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Effect of aeration rates on energy, Economic and production indices in
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Abstract
The application of aerators in fish growing acceptable when Energy, Economy production indices be
considered. This research was carried out at South of Iran Aquaculture Research Center in basis of randomly
completed blocks in three replications. The treatment were aeration rates included without aeration (Ao), 2-4
ppm (As), 4-6 ppm (Ag) and 6-8 ppm (As) rates and energy indices included of Net Energy Gain (NEG), Energy
Ratio (ER) and Energy Productivity (EP) and income/cost ratio index and production index were investigated.
The results show that A, and A4 treatments were the best treatment from view point of energy indices with
0.0395 and 0.0361 rates for ER and 0.0109 and 0.0118 kg.MJ™ rates for EP, respectively and were more than
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the rest treatments (p<0.05) however from view point of income/cost and production rate indices As treatment
was the best with 1.514 and 775 kg per pool. Therefore Ag treatment recommended as the best rate for aeration.
Keywords: Aeration, Income/cost, EP, Fish production
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Figure 1. A scheme of the experiment location
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Table 1. Characteristics of carp types used in pools

Fish type Weight (gr) Number Total length (mm) Standard length (mm)
Common carp 46.8 +13.2 395 152.5+25.1 127.4 +20.2
Grass carp 39.6 £18.6 60 132.3£20.4 109.1 +17.5
Silver carp 25.3+11.8 140 190.0+£25.5 156.7 +21.7
Big head carp 26.2+12.1 10 80.6+15.0 66 +13.4
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Table 2. Feeding rate of pools during growing period

Feed rate per pool . From Feed rate per pool . From
(ko) To date: date: (ko) To date: date:

12 95/6/31 98/6/8 5 95/5/3 95/4/20

14 95/7/24 95/7/1 6 95/5/10 95/5/4

10 95/8/15 95/7/25 8 95/5/20 95/5/11

7 95/8/27 95/8/16 10 95/6/7 95/5/22




. X . . >0
Sl (gweigo (o 0 $KS yuodd 31 % @
O 231 & g 3lS0 g ok gt A\ &

d'{’d{‘)-."d;"’{""f“‘f"’ldf' h...-h\ng nivervicy

W il S5 (61 (Blo (9 0399 Jab 53 oolitwl 390 sa )15 Slawi ¥ Jgur
Table 3. Total used workers during growing period for all pools

teNmupmobrgrr;]\c/\;joarllg* (l)\lfulrjnakigg Operation type To date: From date:

1 6 Pool preparation 95/4/14 95/4/10
3 5 Straw cutting 95/5/4 95/4/20
2 4 Spraying- fertilization 95/5/8 95/5/5
2 2 spraying 95/5/28 95/5/27
3 3 Fertilization- Straw cutting 95/6/3 95/6/1
3 2 Sealing of pools 95/6/9 95/6/8
2 4 Fertilization- Straw cutting 95/6/30 95/6/27
2 2 Straw cutting 95/6/17 95/6/16
2 5 Straw cutting 95/717 95/7/3
2 2 Straw cutting 95/7/11 95/7/10
2 3 Fertilization 95/7/14 95/7/12
3 3 Sealing of pools 95/7/26 95/7/24
3 1 Lime distribution and sealing 65/7/27 65/7/27
2 1 Straw cutting and sealing 95/7/28 95/7/28
3 4 Sealing of pools 95/8/5 95/8/2
2 1 Sealing of pools 95/8/15 95/8/15
37 48 Total sum

* Regarding to feeding, sealing and control of water depth was adjusted on a daily basis, a fixed worker was considered separately for
helping temporary workers in other work. Feeding finished at 95/8/27.

i dpsboee ) abaly b (Ve oV o5 5 olells) L3 Slalllas olulyy Slsol 5 YT rile 5,18 (5,51

Em:(EXWJt )
L,

(Y’ .Y ‘ul)Li.o.n 9 UVJL...,.;JLY) Jwal.:u’do solazwl Sy90 Lﬁwl.o 9 u‘jé‘ JA) 9 J..o.> L;‘)’ r:/.fsu): J5)&A ANA 9 Lg)L}.e[iJ 9 yaoxs

Sobel of -1y

el Sl O o ase (0 0 e VIO 0o Ol Gas g (poye yio PAXYO olul 4) goyeyio Voo Setul (o Colue aSl @ azg5 b
wolidlen colu 5l o e wiles Coll Ol e e a5 0l oo @mbal Sla55T A Of (63955 (29 Gliae el s 4 CaSe e YOO
Gl ol ez jskaie 428,518 eolitul 590 alie glrole o Fiiul o 4 (99,9 2 Gliee e Helaie 4 g (P-Y Jgaz) ool 4l o
4 Sayio VoV ) il g (63955 U5 ol o g0 S aBlal il j2 5l 000 (599,9 f polie 4y aope O el )t Sjg0 4y s
WY ol o 6l Bras Ol pze JS 4z e 0 caSe e YOO b ply 5 5eul o ol O pze 0l olgie a5 4565 Lok ol Cows
D2 xSy

o9 SN (23 Gl g dilale i 3o (puSile —F Jgu

Table 4. Average monthly evaporation rate and determination of electropump discharge
average azar aban mehr shahrivar ~ mordad Tir

60.4 3.2 45 7.9 10.7 13.1 21.0 Mean of evaporation (mm)

2697 857 1205 2116 2865 3508  56.22 '”'etwat?;qrsagz;fl)e”h pool
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Table 5. Energy consumption rate of inputs in carp fish growing at each pool

Energy consumption Equivalent

Resource per pool (MJ) of energy Consumption rate Input (unit)
Kaltsas et al., 2007 74 142.7 - Tractor (kg)
Canakci and Akinci (2005) 261 1.96 133.33 Labour (h)
Yaldiz et al., 1993 182 303.1 0.6 Manure (Mg)
Erdal et al., 2007 388 145.6 2.67 Fuel (L)
Erdal et al., 2007 1316 57.12 23.04 Nitrogen (kg)
Erdal et al., 2007 308 13.97 22.08 Phosphor (kg)
Sifa, 1987 56.76 3.07 18.49 Common carp (kg)
Sifa, 1987 12.64 531 2.38 Grass carp (kg)
Sifa, 1987 11.22 3.17 3.54 Silver carp (kg)
Sifa, 1987 1.09 4.15 0.262 Big head carp (kg)
Erdal et al., 2007 6023 0.63 9561 Water (directly)(m?)
Kitani, 1998 1084 0.63 1721 Water (indirectly)(m?3)
Canakci and Akinci (2005) 37446 10.59 3536 Pump electricity (kWh)
Sifa, 1987 14171 10.76 1317 Constantrated food (kg)
Canakci and Akinci (2005) 7200 120 60 Lime (kg)
68535 Total sum
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Table 6. Consumption energy rate by aerators at each pool
Electricity

Repair and

maintenance Eﬁﬁ;t;"(:&%) consumption Aerato(rhz;ctlwty Rep Aesttelon
energy (MJ) (kWh)
i % No aeration
) ) ) ) 3 (Ao)
998 9193 868.08 160.5 1 2-4 ppm
513 6243 589.61 82.5 2 ( Ap';’
572 6613 624.43 92 3 ‘
4218 12229 1154.74 678.5 1 4-6 ppm
4472 13203 1246.70 719.5 2 (Aq)
4264 12532 1183.42 686 3
9523 17512 1653.68 1532 1
6-8 ppm
8901 15181 1433.56 1432 2 (Ag)
9075 15897 1501.15 1460 3 8
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Table 7. sum of input energy for each pool (MJ)

sum fertilizer food water electricity machines  fish  labour  Rep Aeration rate
56674 9006 14171 5212 27480 462 82 261 1
56674 9006 14171 5212 27480 462 82 261 2 No aeration (Ao)
56674 9006 14171 5212 27480 462 82 261 3
66865 9006 14171 5212 36673 1460 82 261 1
63430 9006 14171 5212 33723 975 82 261 2 2-4 ppm (As)
63859 9006 14171 5212 34093 1034 82 261 3
73121 9006 14171 5212 39709 4680 82 261 1
74349 9006 14171 5212 40683 4934 82 261 2 4-6 ppm (As)
73470 9006 14171 5212 40012 4726 82 261 3
83709 9006 14171 5212 44992 9985 82 261 1
80756 9006 14171 5212 42661 9363 82 261 2 6-8 ppm (As)
81646 9006 14171 5212 43377 9537 82 261 3

9006 14171 5212 5212 36530 82 261 261 average
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Figure 3. Input/total inputs ratio at various rates of aeration
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Table 8. Analysis of variance of aeration treatment from view point of aeration rates effect on input energy during
growing period

F MS SS df

1.48 s 2045733 4091466 2 block
261.2™ 361531415 1084594246 3 treatment

1384200 8305202 6 error

1096990915 11 total
C.V.=1.65%
**: significant at 1% level "s: no significant
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Figure 4. Total of input energy at various rates of aeration
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Table 9. Output energy (fish) rate per each pool at various rates of aeration

Output energy  Silver carp & big Grass carp .

(M) head carp (kg) (kg) Common carp (kg) Rep Aeration rate
2341 174 45 505 1

2269 171 53 471 2 No aeration (Ao)
2331 169 56 488 3

2379 182 52 497 1

2457 196 63 489 2 2-4 ppm (As)
2380 180 58 489 3

2580 177 72 533 1

2515 187 66 512 2 4-6 ppm (As)
2569 182 74 521 3

2667 215 75 517 1

2631 205 80 507 2 6-8 ppm (As)
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Table 10. Analysis of variance from view point of aeration rates effect on ER index

F MS SS df
0.089 s 0.000 0.000 2 block
32.48 ™ 0.000 0.000 3 treatment
0.000 0.000 6 error
0.000 11 total
C.V.=2.99%
1 significant at 1% level "s: no significant
/el
¥ 00395 0.0361
/e .
0.0338 0.0314
é v Y
°
£
@ VAR a
w a b b
v/
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Aeration rate (ppm)

Figure 5. ER index rates at various rates of aeration
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Table 10. Analysis of variance from view point of aeration rates effect on EP index

F MS SS df
0.007 " 0.000 0.000 2 block
41.64™ 0.000 0.000 3 treatment
0.000 0.000 6 error
0.000 11 total
C.V.=2.85%
™ significant at 1% level "s: no significant

10
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Figure 6. EP index rates at various rates of aeration
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Table 10. Analysis of variance from view point of aeration rates effect on income/cost ratio index

F MS SS df
0.681 " 0.000 0.001 2 block
9.051 ™ 0.009 0.036 3 treatment
0.001 0.004 6 error
0.030 11 total
C.V.=1.63%
**: significant at 1% level "s: no significant
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Figure 7. Income/cost rates at various rates of aeration
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indices

. Compare of means of various rates of aeration from view point of production rate and one-fish weight

Compare of means by duncan test method (p<0.05)"

One-fish weight (kg) Amount of production (kg) Treatments
sum Silver carp & G Common sum Silver carp & Grass Common
. rass carp .
big head carp carp big head carp carp carp
1.303 ab 1.362 ab 1.156 bc 1.305 be 679 b 189 a 52b 438b A0
1.273b 1.283 ab 0.933¢c 1.265¢ 689 b 169 a 52b 441 b A4
1.321 ab 1.253 b 1.416 ab 1.344a 686 b 165 a 49 b 472 a Ab6
1.376a 1.488a 1.500 a 1.324 ab 715a 186 a 68 a 461 ab A8

S (,S5IS glaralssiz yge3] wlul AN o jo jlo sime WS 0Bl g o 50 wlie g L o Sile *
Means fallowed by similar letters in each column are not significantly different at 5% level using Duncan’s Multiple Range Test.
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