher % NS 5 DAS value than WP, namely 35.33%
and 30.67% respectively, although it did not showed a significant difference. Percentage of NS 5 DAS in the
10% treatment was not significantly different from the 5.0% and 7.5% treatments, but was not better than the
12.5% and 15.0% treatments.

Alike to % NS 5 DAS, was also seen in the % GS 5 DAS. There was no significant difference
between the WP treatments to 0.0%, 2.5%, 5.0%, and 7.5%. Priming with a concentration of 2.5% was only
better than a concentration of 10.0% - 15.0%. However, like % GS 5 DAS, there was a tendency that the % NS
5 DAS which treated with water priming (0.0%) tended to be better than WP, with values of 35.33% and
32.00%, respectively (Table 1).

Based on data on this experiment, it appears that although water hyacinth root extract in methanol
solvent showed a significant effect, it was not able to improve the % NS 5 SAP and % GS 5 SAP. That was
thought to be caused by a very low initial viability, which was indicated by the WP treatment. as a control,
namely 29.33%. The seeds of nagara cowpea used in this study were seeds harvested by farmers in September
2021 which were purchased in April 2022 (7 months after harvest).

The percentage of seeds germinating at the age of 5 days after sowing (% SG 5 DAS) illustrated the
potential for seed germination. The value which not so different from the normal seedling at the age of 5 days
after sowing (% NS 5 DAS), indicated that the potential for seed germination was indeed low (Table 1).

Seed Germination (SG)

The analysis of variance of seed germination using control WP showed that treatment, concentration
in methanol solvent (C|j2) had a very significant effect, control vs. treatment had a significant effect, while the
type of solvent and concentration in the type of water solvent (C|j1) had no significant effect. Analysis of
variance with 0.0% control showed that the treatment, concentration in type (C|J) had a very significant effect,
while control vs. treatment, type and concentration in water solvent (C|j2) did not have a significant effect. No
significant different between the WP and the treatment (Table 2).

Table 2. Result of LSD test at comparison between control without priming (WP) with the average treatment

on seed germination
Percentage of Seed Germination (%)

Wi Mean of Clljl Czljl Cgul C4|j1 CSUI C6|j1
Treatment

5.77b 4.80a 4.72a (18.67)  5.09b 5.06b 5.42b 4.61a 5.05b

(29.33) (20.56) (22.00) (22.00) (25.33) (18.00) (22.00)
cili cali: Csli calj Celiz Celiz
6.53c 6.07b 4.35a 3.05a 3.60a 3.12a
(38.67) (33.33) (15.33) (5.33) (10.00) (7.33)

Note: The b letter showed that it was not significantly different from the control; ¢ = higher than control; a = lower than
control

On average, it appears that the control was better than the treatment. There are treatments that are not
significantly different from the control, namely c2|j1 (22.00 %), c3|j1 (22.00 %), c4|j1 (25.33 %), c6]j1 (22.00 %
), and c2|j2 (33.33%). There was one treatment that was better than WP, namely c1|j2 (38.67 %), one treatment
which was equivalent to WP, namely c1|j2 (33.33%) while the others had a lower germination values than the
control (5.33% - 15.33 %). LSD test of the effect of concentration in methanol solvent on seed germination can
be seen in Table 3.

Table 3. Result of LSD test for comparison of concentration in water solvent (C|j2) for the percentage of seed

germination
Clj> Based on Anava with 0.0 % as control
Cali Caliz Caliz Caliz Csliz Coliz
6.53c 6.07c 4.35b 3.05a 3.60ab 3.12a
(38.67) (33.33) (15.33) (5.33) (10.00) 7.33)
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Clj, Based on Anava with WP as control

Calj Calj Calie Cali Csli Csliz
6.25¢c 5.77c 3.91b 2.41a 3.01b 2.27ab
(38.67) (33.33) (15.33) (5.33) (10.33) (7.33)

Note: the same letter in C|j, based on ANOVA at WP control or CJj, at 0.0 % control was significantly different from the
control at 5% level; numbers in () was the real numbers; the number outside () was the square root transformation x
+4 for control 0.0 % and Vx+0.5 for control WP

Based on Table 3, it appears that the concentrations of 2.5% and 5.0% showed better seed
germination values (38.67 % and 33.33 %) compared to concentrations of 7.5% - 15.0%. There was no
difference in the germination value at concentrations of 10.0%, 12.5%, and 15.0%.

The Seedlings Height at The Age at 8 Days After Sowing (Seedling Height 8 DAS)

Like % NS and % GS 5 DAS, the height of seedlings at the age of 8 days after sowing (seedlings
height 8 DAS) also did not meet the requirements for the parametric test, so the Friedman Test was carried out.
There was an effect of concentration on the on the seedlings height 8 DAS in methanol solvent, but not in water
solvent. Multiple comparison test of Friedman test can be seen in Table 4.

Table 4. Result of multiple comparisons of concentration treatment on methanol solvent based on the
Friedman test at the seedlings height 8 DAS

TR Co Ce

c1 c2 C3 Cy c5
(0.0 %) (2.5 %) (5.0 %) (7.5 %) (10.0 %) (12.5 %) (15.0 %)
(26.94) (26.42) (24.50) (23.19) (19.63) (23.79) 9.17) (8.17)
21b 21b 18ab 10ab 7ab 9ab 9a 9a

Note: the same letters behind the numbers was not significantly different; the number outside () was the rating number,
while the number (') was the original number

Table 4 showed that application of water hyacinth root extract concentration up to 10.0% was not
able to increased seedling height 8 DAS. A significant decrease compared to the control WP and 0.0% occurred
at a concentration of 12.5% - 15.0%.

Dry Weight of Shoot of Normal Seedling

In the analysis of variance of dry weight of shoot of normal seedlings, which WP as control showed
that treatment P, type of solvent, concentration in methanol solvent (C|j2) had a very significant effect, while
control vs. treatment and concentration in water solvent (C|j1) not significant. Analysis of variance which 0.0%
as control showed that treatment, control vs. treatment, type of solvent, concentration in methanol solvent (C|j2)
had a very significant effect, while concentration in water solvent (C|j1) had no significant effect. The LSD test
showed that no different effect between WP and the treatment (Table 5).

Table 5. Result of LSD test for comparison of control and treatment for the dry weight of shoot of normal

seedlings
Dry Weight Of Shoot Of Normal Seedlings (g)
Control Treatment cilis coli calix Cali1 Csljz Calix
(0.0 %)
1.0538b 0.7341a 4.8398a 0.9418b 0.8866a 0.9332b 0.8001a 0.8655a
(1.1140) (0.6092) (0.7277) (0.8973) (0.7930) (0.8827) (0.6613) (0.7717)
Cli Cali Cali Caljz Csljz Celj2
0.9905h 0.9471b 0.6344a 0.4615a 0.0949a 0.0937a
(0.9830) (0.9173) (0.4153) (0.2140) (0.0270) (0.0263)

Note: the same letter as the letter behind the number on the control (b) showed that it was not significantly different from the
control; ¢ = higher than control; a = lower than control

Table 5 showed that several treatments were different from each others, but there was no treatment
that could increased the dry weight of shoot of normal seedlings compared to 0.0% control. On average, it
appears that the dry weight of shoot of normal seedlings in the control was better than the treatment. However, if
you look at each treatment, there were treatments that were not significantly different from the control, namely
Coli1 (0.8973 @), c4lj; (0.8827 g), cqlj» (0.9870 g), and c;,|j,. (0.9173 g).

The LSD test on the effect of the type of solvent on the dry weight of shoot of normal seedling can be
seen in Table 6.
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Table 6. Result of :LSD test for comparison between water solvent (j;) with methanol solvent (j,) for the dry
weight of shoot of normal seedlings

Type of Solvent Dry Weight of Shoot of Normal Seedlings (g)
Water (ji) 0.8778b(0.7879)
Methanol (j,) 0.5370a(0.4305)

Notes: different letters showed differences at the 5% level; the number outside ( ) was the transformation number of VX ;
number () was the original number

Root of water hyacinth extracted with water as solvent gave higher dry weight of shoot of normal
seedling compared to methanol solvent (0.7879 g and 0.5370 g respectively). However, there was no effect of
concentration at the water solvent and the contrary there was an effect of concentration at the methanol solvent.
Result of LSD test for the effect of concentration in methanol solvent (C|j,) on the dry weight of shoot of normal
seedling can be seen in Table 7.

Table 7. Result of LSD test for comparison of concentrations in methanol solvent (CJj,) for the dry weight of
shoot of normal seedling

calj2 Cali2 Cali2 Cali2 Csliz Celiz
0.9905d 0.9471d 0.6344c 0.4615b 0.0949a 0.0937a
(0.9810) (0.8969) (0.4024) (0.2130) (0.0090) (0.0088)

Notes: the same letter in Cl|j; was not significantly different from the control at the 5% level; the number () were original number; the
number outside () were the the transformation number to V(x+0.5)

Table 7 showed that the concentration of 2.5% and 5.0% in water solvent had a dry weight of shoot of
normal seedling was not significantly different (0.9810 g and 0.8969 g, respectively) and both were higher than
the dry weight of shoot of normal seedling at the concentration of water hyacinth root extract 7.5% (0.4024 g).
The dry weight of shoot of normal seedling at a concentration of 10.0% water hyacinth root extract (0.2130 g)
was higher than at a concentration of 7.5% (0.4024 g). It was also seen that the concentrations of 12.5% and
15.0% showed a dry weight of shoot of normal seedling was not significantly different (0.0090 g and 0.0088 g,
respectively) and both were lower than the other treatments.

IV. Discussion

The low seeds viability in this experiment was thought to be related to the length of storage of the seeds
and the moisture content of the seeds when the seeds were stored in the farmer. The initial moisture content of
the seeds when purchased from farmers was 11.82%. For example, the required moisture content for local
soybeans is 11.0%!*. Referring to soybeans, the moisture content of cowpea during storage (before planting)
should be < 11.0%. Soybean seeds stored with moisture content of 8% and 10% in polyethylene plastic bags and
aluminum foil bags can maintain high quality for 6 months of storage™. This implies that if the moisture of
seeds is > 10%, the viability of the seeds will decrease if they are stored for or more than 6 months. .

The low initial seeds viability causes the seeds could no longer activate the enzymes needed for optimal
germination, even though water hyacinth root extract had been given which according to some researchers can
improve the performance of seed quality. As a result, at the age of 5 DAS, the growth of seedlings (indicated by
percentage of normal seedlings and the persentage of germinated seeds) was not significantly different from the
seeds that without priming (WP) or hydropriming (0.0% extract). Even at a concentration of 12.5% — 10.0%, it
caused a decrease in the value of the observed variables. Seed deterioration had implications for the low
physiological quality of seeds. Seed deterioration is a combination of physiological and ultra-structural
abnormalities of seeds which include changes in the protoplasm, cell nucleus, mitochondria, plastids, ribosomes,
and lysosomes*®,

On average, it appears that the control was better than the treatment. However, if you look at each
treatment, then there are treatments that were not significantly different from the control, namely c2|j1 (22.00
%), c3|j1 (22.00 %), c4|j1 (25.33 %), c6|j1 (22.00 %) , and c2|j2 (33.33%). Wahyuni et al. (2020) reported that
in rice seeds, the control (without treatment) had 98.5% germination not significantly different from the
treatment of 10 ppm GA 3 + 15 ppm kinetin (97.5%) and immersion in water (98.5%) "),

Even though the 2.5 % concentration of water hyacinth root extract at methanol solvent was able to
increased seed germination compared to the control without priming from 29.33% to 38.67% (Table 2), much
lower than the minimum standard of seed germination of soybean seeds. = The minimum standard for
germination of soybean seeds for extention seed (ES), the first — 4th offspring of ES (BR1 to BR4), and local
varieties were 65%4. The value of seed germination at a concentration of 2.5% was not significantly different
from a concentration of 5.0%, namely 33.33 % (Table 2). The result of this study was in concordance with other
research which stated that increasing vigor and viability of deterioration seeds can be done by using seed
invigoration techniques, such as by soaking the seeds in a certain material™®?®. Soaking seeds in gibberellic
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acid solution were able to increase the germination of some seeds with various degrees of deterioration. The
concentration used depends on the type and degree of seed deterioration:?.

The low germination of the seeds in the water hyacinth root extract treatment in this study was thought
to be due to the low initial quality of the seeds used. The value of germination in the WP as control treatment
was only 29.33%, so that even though water hyacinth root extract was treated, it could not achieve the minimum
requirements for seed germination, although there was an increase in seed germination in the 2.5% treatment of
water hyacint root extract (Table 2).

The treatment of water hyacinth root extract 7.5% and 15.0% in water solvent were better than the
treatment of 22.5% and 30.0%. The best treatment in distilled water was 7.5% water hyacinth root extract.
However, only water hyacinth root extract concentration treatment of 15.0% in water was able to increase seed
germination up to 80.67%®. The difference response of seed germination on the concentration of water
hyacinth root extract between the 2021 and 2022 studies is thought to be caused by differences of the solvent
used in the preparation of the extract, in addition to the low initial vigor of the seeds.

The positive effect of water hyacinth root extract, on seeds of Pinus roxburghii and Bauhinia
purpurea’®, on spinach seeds expired for 1 month but not for 6 months®®?. Improvements in the number of
wheats germinated seed in organic fertilizer treatment with water hyacinth root extract ?*!. The germination of
sapodilla seeds increased from 16.67% at 0 ppm extract to 80.55% at 500 ppm™. There was an interaction
between water hyacinth root extract concentration and genotype. The best water hyacinth root extract was given
at a concentration of 15.0% in the KT 9 genotype!?®.

In line with the results of this study, there was a decrease in seed quality due to invigoration of low
vigor hanjeli (Coix lacryma—jobi L.) seeds®”. The results of their experiments showed that invigorating the
seeds with hot water at a temperature of around 70°C, reduced the seeds germination from 50.67% (control) to
25.33% (treatment). The decrease did not occur in high vigor seeds (early germination 90.67 %). The same
thing was also reported that the treatment of 0.04% streptomycin sulfate + 0.01% benomyl in the seed treatment
caused a decrease in seed germination compared to the control, from 98.5% to 89.5%“". The invigoration
treatment of several concentrations of NAA and bean sprout extract on apple cucumber seed germination!?l,

Besides being described by seed germination, seed quality is also described by seed vigor. Seed height
is one of the seed vigor variables. A decrease in vigor leads to seed death, but loss of vigor occurs before losing
the ability to germinate ?*. This implies that the vigor has decreased when the germination power is still high.
Seed treatment with matri-conditioning plus Rhizobium sp. and fungicides can increase the vigor index of
bambara beans®.

Loss of seed vigor is associated with a decrease in the ability of the seeds to carry out all physiological
functions that occur until they appear to be normal seedlings. The decrease in seed vigor can be seen from the
progressive changes in membrane integrity, enzyme activity and protein synthesis. These biochemical changes
can occur very quickly (several days) or slowly (years), depending on genetic factors and the production
environment that are not yet fully understood ). This could explain, that based on the height of shoot of normal
seedling at 8 DAS, it showed the inability of the seedlings to perform better than the control, while on the
variable of seed germination, the positive effect of water hyacinth root extract could be seen at a concentration
of 2.5%.

The dry weight of shoot of normal seedlings increased from the control 0.33 g to 0.49 g on the average
treatmen[g]m. Water solvent was better than distilled water, and distilled water was better than powder dissolved
in water*".

The low seed viability may be related to membrane damage and due to prolonged imbibition. Seed
imbibition that exceeds the capacity of its needs, will cause a decrease in seed viability, even cause seed
death®. Ruliyansyah (2011) stated that imbibition in low viability seeds will take place quickly and cause cell

membrane leakage. Membrane damage does not occur if the seeds have high viability™?.

V. Conclusion

1. There was a significant effect of the concentration of water hyacinth root extract in methanol solvent, but
not significant in water solvent, namely at NS dan GS 5 DAS, height at 8 DAS, and dry weight of shoot of
normal seedling, but no treatment which better than control.

2. The 2.5 % concentration of water hyacinth root extract at methanol solvent was able to increaseseed
germination compared to the control without priming from 29.33% to 38.67%.

3. Root of water hyacinth extracted with water as solvent gave higher dry weight of shoot of normal seedling
compared to methanol solvent (0.7879 g and 0.5370 g respectively)
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