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Introduction: Sturgeon, renowned for its prized caviar, plays a vital role in
aquatic ecosystems and holds significant economic value. Breeding sturgeon is
a delicate process that necessitates specific conditions for success. Factors such
as temperature, dissolved oxygen levels, pH, and ammonia concentration in
water quality substantially impact sturgeon breeding outcomes. Ensuring the
ideal water quality is critical for sturgeon populations' health and successful
breeding. Understanding and efficiently controlling these factors is crucial to
guaranteeing the long-term viability of sturgeon populations and the
preservation of this symbolic animal. This study investigates the growth
indices and physicochemical water parameters in earthen ponds to raise
juvenile beluga, Huso huso.

Materials and Methods: Four earthen ponds, each covering an area of 2
hectares with an average depth of 2 meters and a rectangular shape, were
utilized for rearing beluga at the Shahid Marjani Breeding Center, Northeastern
Iran. The test period lasted 45 days. The growth performance and water
physicochemical parameters were measured during six weekly treatments from
mid-March 2013 to mid-April 2014. Fish sampling was carried out using a
trawl net at specific time intervals of the experiment. The length and weight of
the fry were recorded, followed by the dissection of the fish. The length and
weight of the digestive tract were measured in both full and empty states.
Water samples were collected weekly, and physicochemical parameters were
analyzed using standard methods.

Results and Discussion: Temperature (12.5 to 16.6°C), turbidity (0.50 to
50.92 NTU), dissolved oxygen (10.90 to 6.25 mg/L), pH (7.62 to 8.92),
alkalinity (160 to 223 mg/L), phosphate (0.17 to 0.73 mg/L), nitrate (0.24 to
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1.67 mg/L), and electrical conductivity (1240 to 1342 pumhos/cm) levels for the
growth of beluga were within the optimal ranges. Additionally, the growth
pattern of the sturgeon juveniles was characterized by negative allometry,
indicating that as the fish grew, their weight increased at a slower rate
compared to their length. There was a significant elevation in total length and
weight over time, demonstrating effective growth conditions during the study
period. The total length and weight of the fingerlings showed significant
upraise over time (p<0.05). The highest total length (36.70 + 7.47 mm), weight
(2674.54 £ 678.04 mg) and gastrosomatic weight (431.35 + 75.97 mg) of
fingerlings were recorded during the sixth sampling period. However, the
highest condition factor (0.94 + 1.11) was measured during the second
sampling period (p<0.05).

Conclusion: The results indicated that precise water quality management and
continuous monitoring of its parameters, especially in sturgeon farming, are
essential and can help improve growth conditions and reduce mortality rates.
Ensuring optimal environmental conditions, particularly in earthen ponds, can
increase productivity in the sturgeon fish farming industry.

Funding: This research did not receive a specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Conflicts of interest: The authors have no conflicts of interest to declare.
Acknowledgments: The authors would like to express gratitude for the
valuable assistance provided by the officials and employees of the Shahid
Marjani Sturgeon Propagation Centre.

*Corresponding author: hojat.jafaryan@gmail.com




Ol 6395263 crozl &8 Lo b DS olKidls
b T @ds T
A‘—ﬂ/\ QL?L&M 5‘?"" )-55 ‘.Dsé G)Lm:) ‘MQ JLM)
DOI: 10.22124/janb.2024.27924.1250 Uy::,/ K2
"6;:‘_@53_‘& AJLE_A"

39 9T (Slonsi 959 308 (S At 39 il Cxd (HUSO husO) gl (i 39 33 bdlo 420 33 iy Sl g

< B b !

FUURY ERUOUWEI POt § PR PESS RN PRE-PE S | T S SWRY PP P

OLdS (g9lS AiS (ogglS asS olSisle ¢ cxnls qolio 5 (65,9LiS pgle 0aSisls (ML o9,

VEYTPIYY iy VE-YYIYE s S50 VEYT N0 sl o s

Sols wlols
ol cuis
S el
oy ol
Soxdy Sl

Huso huso

oS
G0 il el Jlayen i (VL Cusal Gl lsls plale (B9n sl il jo OT CeaS Cypas
2wy lp ceslie Jlpd b ol (55558 Shigal g Los (Jslns (508t PH wiile T (oS glaazinl 3
slaaziul b 5 (HUSO hUSO) Kol (laleass wi) Cundy «pol> aslllas o 05 pald lale aige
i Sl el b ey Sl pe e Gygn 5 S S e SB al T oo Ol oleerisS 5
5 99 55y O Ghalesl ojee wivgy ks S5 5 e ¥ wgie e b )lSe ¥ Cany (gl
bl VYAY (38,958 Lawlsl B VYFAY sil Lanslgl 5l Gilises Sloj 0,90 F 40 (Kiid & ygo 4 s o pdiges
(0--Y10 NTU) @505 (ol 5 Sl am ) \YIO-VFI84) Lo pobaw (gubios ol wlol p o
MO/L) laws (V#+/0-YYY MO/L) cslds «(AEY-Y/aY) PH «(#/Y0-) /4 MO/L) Jolxo (450
o3gazs ;0 (\YF--\YFY pmhos/cm) S xSl colan o (+/V$-V/8Y MQ/L) &l s (N V=+/VY

i e i 6 sl b loaloazs 3, 55X sl 1 opdle wctls 8 Bl plaabessy s 4ints
039 5 1l lies SRl HLaGhilye a4 o (568 Sy L T g o oale wdy L ams e i oS
VIFY MM) 51,0 oKl o s (P<</20) ols olis o gxe iol3dl oy cdS L 58 lale 4o JS
L5 (FPVYD 2 VO/AY M) Lbyls8 oSz o35 5 (TEVEIOT £ SYA/ ¥ MQ) US o339 o sles Vo IVF £
S0 pdigad pes aan 4o (/AT ENY) Bl o i (P<A00) A S (55l0 paiges il s
Gloazminl 3 eiise Lol g ol CuS 580 Co o a5 ol lis s gl (P10 0) ob (55l
g &by bl ogue 4 dilgige 5 el 1550 Vb Coal Sl byl lale Ghygn 0 Legasa o

WS SeS lay el

hojat.jafaryan@gmail.com : Jsews o s




AFLOT-Y 50 pgs o lods (o JLo) byl wdss

Bryan ) .cciea 35 5l adsi ol 5 0, (g9, Lowiiinne
5 woslhe 15T L slale (5,9, a5 Sl (et al. 2011
Omb CodsS oo 5k wed plul Joliie plie slao o
Sbul Cel peftas e b pediee job 4 Wi O
(Gyamfi et al. 2022) s45 lale 0, ,o Cosgame
Sleess ol oloy ,35 L 5 plele Sle o 2>
b s b9y laygial Of cuiS 5o (slostu
ol @bl )3 0g medles () g asme Jelse
clis Copae g JAS Glp | ae) &5 el oot
Boyd and Tucker) ws o ealp 5j9p Ll
ol Lae 40 0di) g odi) pé LiSu g0 e S0 (1998
5 S Gl Jolie 9)) oloj g (e w90 ya 0
ool ms Jloms 2l yon &)l Copse Gl (Jad
Makori et al. 2017; Bhatnagar and Devi )
(2019

2 e Bl pleleazy (ysn oSl a4 azg b
Wylse plxl e V) Gos o5 S sloanss>
2ol ax b ol g SB o Vbl g b ol il
oy dalys I8 S b sleazss> ol CukS b
Sl (o) B b ol gy ) een )0
So b Bsh plabeazs w5 Ol (AS laasal b
Gh9n 9SS S e SB el o slatis 7 oy90
A plosl (Sl pe gl 5 sl lale

559 9 0lge

oielej plmil Jxo

Slslaan 7o gl paiges soy90 So b ol agh
Gam b AYAY 0,5 auly) B 1Y) aziul L
@lortsesed Sloarll CodsS 5 Al Sundy (o
obale Ghisn 5 2SS S S glegel o ol
Vogmegn el @l ad plnl (Gl ye agd s bsls
Sre ¥ oBes bugie 5 )LSe ¥V Coles b il
Sloogar 5 5l ben sl,sl buld as Ol
Dg alive plerd 5 (o5

dodilo

S oy o )8 P90 Ao 3l 6ksls lale Slgl58
bt 0 Sal a4 ol glaaisS pl g9l il tals
Assylbekova et al. ) ws,ls 15 ozl 5 ol
Q.._i....u u)l.‘}u 9 Gsu...‘a le.ﬁom) u.»)?u (2022
U"‘ )‘ IR LB’“'“A UYM 9 )L»BL’> L.S‘)" CSLLQJ‘U""
o,l3en (HUSO USO) sk lale b oo el laaseS
Blo Yoot Jlo 5l iges (gl ansl olyail sy
Gl oo @ pldlE g 4wy, sle s o Bk
s Jro oy 4 0B b SR sbaple
Yoy. Jio sl o owmes (Bokova et al. 2019)
Jhsl a0y, o)ly aldle Boly ol 5l (Sl slaaiges
(Bokova et al. 2019) wss

o) 31 (S b ool 4 ploleazy ilula,
S 0 Bgh lale Comex bai> ¢l cwlol sla J>
9 2SS She g lag,ze j0 (egman Shygn Gk
a>y (Assylbekova et al. 2020) cool 3,5,
P o Saiss (pgaz a4 plad Giluil 4 (Ystee
ey Jdo 4 Bokh ole U oons el ol il
Sy saS sz yo ollas o)l 55l 9 Vb wdy e
95 7SS (Seman jsb 4 b pBS Giluil s il b,
oLl (Falahatkar et al. 2019) ol 3,9,
Olwp i 455 pl Lol Glié wezge slo LBl
(Coad, 2019) sitws calize jlale g lap,S (o lip 5
dhrme Jelse b con el (San b 13 G pae
05 B Ghyep e 0 Of cuaS alex 5 il
sleac> 51 S oplple (Abdel-Tawwab, 2012)
w51k dasd (2590 oS, 50 (6y9 sl Sy o
@l dsS gt sloazivl B om)n (SE slaysal s
Slawski et al. ) 1,95 coaS podle lale o,
5 sy Jelse 9 (Ma et al. 2006) 51,5 (2012
Imsland and ) scss Ll 5 Coir oo alox
sile gtanjpmé Jelge comsy 4 JOnassen 2003
Jeloe ol (Gyamfi et al. 2022) coul ansly 55 o



()52 5 w855 (SB sl sl 10 Ol oloowsSo 5 sloaminl 3 56 cos (HUSO AUSO) 5ol o5, olals azw 1o 0, &l uss [ AD

Ol Giomiw b s 5ol (K6l jeiS sl
Sy S sl 5l ool b (ygemsl 28 g, 4 Sudlldd
Job 0 @3> Olie g dgaglyidsl () a0 Sl e
2 eSSy Ghgy 4y Slawd v 5 ylegil VY- zge

A (S o3ll yieglb #Ae zos Job

&bl hmins
Ssl ez sleodls laml ()bl sla o plxl sl
Microsoft jis8le 5 Lws ialesl 090 b o oad
O A (G0diwd g (Gl e VoV F aseud Excel
a3es SPSS 1381 o 5 lawgs ettt Jdog slo s 4o
Jbo s lal g el (slagyge;l plosl lp o iomw YY
ozt B ek Bg ToodsS (03] Gk 5l aesls (pog:
sy s b 05 wog Jlogi 5l ool 5l g a3
o9yl 3heslaul b ciolesl sloog 5y jlo cine SMS]
ot oS Al 5 gy VAl S il g 5T
o TGS sasl 5l ealinul b s alesT slaes S
Microsoft Excel 1330 a5 5l s loges gy sl 0
ol Oype 4 baosls  eled ol eolatl Yo V8 ases
39 o gxe P<e/0 o ool waias Lo jlae Bl oul

REPTER SNY

V sz 0 ol (pleerdsSnd loamiuld Giois mls
o owbly cad) Foojlel bl el s 4l
@df) Golil azyo 5 (RosS (5,0 milly 4 laog S
2 by lales o o sme (g kel M Slawle
(@f = 0 F = V¥ @58 Ll 51 o0 sl el
F=Vef) ol gdf =0 F = /AY) S8 coloa
Lo Ll 5l aS Jb> o «(P>+/+0) cudlai o929 @F = 0
coslls (df = o F= vy pH df =0 F=1v/-0y)
@df =0 F = MA+) Jolo oSt df = 0 F = Y1)

2 Kolmogorov—Smirnov test
% One-way ANOVA
4 Duncan test

Gk I Sl Syge 4 g pleledsy Wl Comds
ol O galas b JI5 9 by )l paiges
Egoze ;0 M (o) p Sredes V8 Aol g (rpe
9 039 e D dpo AliSee ol )0 caledazn sae Y-
<8 b Jlezms il 5 by w5 4 plslear l3l)s
ok VB b (el w55 g )5 ef )
A (6 S eIl

51 (e3g) 5 0me) (155 gl lal dadiged g pi5 5l e
o) Slgizme ol cd B)leS oRws 0j9 9 Tl o
gl Toaze 0 Jassyy 3)ls 5 2 Al & GblsS
Sl IS (59 Gk crl 5l i B G165
35 09)lsS diws lile ael Caws a4 51T dSlwe
Al gpSoslal yie e ofe) Cs L uedsS lawgs
S oslizial b G lsS olSiss 1o syge slogsidly Jylyd
shoslinwl b gjlge y3 9 pln Ve Ve leaiS )0 b ol
a8 el sl Ve g B oleiS 5 b )9 gSamg Ses
S ore asls acul=e (Froese and Pauly, 2020)
25 ably 5l bz b oolyen odne 335 G598 5l my
:(Biswas, 1993) s sl

Sl S50 v O3y e lp Cardy ale )l
e Sl pole G )0 b e coliiul ek
Biswas, ) o soliiwl ;5 alal, 5l ole Sl oo
(1993

(mf ) ol 2l 0

()-“"LsL"") w2le IS il

Cordy ol = ¥

O (52 baono gy 5ud (sazonl B iz
OeeST led) T (alord 5 (Sed sloazinlp Condg
Syge a (SNl colse g el ol (Joloe
D40 Juo) Hack o sdse oliws 5l oolial L Sidn

I Gastrosomatic Index



AZLOVTY 50 pgs olod (o JLo) byl wdss

5 e )5l g 5y 03955y Dl
Gl Lpoms 590 B ol i 5 b PH 5
poms 0395 5| Lol (ublai pusgums oot PH e )3
gy PH ol e jo Sl Gl b ety b
ooy Wiged mied 550 530 ()T Gliee (2565 5 Bl o3
o s PH Slss o dal, (F JS8) b oS
el 0ol ool lad B j0 ase (o Slawdgy
o5 Dl L g i3l b pmad code] s 4 b5 ol
7235 565 PH (lie sylo paigad oy 590 b Sladys |
2 Sladgiyl e Gl L it 0y90 yo Ll il e

A aolie lase o PH wos zals o

mmmm Abundance (No/m3) e NO3(mg/mL)
. 1000 25
£ g0 2
o
£ 600 15
[«b)
[&)
S 400 1
©
% 200 0.5
2 )
<

0 0

1 2 3 4 5 6
Sampling periods

o b 6Pl gl 9 e Slgl b, Y S
Ol

NO3 (mg/mL)

b jloss oy glel B! (df = 0 F =a/F0) @l

P<-/0 V) ab oanlis
oo 1 sl slopESdl 5 sy Syl alis
slo Glad 5 Slandg )l (g calé 5 (500 iges alisee
2 &Pl sbnssl 5 bysiy eogigy Ll b as
clly sialBl Xy, Slands )l e Gl Sh)9, Jaie
SosSdl 5 bjsin edgis) o bl () S
O bl (5,5l Glap oM g by (Sol 8 S
590 5o Lol ecaiils ial58l (ko 1y diged paeiy 0,90 U Ol
Og whale 13 500 a4 cond lol 3 ioli8l 092 b et
dwslio (¥ JS2) 8l pols lo cae job 4 Ol

mmmm Abundance (No/m3) e P04 (mg/mL)

1000 1.2
T 800 !
S 08 E
£ 600 £
é 06 E
< 400 S
S 04 &
>
-<C‘2: 200 0.2

0 0

1 2 3 4 5 6
Sampling periods

09 b gl sl g jecy Sl bl Jo
Olawdgi o

Figure 2 RelationShip between the abundance of Figure 1 Re'ationship between the abundance

benthos and zooplanktons with NO3

of benthos and zooplanktons with PO,



()5 5 i 855) (S sl sl 10 Ol oloowsSo 5 loaminl 3 56 cos (HUSO AUSO) 5ol o5, olals azw 1o 0, &l s | AY

— pH

PO4 (mg/mL)

8.9 1.2

0.8
0.6
0.4
0.2

pH

1 2 3 4 5 6
Sampling periods

PO4(mg/mL)

= Abundance (No/m3)

—pH

1000 9
o 8.8
£ 3800
S 8.6
< 600 8.4
8 82 L
c . [=%
S 400 8
5 7.8
o 200 )
< 7.6

0 7.4

1 2 3 4 5 6
Sampling periods

Slandyisgl o bPH LLIT JSS pH 1y g0l (sl 92533k 5 954 (Slglyd bLoI ¥ S
and  Figure 3 Relationship between the abundance

Figure 4 Relationship between
orthophosphate ion

pH

ols Hlis (5,0 paigad alirs sloo g0 s lo Jxe d)LJ
P by A (Sl o (e g op i (P<:/-0)
Silopatges CIFY) paiy 5 (IAF) pgo slaeyss
VPR SR

coyo b plpleaze Siglihe 0l ol cm)p @l
2 ¥R edsd Slawle b 4y (R?) JJS GOV
bt asede WEYY/ORA TLY ™% i aolee (JG
S regll plealoaze i) (655 Slunlno D Jlaie s 4255
Slp wlolme B ol () JS2) el cans @ ke
G T eV VO Gl sanl ooad uwian) lob
o ¥Y g [eYE e feXY oY)
(F US) 05 /20 5 Ay o] Sran

2 9

of benthos and zooplanktons with pH

sloe,go jo lobedry vwian; @B ¥V ooz o
L mls elel 5 cwl sl @l ag,ls paiges calire
3 obaleazy JS 6lile 5 oled 039 eSSl ol Caws
0,99 4 Cod o gixe il8l g lo paiges 5 0y50
YVYIY o oboleams 58 (P<-/-0) cils L3
9 (PSS YV o) oled (359 (rimin 090 e e AT/
Glopdised a3l )0 Graghe YYIVY) S (slilpe
039 coley CubdS L (P<A00) wl Cud (il sal> y0)
<8l GliEl s gme jeb a4 3 lebeazy cose
0,95 ;3 S5 Ay odne (39 (nyeS 5 (nyiden (D[ 0)
(S ke FYVYD) il g (p 5 e PFNY) o
O 8 Bl oo e Ad S (500 paiges



AN OF-Y 5 090 o)leds s JLo) obpl wds

Final weight (mg)

5000
4500
4000
3500 Je
3000 s

2500 “. X

2000 &
1500 o 4
1000 ol ©
500 g
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 20 40 60 80 100
Total length (mL)

SB b gl )0 Bl ldloazy (Jie-1510 amw 5, 8 JCb
Figure 5 Length-weight regression of beluga fingerlings in earthen ponds

y = 7250800494
R? = 0.9261

Final weight (mg)

Final weight (mg)

3000 ¢ 5000
E Pond 2 . ; Pond 1
2500 F = 67.175¢00511x ® S 4000 |
E 7 R2=0.9079 | S S R 4
2000 F e o = C R2=0.952 .o
s . S 3000 ° s
o ‘© C
1500 ¢ 5 = 2000 | A
1000 f L ) g : o
5 R = : N
500 E ‘... 1000 ; .oo.
; [ :  J
O E . \ \ \ | \ \ \ \ L L L L L L L L L L I 0 I T T T [N TN T T T I T T T T | I T T N T T |
0 20 40 60 80 0O 20 40 60 80 100
Total length (mL) Total length (mL)
4000 ! Pond 4 5000 ¢ Pond 3
y= 82.071e0-0473x o > 4000 F = 69.634¢0.0502x K
- - : g y = 69.634¢ :
3000 [ R2=0.811 B ° = R2 = 0.948 le
i °y S 3000 f s
i Y 2 . .
2000 | o g ! é
: ..’ E 2000 - "’-
1000 [ . i i ’
: ¢ 1000 f o®
o b ; o®
T TR T T [ T T T T I T T T T [ T T T T S T T T | 0 -I T
0 20 40 60 80 100 0 20 40 60 80 100
Total length (mL) Total length (mL)

SB il jp 53 oudh SIS W90 4 Bab yldloasy (F39- 15158 g5, # S5
Figure 6 Regression of length-weight of beluga fingerlings separately in each earthen pond



() 502 5 (i ,955) (S sl el 10 Ol oloowsSo 5 sloazinl 3 56 cos (HUSO AUSO) 5ol o5, (Lol aw 1o ai, &l s [ AR

6210 paiged cilizko U030 cr O (S (sloazminul b Ol puudi ) Jour
Table 1 Alterations in water quality parameters between different sampling periods

Sampling periods

Parameters 1 5 3 a 5 6
Temperature (°C) 14.60 = 0.96° 14.00 = 1.29¢ 12.50 + 1.47f 14.50 + 0.96¢ 15.20 +1.29° 16.60 £ 1.47¢
Depth (cm) 14250 +3.49* 160.00 +5.46% 161.25+9.05* 172.50+3.04® 17250+5.0020 177.50£7.072
Turbidity (NTU) 92.50 + 15.002 50.00 + 9.64° 65.00 £12.90* 75.00+11.09* 85.00%16.96% 82.50+ 12.582
Dissolved oxygen (mg/L) 10.90 + 1.58? 9.25 +0.74%® 8.92 +0.79% 7.45 +0.66™ 6.95 + 1.43¢ 6.25 + 01.26¢
pH 8.57 £ 0.092 8.55+0.172 8.62 £0.122 8.52+0.172 8.18 +0.23° 7.92 £ 0.05°
Alkalinity (mg/L) 223.00 +12.05% 173.50 + 34.34% 162.75+47.52" 160.50 + 35.67° 166.00 + 36.91° 160.75 + 21.56°
PO4 (mg/L) 0.21 +0.062 0.17 £ 0.062 0.49+0.122 0.73+0.212 0.62 +0.112 0.78 +0.132
NO4 (mg/L) 0.24 +0.07° 0.24 +0.11° 0.57 +0.09° 0.60 +0.17° 1.67 £0.332 0.42 +0.09°

Electrical conductivity (umhos/cm) 1240 + 21.34° 1269 + 25.16% 1277 +25.16* 1330 + 27.85% 1318 + 242 1342 + 25.06%

Goloy Aiged (4599 (b yo wy b Sl Ol ki ¥ Jgua
Table 2 Alterations in growth indices during the sampling period

Sampling periods
Parameters 1 5 3 7 5 5
Final weight (mg) 341.50 £+49.31° 573.97+101.87¢ 1052.25+239.60° 1696.66 +294.99> 1696.66 +294.992° 2674.54 + 678.04?
Final length (mm) 35.55 £ 1.74¢ 39.36 +3.334 53.56 + 3.83°¢ 63.87 £3.47° 63.87 £3.47° 70.36 £7.47*
Gastrosomatic weight (mg) 64.11 + 6.45¢ 106.95 + 28.49¢ 207.25 + 53.36° 299.09 + 122.56° 346.27 + 80.48° 431.35+ 75.972
Gastrosomatic Index (%) 0.19 +£0.022 0.18 £ 0.03* 0.19+0.01* 0.17 £0.06* 0.17 £ 0.06* 0.16 =0.03*

Condition factor 0.76 + 0.09° 0.94+£0.11° 0.67 £ 0.06° 0.64 £0.07° 0.64 +0.07° 0.76 + 0.09*
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