J Appl Biotechnol Rep. 2019 Dec;6(4):180-185

Journal of

Applied Biotechnology

@ 10.29252/ABR.06.04.08

Reports

L))

i Original Article

Effect of Urea Fertilizer and Poultry Manure on Nitrate
Reductase Activity of Potato and some Tuber Composition

Mohammad Asefi', Mahmud Khoramivafa', Ahmad Ismaili?, Mohsen Saeidi’

'Department of Agronomy and Plant Breeding, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran
’Department of Agronomy and Plant Breeding, Faculty of Agriculture, Lorestan University, Khorramabad, Iran

Corresponding Author: Mahmud Khoramivafa, PhD, Assistant Professor, Department of Agronomy and Plant Breeding, Campus of
Agriculture and Natural Resources, Razi University, Kermanshah, Iran. Tel: +98-9122451629, Email: khoramivafa@razi.ac.ir

Received July 14, 2019; Accepted August 10, 2019; Online Published December 5, 2019

Abstract

Introduction: Nowadays, increasing environmental risks to human health have caused increasing attention to use chemical nitrogen sources
efficiently or nitrogen supplying from organic amendments. In this respect, chicken manure seems to be a good alternative to chemical nitrogen
fertilizers. The purpose of this experiment is to investigate the role of urea and poultry manure and ecological factors (climate) on the quantity of
some chemical compositions of the potato tuber.

Materials and Methods: To study the effects of urea and poultry manure on some potato tuber compositions, the factorial experiment was conducted
in 2015-2016 during the growing season in 2 regions; Azna and Khorramabad which is located in Lorestan province in the west of Iran. The factors
were 2 different sources of nitrogen supply including urea fertilizer and poultry manure.

Results: Results show that the highest activity of nitrate reductase (NR) in both sites was observed using 10304 kg of poultry manure ha™'. The results
also showed that the tuber nitrate content was only affected by the fertilizer source. In both studied places, the highest tuber nitrate was associated
with high levels of urea fertilizer. Based on the results, the vitamin C of potato tubers grown by poultry manure were also superior to the relative
vitamin C content. According to the results of this experiment, the accumulation of more than 2 times the nitrate in the tubers was obtained from
urea fertilizer (244.2 versus 100 ppm).

Conclusions: In order to achieve food security and an efficient and sustainable food chain, chemical fertilizers must be replaced with organic
fertilizers. Thus, the belief that the use of organic fertilizers, at any level, would not cause any problem for the health of products is definitely

incorrect.
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Introduction

Increasing concerns in regards to environmental pollution
along with human health risks have been resulted in paying
more attention to increase nitrogen uptake efficiency or supply
it through non-chemical nitrogen sources. Organic fertilizers,
in contrast to mineral fertilizers, gradually release nitrogen
for plant nutrition, which prevents excessive accumulation of
nitrates in the tissue of plant.'

The global demand for nitrogen fertilizers is increasing day
by day, so that global nitrogen consumption has increased 100
times since the past 100 years. Using high volumes of nitrogen
has had severe environmental consequences as well as health
damages. Perhaps one of the most prominent damages is
the accumulation of nitrates in the edible organs of plants.?
However, for replacing the chemical fertilizers, a source of
organic fertilizer is needed that has a good mineralization
rate and also must be rich in micro and macro elements. In
this respect, chicken manure seems to be a good alternative.’

There is an increasing interest in environmental protection
and food quality which has resulted in a considerable

expansion in the non-chemical depended farming systems
in recent decades. Opposed to chemical depended farming
systems, organic systems are widely identified as sustainable
and consumer environment - friendly, as they specifically
avoid using agrochemicals such as fertilizers and pesticides.*

Potato is one of the 140 species belonging to Solanum
genus, which is referred as the hidden jewel, due to its role in
eliminating global crises, such as hunger and poverty.” Based
on literature, Iran has produced close to 5 million tons of
potato per year in 2016.°

Effective fertility management is critical to profitable
production of potatoes. In addition, potatoes have a relatively
high water consumption (about 6500 m’ha™!) therefore
supplemental Irrigation is necessary in drought regions.”
As a result, the nitrate leaching result in the contamination
of groundwater with nitrate in the potato fields or its
accumulation in the edible organs.® It has been reported that
97% of nitrate entries the human body through vegetables,
32% of which is the contribution of potato consumption.’

The acceptable daily intake (ADI) of nitrate ion is 3.65 mg
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kg™ body weight (equivalent to 219 mg.day” for a person
weighing 60 kg) based on the European Commission (EC)’s
and Scientific Committee for Food (SCF).!°

The accumulation rate of nitrate in potato tubers, in
addition to the genetic factor, is attributed to other factors
such as light intensity, growth season temperature, pest and
disease control methods and soil moisture.”>'" The response
of a plant to nitrate accumulation is depended on nitrate
reductase (NR) enzyme activity and other metabolic reactions
mainly related to nitrate. Also, the NR activity is related to the
amount of nitrate sensitive protein production. It is suggested
that this protein is probably linked to the regulating region of
the nitrogen reductase gene and the mRNA expression of the
NR enzyme."

The major sources of vitamin C in the human diet are fruits
and vegetables. Potato is one of the most important sources
of vitamin C in the countries which produce and consume
potatoes. Any enhancement in the vitamin C content of
potatoes results in a beneficial impact on human nutrition."

Few studies have been conducted on the supply source of
nitrogen and environmental factors on potato compositions.
In this regard, the effect of nitrogen fertilizer was investigated
on some chemical compositions of early potatoes. The results
of this experiment showed that an increase in the nitrogen
content increased the tuber yield but reduced the amount
of starch and crude protein. Also, the ratio of amino acids
associated with total nitrogen was decreased. In this case, the
decrease in the amount of arginine amino acids, glutamine
and aspartic acid was more pronounced.'* In another study, it
has been shown that the rates of vitamin C is affected by the
source of nitrogen fertilizer and the cultivation system.'

Determining the role of urea and poultry manure as well
as the effects of climate and soil conditions on the amount
of nitrate, vitamin C, etc. can be an important step towards
improving potato market and community health. To replace
or reduce the use of chemical fertilizers, a source of organic
fertilizers is needed which can be quickly mineralized and
also be rich in terms of micro and macro elements. In this
regard, it seems that chicken manure is a good alternative
to chemical fertilizers in the potato cultivation.” However,
the high consumption of organic fertilizers may also result
in the accumulation of nitrate in potato tubers.! Therefore,
the purpose of this study was to investigate the role of urea
and poultry manure and ecological factors (climate) on the
quantity of some chemical compositions of the potato tuber.
Also, the replacement or reduction of nitrogen fertilizer with
chicken manure was investigated in order to determine the

Table 1. Soil Physicochemical Analyses (Depth of 0-30 cm)

best value of it by maintaining the quantitative and qualitative
performance of potato. However, due to excess application of
nitrogen in intensive potato production systems, providing
practical solutions to manage nitrogen is extremely.

Materials and Methods

The experiment was conducted as a randomized complete
block design with 11 treatments on the potato of Banba
cultivar (Medium - tall, an early main crop with good
warehousing) in 3 replications in 2 regions (Azna and
Khorramabad, located in Lorestan province, west of Iran).
Each plots were 2.25 m wide and 2.55 m long including 4
rows with 75 and 17 cm distance between and within potato
plants in rows, respectively. Tubers of 60-70 g were sown on
the 10™ of March and the 4" of June 2015 in Khorramabad
and Azna respectively with 20 cm of sowing depth. Table 1
shows some soil physiochemical properties of soils of regions.
Classical rain irrigation was applied while there was 1.5 m
distance between adjacent plots to prevent the interference of
treatment effects and run-off water was directed out of blocks
by individual provided furrows.

The treatments included a control treatment (T ) (without
nitrogen application) along with ten levels of nitrogen
consumption based on urea fertilizer and poultry manure
sources. Urea fertilizer source levels (T, to T,) were 50,
100, 150, 200, and 250% of N,, which N, was the minimum
amount of nitrogen requirement for potato plant according
to soil analysis. Poultry manure source quantities (T, to T|,)
included 50, 100, 150, 200 and 250 % of the N,.

For the analysis of poultry manure nutrient elements (Table
2), a sample of 10 random samples were selected and, after
drying in the shade they were grinded and passed through
a 2 mm sieve. Manure pH and EC were measured at a ratio
of 1:10 (w/v). The amount of organic matter was determined
by samples cremation at 550°C. Total nitrogen was also
measured by the Kjeldahl method.'® The Olsen method was
used to determine the amount of phosphorus. The amount
of potassium was determined using the photometric method,
and zinc, copper, iron and manganese values were determined
using the atomic absorption spectrometry.'”

All experimental plots received urea fertilizer in 3 different
plant growth stages including planting time, tuber initiation
and tuber bulking. While all poultry manure was applied at
the time of the land preparation. The nitrogen consumption
(using urea fertilizer source) and poultry manure have been
described in Table 3.

A total tuber yield was recorded from 2 intermediate

Region Soil Texture EC (dS.m™) pH OoC % OM% P(av.) mg.kg" K(@av.) mg.kg"'

Khorramabad Clay Loam 1.18 7.62 0.98 1.7 21.8 355

Azna Loam 0.84 8.44 0.69 1.19 27 371
Table 2. Analysis of Utilized Poultry Manure

pH N (%) PO,(%) KO (%) OC (%) N-NH, (mg.kg” N-NO, (mg.kg” Cu (mg.kg”  Zn (mgkg” Mn (mgkg" Fe (mgkg” EC (ds.m)’

6.6 4.98 3.69 2.47 35.8 5550 355 71.5 1475 520 1825 8.9
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Table 3. The Amounts of Urea Fertilizer and Poultry Manure Based on Soil Test Value in 2 Experimental Regions

Poultry Manure (kg.ha™")

Urea Fertilizer (kg.ha™")

T T T T T T

11 10 9 9 7 6

T T T T T

5 4 3 2 2

12880 10304 7728 7728 2700 875

700 525 350 175 175

rows after 3 plant elimination from above and below of
each plot. Tubers were manually harvested when about 70%
of stems were fully desiccated. Tubers which were greened,
misshapen or displayed pathological damage were classed as
unmarketable, as well as those with weights lower than 20 g.'®

Tuber nitrogen abundance was analyzed from a
representative sample of at least 20 marketable tubers, of
uniform size and disease-free, per replicate. The tubers were
washed, dried with tissue paper, weighed, diced and blended
in a mixer. Finally, an amount of the obtained batter was
freeze-dried and stored at —20°C until nitrogen calculation
and total protein content analysis."

The content of vitamin C was determined by the 2, 6
dichlorophenolindophenol colorimetric method. For this
purpose, 100 g of raw tubers were mixed with 50 mL of
8% acetic acid and 50 mL of 3% metaphosphoric acid then
the mixture was convulsed and strained. Then, 10 mL of
DCPIP-treated solution was titrated to form a glycolic pink.
Finally, the amount of vitamin C was reported as mg.kg fresh
weight .2

To measure the protein content the following equation was
used?":

Protein percent = 6.25x Nitrogen percent

For this purpose, the amount of the nitrogen of the tubers
was measured by the Kjeldahl method. To measure nitrate, the
sulfosalicylic acid method was used with spectrophotometer
apparatus at 410 nm wavelength. To do so, the device was
previously calibrated with a blank solution of zero and
standard specimens prepared by the device. Then, the
equation of the number of readings was obtained from the
spectrophotometer and nitrate concentration in standard
solutions.

Table 4. Resulting From ANOVA, for All the Studied Variables

To measure the NR activity, 1 cm leaf discs (approx. 100
mg f. wt) were collected between 9 and 10 am and were kept
on liquid nitrogen flask. The NR activity in leaf extracts was
measured as described by Hageman and Hucklesby.?? Test
tubes containing 0.1 mL phosphate buffer (pH=7.5, 1M),
0.1 mL NADH, 0.2 mL of potassium nitrate (0.1 M), 0.2 mL
distilled water and 0.1 mL of enzyme extract were placed in a
bath at 27°C for 20 minutes. The reaction was stopped by the
addition of 1 mL of sulfanilamide (1 g in 100 mL of normal
chloride acid). After 5 minutes, 1 mL of N-(1-Naphthyl)
ethylenediamine dihydrochloride (0.01% w/v) was added and
after 5 minutes, the samples were centrifuged at 2920 g for 15
minutes at 2°C. Then the absorption change curve was read at
540 nm using a spectrophotometer and the activity of the NR
enzyme was reported as (umol NO, .h". g FW™).2

Results

Tuber Yield

A significant effect of fertilizer type on tuber yield was
observed for both regions (P<0.01) (Table 4). Results also
showed that potato yields ranged from 25.7 to 64.1 ton.ha!
in Khorramabad and 21 to 58.9 ton.ha" in Azna. In general,
the mean tuber yield in Khorramabad was higher compared
to Azna (43.7 and 38.9 ton.ha' respectively) (Table 5). In
both regions, there was an increase in tuber yield with 700
kg urea fertilizer.ha! corresponding to maximum tuber yield
(Table 5).

Nitrate Reductase Activity

Based on the results, the NR enzyme activity was significantly
different among the experimental regions and also the types
of fertilizer (Table 4). In this regard, the activity of the NR
enzyme measured in Khorramabad was higher compared to

S.0.vV df Tuber Yield Vitamin C Crude Protein Tuber Nitrate Nitrate Reductase Activity
Region (R) 1 368.7" 56.8" 0.25" 57.6 ™ 0.0053™

Block 4 5.5 5.47 0.13 12.8 0.00071
Fertilizer type (FT) 10 957.5" 80.7" 0.91" 21360 0.022"

FT xR 10 0.78 ™ 0.24 0.0025™ 13.5m™ 0.00006

Error 40 4.62 1.55 0.0086 41.4 0.0002

CV% 5.2 6.56 5.33 4.94 7.5

Note: ns and ** show non-significant and significant at 1% probably level, respectively.

Table 5. Influence of Place of Growing on Nitrate Reductase Activity, Crude Protein and Vitamin C of Tuber

Region Nitrate Reductase Activity pmol NO, .h".gFW-' Protein of Tuber % Vitamin C mg.100 g. tuber’ Tuber Yield (t.ha™)
Azna 0.19b 10.43 b 19.8 a 38.9b
Khorramabad 0.21a 11.25a 18b 43.7 a

Means followed by similar letters are in each column have not significantly different.
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Azna (Table 5). In general, the activity of the NR enzyme was
lower in the urea fertilizer compared to the poultry manure.
Also, the highest NR activity in both sites was observed using
10304 kg poultry manure.ha™ (200% N, ).

Percentage of Protein in the Tuber

According to results, the mean protein percentage of tubers in
the Khorramabad region was significantly higher than that of
Azna city. In both experimental sites, the highest percentage
of protein in the tuber was related to the high amounts of urea
fertilizer, although there was no significant increase in the
amount of protein at higher levels of nitrogen (Table 6).

Tuber Nitrate

The results have revealed that the nitrate content of tuber was
influenced by the urea and poultry manure (Table 5). In both
experimental sites, the high nitrate content of the tuber was
followed by the high consumption of urea fertilizer. Although
there was high nitrate accumulation in tubers similar to
the urea fertilizer in the large amounts of poultry manure
consumption approximately, the nitrate accumulation trend
was moderated compared to the urea fertilizer (Table 6).
Accordingly, the results of the present study show a significant
difference of NR enzyme activity between urea fertilizer and
poultry manure in both Khorramabad and Azna regions
(Table 4). In general, in both places the tubers which were
grown under poultry manure have lower accumulated nitrate
amounts compared to the chemical N source ones (Table 6).

Vitamin C of the Tuber

Results show that site and nitrogen sources have a significant
effect on the content of tubers vitamin C (Table 4). Between
the 2 studied regions, the produced tubers of Azna (19.8 mg
in 100 g tuber) contained more vitamin C compared to the
tubers from Khorramabad (18 mg in 100 g tubers) (Table 5).
In addition, the results showed that in terms of the vitamin
C content, potato tubers grown by chicken manure had a
relative superiority (Table 6).

Discussion

Tuber Yield

Higher potato yields resulting from the application of
nitrogen can be attributed to an increases in the leaf area
and a lengthening of the duration of canopy cover thus
extending the period of light interception.”® On the other
hand, decreasing the tuber yield followed by high level
consumptions of fertilizer has been attributed to increasing
assimilate and water consumption through higher biomass
production and also intra-plant competition. In addition, it
also seems that one of the main reasons for tuber yield decline
may be a result of the delay of tuber maturity.** One of the
important results from this experiment was the production
of tuber yield approximately close to urea fertilizer yields by
the consumption of 10304 kg poultry manure.ha™ especially
in Azna. Similar to our findings, some researchers have
also reported acceptable tuber yield production by poultry
manure.>” It may be imperative considering environmental
pollutions, threats to human health and providing a model for
the deployment of a sustainable production system.

Nitrate Reductase Activity

NR is a key enzyme for nitrogen metabolism in plants. In
addition, NR has been proposed as an important enzymatic
source of nitric oxide (NO).!? Similar our results there were
reported the higher amount of NR activity in tomatoes
when using vermicompost fertilizer treatments.? It has been
suggested that water, carbohydrates and photosynthesis
rates play a role in the expression of NR enzyme gene. Thus,
improving NR activity in organic sources of nitrogen has been
attributed to their effect on the photosynthesis rate and plant
water accessibility. Also, the decreasing of nitrate density in
organic sources of nitrogen supply is effective in reducing the
inhibitory effect of NR activity, as it is believed that the rate of
NR enzyme activity gradually decreases when plants subject
to the nitrate-rich environment.” This is due to the fact that
nitrate is an important signal for molecular, metabolic, and
physiological responses. In fact, nitrate contributes signals

Table 6. Effect of Urea Fertilizer and Poultry Manure on Nitrate Reductase and Some Potato Tuber Composition

. Vitamin C Tuber Nitrate Nitrate Reductase Activity . o § y
;:e;t[lll;?r Type (mg.100 g tuber) (mgkg" FW) (umol NO, .hgFW-) Protein Content % Tuber Yield (t.ha™")
Az Kh Az Kh Az Kh Az Kh Az Kh
0 213 b 19.2 ¢ 56.9 h 55.3h 0.109 f 0.122 f 5.5g 6.37g 21.8h 2578
175 18.3 cde 16.2 ef 173.1 ¢ 135.9d 0.118 ef 0.131f 7.25f 8.12f 268¢g 31.7 f
Urea 350 253 a 23.2b 136.8d 165.5 ¢ 0.149 de 0.162 e 10.06d 11.37cd 40.7de 45.5 de
fertilizer 55 17.5 de 15.7 g 189b  188.1b 0.195 ¢ 0.208 cd 1c 12.06cd 459 ¢ 50.7
700 15.7 e 13.6 h 193.3b 195.7 b 0.251b 0.264 b 13.37a 13.93ab 58.9 a 64.1 a
875 164 e 14.3 gh 2442 a 236.6 a 0.188 ¢ 0.201d 13.875a 14.5a 42.7 cd 47.5 cd
2700 20.5 bc 194 c 87.4 f 86.5 f 0.168 cd 0.197 d 8.93e 9.81e 21h 258¢g
5152 275a 25.7 a 74.5g 73.6g 0.199 c 0.220 ¢ 10.87cd 11.25d 32f 35f
;Oa“r:g:'e 7728 197bcd  18.2cd 90.1f  89.2ef 0.245b 0.268 b 1075¢d  1131cd  38e 42.8e
10304 17.9 cde 15./8 fg 93.9 ef 93 ef 0.301 a 0.327 a 11.43bc 12.31cd 50.9 b 56 b
12880 18.6 bcde 17.5 de 101.7 e 100.8 e 0.257 b 0.280 b 12.25b 12.87bc 50.2 b 56.1b

Means followed by similar letters are in each column have not significantly different.

Abbreviations of Kh and Az stand for Khorramabad and Azna respectively.
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that modulate the expression of nitrate assimilation genes."
Furthermore, it has been accepted that some organic manure
compositions, such as humic acid and fulvic acids, have an
effect on molecular expression and proteins involved in
nitrate uptake. Because humic acid increase the soil acidity
slightly by means of AtNRT 1:1 gene activation.”

Percentage of Protein in the Tuber

The positive relationship of tuber protein with nitrogen
consumption along with no significant effect on higher values
hasalso been reported by researchers.>**® However, in contrast,
it has been reported a decreasing in the protein content of the
tuber as a result of an increase in nitrogen levels.'". The lower
protein rate in Azna may be due to its lighter soil compared
to Khorramabad, as nitrogen uptake is less in lighter soils.
Although the total protein content of grown tubers in poultry
manure was significantly lower than that in the chemical
grown tuber, it is revealed that the protein quality according
to peptide composition is higher in the organically grown
crops due to its nutritional value.”

Tuber Nitrate

Increasing the nitrate accumulation in potato tubers has also
been reported by other researchers.*** It is believed that using
high amounts of nitrogen-containing fertilizers in the soil, will
result in increasing the absorption of nitrate by roots. This is
while its reduction and assimilation does not increase in the
same proportion, which results in nitrate accumulation in the
plant’s tissues. Probably one of the conceivable reasons for
the difference in nitrate accumulation in the tubers produced
from the urea fertilizer and poultry manure in this study can
be attributed to the difference in the activity of NR enzyme.
Also, the difference in nitrate accumulation can be attributed
to the difference in nitrogen abandonment trend between
organic and chemical supply sources. Nitrogen fertilization
encourages accumulation of nitrate in plant tissues because
the nitrogen uptake accelerates its reduction. When nitrate
uptake excess the actual requirement, it is stored as free
nitrate in the vacuole and can be remobilized subsequently
when nitrogen supply is insufficient to meet the demand."”
Nitrate accumulation in plant tissues is caused by increasing
the amount of nitrate by chemical fertilizer and mineralization
of soil organic matter, and also the reduced availability of
assimilate. Therefore, the higher accumulation of nitrate will
accrue compare to manure. Furthermore, the poorly controlled
flux of soil nitrogen resulting from active mineralization of
organic matter may lead to excessive accumulation of nitrate
in plants.”

On the other hand, an increase in the amount of nitrate in
the tuber may be due to the lack of sufficient opportunity to
convert the absorbed nitrate into proteins by the tuber. When
the plant grows under abnormal conditions, such as over-
consumption of nitrogen fertilizer, the protein production
is reduced and as a result, nitrogen is accumulated in the
plant, as a non-protein form (nitrate).'*** However, some
researchers have considered the role of genetics in nitrate
accumulation more important and believe that the differences

are more dependent on the capacity of the cultivars in the
accumulation of nitrates.’

It is known that organic fertilizers with slowly or moderately
available nitrogen compared with chemical ones lead to lower
nitrate accumulations in vegetables.” No sample from both
nitrogen sources exceeded, however, the nitrate limit of 200
mg.kg™ FW was proposed by some European countries, which
is an important benefit in the context of human health.**

Vitamin C of the Tuber
Similar to the present study, lower contents of vitamin C is
followed by the use of higher levels of nitrogen.** It has been
shown that the crop production system significantly affects the
vitamin C content. Many studies have demonstrated that the
chemical composition of tubers, such as vitamin C in tubers
from organic farming are better than other systems.*'>*
The higher content of vitamin C in Azna may be due to the
lighter soil of this site compared to Khorramabad.'* However,
the differences between the chemical compositions of tubers
in experimental places can be attributed to different climatic
conditions during the growing season such as the amount of
rainfall and temperature.

Conclusions

The results of the present study showed that excessive
accumulation of nitrate in the tubers, which is considered as
an undesirable characteristic, occurred when using too much
nitrogen. Therefore, the excess use of nitrogen fertilizer not
only increases the cost of production but also reduces the
quality of the product, i.e. increasing the nitrate accumulation
in the tubers, which is harmful to the farmer, consumer and
the environment in every respect. A concern exists in regards
to the similarity of the tuber yields between the 2 nitrogen
resources of chemical fertilizer with organic fertilizer in order
to achieve food security and an efficient and sustainable
food chain. However, using poultry manure as an organic
nitrogen source improves some compounds such as vitamin
C and reduces the risk of nitrate threats. The excessive use of
poultry fertilizer can also result in the excessive accumulation
of nitrate in the potato tubers. Thus, the belief that the use of
organic fertilizers, at any level, would not cause any problem
for the health of products is definitely incorrect.
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