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Introduction

Soil acidity is among the major land degradation problems 
worldwide. It is estimated that over 11 million ha of land and 
32% of arable land are exposed to soil acidity around the 
world [1] which is caused by high rainfall, topographic factors, 
morphological factors, and severe soil erosion [2], which lead 
to high rate of weathering of the soil, high rate of leaching 
nutrients from soils, very rapid destruction of soil physical 
structure and texture, quick and severe erosion of the topsoil 
and acute drought stress are signals of severe soil acidity [1,3].

In Ethiopia, huge surface areas of highlands located in 
almost all regional states of the country are affected by soil 
acidity, which covers 40.9% of the Ethiopian total land 
affected by soil acidity [4]. Of these about 27.7% of these soils 
are dominated by moderate to weak acid soils (pH in KCl) 4.5 

-5.5, and around 13.2% by strong acid soils (pH in KCl) <4.5) 
including the highland of Guji zone which has pH of 5.1.

In such acidic soil defi ciencies of N. P, K, Ca, Mg, and 
micronutrients are common. Because of these circumstances 
a number of problems are observed which include loss of crop 
diversity, the decline in the yield of existing crops/reduced yield, 
lack of response to fertilizers, complete failure of cropping, 
poor plant vigor, uneven pasture, and stunted crop growth, 
poor nodulation of legumes, stunted root growth, persistence 
of acid-tolerant weeds, increased incidence of diseases, 
poor plant growth, nutrient defi ciencies and imbalance, and 
abnormal leaf colors are major symptoms which indicate soil 
acidity problem [5].

A study on the important plant growth-limiting nutrients 
(Nitrogen and Phosphorus) revealed that acid soils dominate 
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most of the southern and southwestern parts of the country 
and generally have low P content. Soils in the south (in which 
Guji is located) and southwestern parts including Sidamo, 
Ilubabor, and Keffa have high N2 content and low P content 
(NFIA, 1993). This is due to the fi xation of P in acidic soil. Thus, 
enhancing soil organic N and P mineralization in acid soils 
and speeding up the uptake effi ciency of applied blended NPS 
fertilizers through liming is very important. In addition, sulfur 
fertilization helps in enhancing the uptake of N, P, K, and Zn 
in the plant [6]. Thus production of the crop is increased as 
the effi ciency of the elements is enhanced due to the synergic 
effect. Even though this is the problem in our area, no research 
was done on liming and other acid soil management practices. 
The soil map of the study area is blended NPS (19% N, 38% 
P2O5 and 7% S) and it is important to supplement with nitrogen 
since nitrogen in NPS is small. Therefore it is important to 
determine the optimum rate of NPS and N with liming for the 
production of barley in acidic soil.

Objective 

1. To assess the optimum and economical rate of NPS and 
N for Food Barley under limed and un-limed conditions.

2. To give proper fertilizer recommendations after liming.

Materials and methods

The activity was conducted at Bore districts for two years 
(2019-2021) during the main cropping season. The experiment 
was laid out in a split-plot design (limed and unlimed as the 
main plot and a combination of NPS and N (4x4) in a sub-plot 
on the plot size of 2.4m x 2.5m. The spacing was 20cm, 1m, 
and 1.5m paths between the row, plots, and blocks respectively. 
Food Barley, HB-1307 variety was used as seed source with 
150kg/ha seeding rate. Management of non-treatment 
routines was similar for all experimental units including the 
control. The lime requirement of the soil was calculated based 
on its exchangeable acidity (Al3+ plus H1+). The lime was evenly 
spread and incorporated up to 20cm depth by using a hand hoe 
one month before planting at an equal rate (3 t ha-1) for all 
treatments for limed conditions.

Data collection and measurement

Crop phenology and growth parameters

Days to 50% Heading (DTH): It was determined as the 
number of days taken from the date of sowing to the date of 
50% heading of the plants from each. 

Days to 90% Physiological Maturity (DTM): determined as 
the number of days from sowing to the date when 90% of the 
peduncle turned to yellow straw color. 

Plant height (cm): It was measured from the soil surface to 
the tip of the spike (awns excluded) of 10 plants from the net 
plot area at the maturity stage.

Spike length (cm): It was measured from the bottom of the 
spike to the tip of the spike excluding the awns from randomly 
tagged spikes from the net plot.

Yield components and yield

Number of tillers per plant: The number of tillers per 
plant was determined from 10 tagged plants per net plot at 
physiological maturity by counting the number of tillers after 
removing soils surrounding the tillers.

Thousand Kernel weight (g): Thousand Kernel weight was 
determined based on the weight of 1000 kernels sampled from 
the grain yield of each net plot by counting using an electronic 
seed counter and weighing with an electronic sensitive balance. 
Then the weight was adjusted to 12.5% moisture content.

Grain yield (kg ha-1): Grain yield was taken by harvesting 
and threshing the seed yield from the net plot area. The yield 
was adjusted to 12.5% moisture content as:

(100  MC)  Unadjusted grain yield
Adjusted grain yield  

100 1 2.5

 




Where MC- is the moisture content of Food barley seeds 
at the time of measurement and 12.5 is the standard moisture 
content of Food barley in percent. Finally, yield per plot was 
converted to per hectare basis and the yield was reported in 
kg ha-1.

Soil sampling and analysis

Soil samples were taken before planting randomly from 
the experimental site at a depth of 0-30 cm across the 
experimental fi eld from 15 spots using an auger before planting 
and compositing. Then, the collected samples were air-dried at 
room temperature under shade and submitted to the laboratory, 
where ground to pass through a 2 mm sieve whereas for 
Organic Carbon (OC) and Nitrogen (N) determination, the soil 
was ground to pass through a 1 mm sieve 

Working samples (1 kg) were obtained from prepared 
sample/composite and analyzed for selected physico-chemical 
properties mainly for soil texture, soil pH, Cation Exchangeable 
Capacity (CEC), and organic carbon, total N, available P and S 
using standard laboratory procedures. 

Statistical data analysis

All data collected were analyzed using GenStat (18th edition) 
software [7]. Mean separation was done by using Fisher’s 
protected Least Signifi cant Difference (LSD) test at a 5% level 
of signifi cance.

Economic analysis

The economic analysis was carried out by using the 
methodology described in CIMMYT [8] in which prevailing 
market prices for inputs at planting and outputs at harvesting 
were used. All costs and benefi ts were calculated on a hectare 
(ha) basis in Birr. The concepts used in the partial budget 
analysis were the mean grain yield of each treatment, the gross 
benefi t (GB) ha-1 (the mean yield for each treatment), and 
the fi eld price of fertilizers (the costs of NPS, Urea/N, and the 
application costs). The marginal rate of return, which refers to 
net income obtained by incurring a unit cost of fertilizer and its 
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application, was calculated by dividing the net increase in yield 
of bread wheat due to the application of each fertilizer rate. 

Actual yield was adjusted downward by 10% to refl ect 
the difference between the experimental yield and the yield 
farmers could expect from the same treatment. 

The dominance analysis procedure as described in [8] was 
used to select potentially profi table treatments from the range 
that was tested. The discarded and selected treatments using 
this technique were referred to as dominated and undominated 
treatments, respectively. For each pair of ranked treatments, 
the % Marginal Rate of Return (MRR) was calculated using the 
formula

  Change in NB (NBb NBa)
100

Change in TCV (TCVb TCVa
MRR %  

)






Where NBa = NB with the immediate lower TCV, NBb = NB 
with the next higher TCV, TCVa = the immediate lower TCV and 
TCVb = the next highest TCV.

The % MRR between any pair of undominated treatments 
was the return per unit of investment in fertilizer. To obtain an 
estimate of these returns, the % MRR was calculated as changes 
in NB (raised benefi t) divided by changes in cost (raised cost). 
Thus, an MRR of 100% implied a return of one Birr on every 
Birr spent on the given variable input. 

The fertilizer cost was calculated for the cost of each 
fertilizer of NPS and N (Birr 49.80 kg-1) during sowing time. 
The cost of NPS, N, and application cost (Birr 600 ha-1) and the 
average open price of bread wheat at Bore market was Birr 33 
kg-1 in January 2021 during harvesting time. 

Results and discussions

Soil experimental site physical and chemical properties 

In Table 1 below, the result of selected physical and chemical 
properties of the experimental site was listed. The result 
indicated that the soil textural class is clay with a particle size 
distribution of 43% clay, 30% silt, and 27% sand. Thus, the 
soil of the experimental site is suitable for food barley. The pH 
of the soil was 4.48, which is strongly acidic according to the 
rating of Tekalign [9]. Thus, the soil needs acid management 
such as liming. The soil organic carbon content (3.1%) of the 
experimental site was moderate [9]. The analysis further 
indicated that the soil has medium total nitrogen (0.33%) 
according to the rating of Tekalign [9]. The results also show 
that the soil has low available phosphorus content (6.8 mg/kg) 
according to the rating of Cottenie [10]. According to EtioSIS 
[11] available sulfur of experimental soil is low (15.01 mg/kg). 

The CEC of experimental soil is high (31.03 [Cmol (+) kg-1 
soil] according to the rating of Landon [12] which indicates that 
the soil has a high capacity to hold exchangeable cations.

Crop phenology and growth parameters

Days to heading: ANOVA indicated that the interaction of 
NPS x N x Liming and main effects did not signifi cantly (p 

< 0.05) affect days to 50% heading of Food barley (Table 2). 
The lack of signifi cance might be the use of one variety for all 
treatments. In line with the fi ndings of Haji, et al. [13] reported 
no signifi cant heading on different blended fertilizer rates.

Days to 90% physiological maturity: ANOVA indicated that 
the interaction of NPS x N x Liming and main effects did not 
signifi cantly (p < 0.05) affect days to 50% heading of Food 
barley (Table 1). Lack of signifi cance might be the use of a 
similar variety for all treatments i.e. maturity of the crop is 
mainly controlled by the genetic makeup of a genotype (Table 
2).

Plant height: ANOVA indicated that the interaction of the 
three factors (NPS, N, and liming) signifi cantly (p < 0.05) 
affected plant height of Food barley as well as the main effects 
(Table 3). This might be due to the vital role of N fertilizer in 
vegetative growth and resulted in a signifi cant infl uence on 
plant height as acidity is decreased. This result is consistent 
with Wubshet, et al. [14] who reported a signifi cant difference 
in plant height barley through the integrated application of 
blended NPSB, Lime, and compost.

Spike length: The ANOVA indicated that signifi cant (p 
< 0.05) effect of the factors (NPS, N, and liming) and the 
main effect on this parameter. The longest spikes (8.75 cm) 
were obtained at 100kg/ha NPS and 69 kg N ha-1 under limed 
conditions whereas the shortest spikes (6.44cm) were produced 

Table 1: Selected physicochemical properties of the soil of the experimental site 
before planting.

Parameter Result Rating Reference

Soil texture

Clay (%) 43

Sand (%) 27

Silt (%) 30

Textural Class Clay

pH (1: 2.5 H2O) 4.84 Strongly acidic Tekalign [9]

Total N (%) 0.33 Medium Tekalign [9]

Organic Carbon (%) 3.10 Moderate Tekalign [9]

Cation Exchange Capacity [Cmol(+)kg-1 
soil]

31.03 High London [12]

Available Phosphorus (mg/kg) 6.8 Low Cottenie [10]

Available Sulfur (mg/kg) 15.01 Low EthioSIS [11]

Table 2: Interaction effect of NPS, N & lime on Days to maturity.

NPS Rate (kg/ha)
N rate (kg/ha)

0 23 46 69

Limed

0 136.1 134.5 136.5 135.1
50 137.2 134.6 135.9 134.6

100 135.8 135.1 135.8 135.5
150 135.1 135.7 135.1 136.4

Un limed

0 137.1 135.1 135.8 134.1
50 134.7 135.7 135.7 136.1

100 134.5 135.5 136.5 135.8
150 136.1 135.4 136.7 134.1

Mean 135.56
LSD (5%) NS

CV (%) 1.5
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at control/0 NPS and 0 N kg ha-1 under unlimed (Table 4). The 
increase in spike length at the highest NPS and N rates might 
have resulted from improved root growth and increased uptake 
of nutrients and better growth favored due to the interaction/
synergetic effect of the three nutrients at the highest rate. In 
line with this fi nding [15], reported the highest spike length 
(7.7cm) for Food barley at the rate of 50/150 kg N/P2O5 ha-1.

Yield component and yield

Number of tillers per plant: The main effect (NPS) was 
signifi cant (p < 0.05) on the tiller number produced per plant 
(Table 5) whereas the main effect of N rate and the interaction 
of the factors did not.

The highest number of tillers per plant (4.39) was obtained 
from the application of the highest NPS rate (150kg ha-1) 
whereas the minimum number of tillers per plant (3.4) was 
produced at the control treatment. This might be due to the role 
of P found in NPS that helps in emerging radical and seminal 
roots during seedling establishment in barley [16]. In line with 
this result, Yare, et al. [17] reported a signifi cant effect of NPS 
on the number of tillers per plant and the number of fertile 
tillers. However, the result did not agree with that of Wubshet, 
et al. [14] who reported the interaction effect of blended NPSB, 
lime, and compost on the number of tillers of Food barley.

Thousand Kernels Weight: The effect of NPS rates and 
liming and the main effects signifi cantly (p < 0.05) infl uenced 
a thousand kernels weight of barley. The highest thousand 
kernels weight (42.67 g) was recorded at the combination 
of 150kg ha-1 NPS rate with liming. On the other hand, the 
minimum thousand kernel weight (36.16 g) was observed at 
control/ 0 kg NPS ha-1 under unlimed conditions. The thousand 
kernel weight obtained from the overall limed plots was 
signifi cantly higher than the thousand seed weight from the 
unlimed plot/control. This might be due to the synergic effect 
of the nutrients which improve seed quality and size (Table 6). 

Grain yield: The interaction effect of the three factors (NPS 
N rate, and liming) and their main effects signifi cantly (p < 
0.05) affected the grain yield of Food barley. Increasing NPS 
and N rates across limed conditions signifi cantly increased 

grain yield. Thus, the maximum grain yield (3862 kg ha-1) was 
recorded at a combined application of 100 kg ha-1 NPS and 23 
kg ha-1 N. However the minimum grain yield (2045 kg ha-1) 
was obtained at control treatment (0 kg NPS ha-1 and 0 kg ha-

1) (Table 7). The maximum grain yield at optimum rates of 
NPS and N under limed condition might be due to increased 
uptake of nutrients since liming improves the effi ciency of 

Table 5: Effect of NPS rate on number of tillers for Food barley at Bore.

NPS Rate (kg/ha) Number of Tillers per plant

0 3.44 b

50 3.941 ab

100 3.722 b

150 4.399 a

N Rate (kg/ha)

0 3.59

23 4.008

46 3.912

69 3.991

Mean 3.88

LSD (5%) NS

CV (%) 10.9

This means that the same letter in the columns and rows are not signifi cantly 
different at a 5% level of signifi cance, CV (%): Coeffi  cient of Variation; LSD: Least 
Signifi cant Difference at a 5% level.

Table 4: Interaction effect of NPS, N and liming on spike length of Food barley.

NPS Rate (kg/ha)
N rate (kg/ha)

0 23 46 69

Limed

0 7.088 fgh 8.183 a-d 8.203 a-d 8.023 a-f
50 8.351 a-d 8.245 a-d 7.695 b-g 7.206 e-h

100 7.671 b-g 8.357 a-d 8.391 abc 8.755 a
150 7.94 a-f 7.563 b-g 8.007 a-f 8.443 ab

Un limed

0 6.442 h 7.683 b-g 8.049 a-f 8.307 a-d
50 7.613 b-g 7.41 d-g 7.987 a-f 8.03 a-f

100 7.993 a-f 7.983 a-f 6.766 gh 8.094 a-e
150 7.431 c-g 7.758 b-f 8.258 a-d 8.051 a-f

Mean 7.87
LSD (5%) 0.967

CV (%) 10.8
This means that the same letter in the columns and rows are not signifi cantly 
different at a 5% level of signifi cance, CV (%): Coeffi  cient of Variation; LSD: Least 
Signifi cant Difference at a 5% level.

Table 3: Effect of NPS, N, and liming on plant height of Food barley.

NPS Rate (kg/ha)
N rate (kg/ha)

0 23 46 69

Limed

0 100 hi 104.9 a-h 108.6 a-e 108.5 a-e
50 106.5 a-h 101.6 d-i 107.2 a-h 107.2 a-h

100 103.6 b-i 105.9 a-h 109.8 ab 112 a
150 103.6 b-h 103.4 b-i 109.2 abc 109.9 ab

Un limed

0 96.2 i 108.4 a-e 105.5 a-h 108.2 a-f
50 100.8 f-i 103.4 b-i 106.3 a-h 107.6 a-g

100 101.3 e-i 106.3 a-h 102.4 c-i 109.1 abc
150 108.8 a-d 100.6 ghi 105.7 a-h 108.1 a-f

Mean 105.64
LSD (5%) 7.397

CV (%) 8.4
This means that the same letter in the columns and rows are not signifi cantly 
different at a 5% level of signifi cance, CV (%): Coeffi  cient of variation, LSD= Least 
Signifi cant Difference at a 5% level.

Table 6: Effect of NPS, N and liming on TKW of Food barley.

NPS Rate (kg/ha) Limed Un limed

0 37.37 bc 36.16 c

50 40.47 ab 37.22 bc

100 42.04 a 40.78 ab

150 42.67 a 39.47 abc

Mean 39.52

LSD (5%) 3.98

CV (%) 15.8

This means that the same letter in the columns and rows are not signifi cantly 
different at a 5% level of signifi cance, CV (%): Coeffi  cient of Variation; LSD: Least 
Signifi cant Difference at a 5% level.
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ha-1) by combined application of 611kg lime + 5 t compost + 150 
kg NPSB + 100 kg KCl +72 kg N ha-1.

Partial budget analysis

Results of the total costs that vary, net benefi ts, and 
marginal rate of returns analysis are presented in Table 8. 
The experiment determines the economic benefi ts of the 
treatments that are used to develop recommendations from 
the agronomic data which enhances selection of the right 
treatment combination by farmers. The analysis results in this 
study indicated that the combined use of NPS and N fertilizers 
and liming resulted in higher net benefi ts than the control 
treatments without liming (Table 8).

As listed in Table 8, the highest net benefi t (Birr 104576.14 
ha-1) was recorded at the combined application of 100 kg NPS 
+ 23 kg N ha-1 under the limed condition as the lowest was 
from control treatment without liming. Since the marginal 
rate of return (MRR %) is used as the basis of fertilizer 
recommendation, the minimum acceptable rate of return 
should be between 50 to 100% [8]. In this experiment use 
of 100 kg NPS ha-1 and 23 kg N ha-1 under liming gave the 
maximum economic benefi t of 104576.14 Birr ha-1 with a 
marginal rate of return (4953.519%). Therefore, on economic 

Table 7: Interaction effect of NPS, N, and Liming on Grain yield of food barley at Bore.
N rate (kg/ha)

NPS Rate (kg/ha) 0 23 46 69

Limed

0 2871 de 3226 a-e 3253 a-e 3274 a-e
50 3264 a-e 3520 abcd 3193 a-e 3384 a-e

100 2802 e 3862 a 3795 ab 3568 abc
150 2961 cde 3502 a-d 3333 a-e 3125 b-e

Un limed

0 2045 f 3058 cde 3255 a-e 3321 a-e
50 2979 cde 3158 b-e 3209 a-e 3552 a-d

100 3145 b-e 3476 a-e 2983 cde 3196 a-e
150 3078 cde 3496 a-d 3200 a-e 3103 cde

Mean 3224.62
LSD (5%) 689.58

CV (%) 13.00
This means that the same letter in the columns and rows are not signifi cantly 
different at a 5% level of signifi cance, CV (%): Coeffi  cient of Variation; LSD: Least 
Signifi cant Difference at a 5% level.

Table 8: Partial budget analysis of the effect of NPS, N, and liming on food barley.
Treatments Adjusted grain yield downwards by 

10% (kg ha-1)
Gross Benefi t (Birr 

ha-1)
Total variable cost (Birr 

ha-1)
Net return (Birr ha-1) MRR (%)

NPS (kg ha-1) N (kg ha-1)

Limed

Control Control 2409.68 60242.05 0 60242.05 0
0 23 2482.91 62072.73 3625 58447.73 50.50157
0 46 2507.32 62682.95 4550 58132.95 65.97052
0 69 2525.86 63146.59 4585 58561.59 1324.675

50 23 2712.14 67803.41 5000 62803.41 1122.125
50 46 2833.5 70837.5 5325 65512.5 933.5664
50 0 2897.45 72436.36 5475 66961.36 1065.909

100 23 4433.05 110826.1 6250 104576.1 4953.519
100 46 4372.36 109309.1 6325 102984.1 D
100 0 2797.64 69940.91 6375 63565.91 D
50 69 3006 75150 6400 68750 20836.36

150 0 3325.36 83134.09 7175 75959.09 1030.205
150 23 3813 95325 7250 88075 16254.55
100 69 3833.59 95839.77 7300 88539.77 1029.545
150 46 3660.27 91506.82 8100 83406.82 D
150 69 3453.41 86335.23 8175 78160.23 D

Unlimed

Control Control 1508.73 37718.18 0 37718.18 0
0 23 2155.09 53877.27 2875 51002.27 462.0553
0 46 1916.86 47921.59 3800 44121.59 D
0 69 1975.77 49394.32 3835 45559.32 4107.792

50 23 2711.18 67779.55 4250 63529.55 4330.175
50 46 2757 68925 4575 64350 252.4476
50 0 2550.14 63753.41 4725 59028.41 D

100 23 3192.68 79817.05 5500 74317.05 1972.727
100 46 2748.95 68723.86 5575 63148.86 D
100 0 2648.18 66204.55 5625 60579.55 D
50 69 3066.14 76653.41 5650 71003.41 41695.45

150 0 2692.64 67315.91 6425 60890.91 D
150 23 3069.41 76735.23 6500 70235.23 12459.09
100 69 3275.32 81882.95 6550 75332.95 10195.45
150 46 2802.55 70063.64 7350 62713.64 D
150 69 2734.77 68369.32 7425 60944.32 D

Where MRR (%) = Marginal Rate of Return; D= Dominated Treatment; Control = unfertilized & unlimed.

nutrients in acidic soil which directly and indirectly increase 
yield component and yield.

Similar to this result, Shiferaw and Antenah [18] reported 
the highest barley grain yield from the combined application of 
NPK and liming. Similarly, Hailu and Getachew [19] reported 
triple yield increases of barley by applying 3 t ha-1. Wubshet, et 
al. [14] also reported the highest grain yield of barley (5386 kg 
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grounds, together use of 100 kg NPS ha-1 and 23 kg N ha-1 under 
limed conditions gave a high yield and economical. In line with 
this result, Wubishet, et al. [14] reported that NPSB, Liming, 
and compost application is effective in attaining higher grain 
yield and economic benefi t of food barley. Thus combined use 
of these rates under limed conditions is recommended for the 
production of food barley in the study area and other areas with 
similar agro-ecological conditions. 

Summary and conclusion

Even though food barley is an important crop in the study 
area, its yield is below national due to different factors like 
soil acidity. Thus the activity was done during the 2019-2021 
cropping season at Bore with the objective to determine the 
effect of NPS, N, and Liming on yield components and yield of 
food barley. The experiment was laid out in a split-plot design 
(limed and unlimed as the main plot and a combination of NPS 
and N (4x4) in a sub-plot on the plot size of 2.4m x 2.5m.

As analysis of the results indicated, all parameters were 
signifi cantly (p < 0.05) affected by the interaction and main 
effect of the factors except date to 50% heading and date to 
maturity. This indicates how the factors are important in the 
production and productivity of food barley. Thus, using NPS, 
N, and lime increased yield and yield components of food 
barley. The highest grain yield (3862 kg/ha) was obtained from 
a combination use of 100 kg ha-1 NPS rate and 23 kg N ha-1 

under liming. Therefore, the use of 100 kg NPS ha-1 and 23 kg N 
ha-1 under limed conditions is recommended for the production 
of food barley in the study area and other areas with similar 
agroecologies. In addition to this, liming and other acidic soil 
management should also be done in the future since the soil 
acidity of Guji Highland ranges from acidic to strongly acidic.
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