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Introduction

The aquaponic cultivation system, which is a combination of aquaculture and hydroponic systems, is among
the novel cultivation systems. In an aquaponics system, it is possible to simultaneously produce aquatic animals
and vegetables. One of the most important components of each soil-free system is the selection of a suitable
substrate. This substrate makes water and nutrients available for the root system and also contributes to the
proper establishment of the plant. It must also be non-toxic and should not impair plant growth. Another point to
consider in the selection of the substrate is its cost and availability, as the transport process will increase the
costs of initial establishments in such systems. Amon vegetables, basil is a special crop with a short growing
season and high economic value, which is also highly suitable for an aquaponic system. The present study was
carried out with the aim of comparing some morphological and physiological traits of 'purple’ and 'green’ basil
cultivars in different substrates in the aquaponics system.

Materials and Methods

The present study was conducted as a factorial based on a completely randomized design with three
replicates in a research greenhouse located in Zanjan city. The experimental treatments included 10 substrates
(cocopeat, perlite, sand, pumice, cocopeat + perlite (50:50), cocopeat + pumice (50:50), cocopeat + sand (50:50),
pumice + sand (50:50), pumice + perlite (50:50) and sand + perlite (50:50)) and two basil cultivars (‘green’ and
pueple). The aquaponic system in this study comprised of a 300 L fish tank containing 100 common carps. The
fish were nurtured twice a day with powdered fish feed containing protein, carbohydrates, lipids, vitamins, etc.
The water in the fish tank was filtered and fish wastes were removed in a filtration tank before entering the
aquaponics medium to be used by the plant root system. Chemical properties of the fish water including pH, and
nitrite (NOy), nitrate (NO3), and ammonium (NHs) concentrations were controlled using diagnostic kits on a
weekly basis. At the flowering stage, various traits including plant height, dry and fresh weights of roots and
shoots, number of nods, number of leaves, and leaf area were measured to investigate the growth of basil plants.
Also, physio-phytochemical traits including the contents of chlorophyll a, chlorophyll b, total chlorophyill,
carotenoid and anthocyanin were measured. Analysis of variance of the data was carried out using the SAS
software. Also, the least significant difference method (LSD) was used for the comparison of means.

Results and Discussion

According to the results, the greatest plant height (60.57 cm), shoot fresh weight (90.57 g), root fresh weight
(22.33 g), and leaf number (133.99) belonged to purple basil and the lowest value for these traits were observed
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in green basil cultivar. The results of the mean comparison for the morphological traits indicate the superiority of
perlite + cocopeat compared with the other substrates. Basil plants cultivated in sand substrate exhibited the
lowest values for growth traits compared to other treatments. Analysis of the interaction effect between substrate
and cultivar revealed that the highest number of nodes (10.5), dry weight of shoots (25.17 g), dry weight of roots
(4.67 g), and leaf area (17.13 cm2) were observed in the perlite + cocopeat substrate with purple basil.
Conversely, the lowest values for these traits (5.23, 12.93 g, 1.46 g, and 11.03 cm2, respectively) were recorded
in the silt substrate with the green basil cultivar. The results related to physio-phytochemical traits showed that
the highest content of chlorophyll a (1.57 mg g -* FW) and total chlorophyll (2.1 mg g ** FW) were observed in
the perlite + cocopeat substrate and green basil. Also, anthocyanin content was the highest (0.17 mg g * FW)
when the purple cultivar was grown in the perlite + ¢ cocopeat substrate. The lowest content of chlorophyll a and
total chlorophyll were recorded in the sand substrate and purple cultivar with 0.96 and 1.17 mg g * FW,
respectively. Also, the lowest content of anthocyanin was related to the green basil cultivar with 0.058 mg g *
FW.

Conclusion

Overall, the 'purple’ cultivar of basil was superior to the 'green’ cultivar regarding most traits in the aquaponic
system. Also, substrates containing perlite and cocopeat led to better results compared with the other substrates,
whereas the basil plants grown in sand and pumice had lower growth, relatively.
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Table 1- The water quality parameters in the fish tank
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Parameter Value
pH 75
s 05
Nitrite (mg.L™?)
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So losedn wlwgst (Pivot et al., 1993) 54 o yoxio
S o Wl olS o ) alisee (S5eles s sl il el culgilie
cblis ¢ (Mol et al., 1998) ashiss, flgsed cpwbuwgs] Lids
S 4o (Jaj j slatis Jlie 3 (iag) laplul
a3yl 45 pien (Landi et al., 2014) cewl an g B ols
Tattini et ) sad o plool B ()9 gla il ply > (6 5twed
33 Opbwgal Jlade gelp 485 g0 Slillas .(al., 2014
glie oS 5 ol e o Sy glis ‘2] g S’ pB)
Ferrarezi & Bailey, 2019) cewl oaly s plB)l ol o,

J(Prinsi et al., 2020;

) o
. ; 5 &) Suid gz 9P
i o M hawi el gy 7O T chw
ols gl _ kY| S g ooy _
SOV J | by, Id x
Y 25 stlop Ay Sy
Plant Root lo2 J Leaf
df height Node Shoot fresh fresh Shoot dr Root number Leaf
number weight ; Lary dry area
weight weight )
weight
”B_) 1 257.7™ 7216 ™ 437.4™ 30.84 ™ 204 ™ 0.39 " 861.6 " 1251
Cultivar
’w 9 4185™ 8.21™ 12157 72.54™ 726" 5.04 " 35482 1054
Medium
.- X a
M - . 1.2 0.81* 34m 0.07 ™ 08™ 022 195.4 0.69 ™
Medium xCultivar
s
40 24 0.08 4.9 0.22 0.2 0.07 175.8 0.08
Error
g 59 - - - - - - — —
Total
el 2.63 3.80 2.40 2.10 2.43 7.19 10.18 221
CV (%)
T g 7N Jleint daws 43 45 e g 3 re S Sa F FE NS
nsand ", ™ : non-significant , and significant at 5% and 1% probability level, respectively.

(0.96 mg g ! FW)a Lég,lS law ke polie oy yiaS
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Ol 8y 4 55 Oilsi] ke (a8 A5 Jols ale i
silizee ldlbe )3 il olais! (0.058 mg g L FW) 5.’
Sy 15 o0 ol SladiluSsy (e Cunl 485 g0 45
Giliseo (sln yiay il Baios Sy o ol 43,5 )38 S il
A i ol o ay Ll il (slaciens 5 CopgSsS ly
25 68 el (S5 (i g b g (dugy Slao p dwle
adS 5dod ol 3 .85 LB )y 3y50 Sigrgyded i
bl a8 )5 18 0, (b iy 5l Co adllas 390 Slaw
YO+ Cdy o0 YO Hlad 50 Sy (Ko juw oy dlols ol
09 el ) pol cnl s Rainggy ol Jols cansS'sS a0y
slalase plo 4y Cuws ol s Gl Cugs oS e
51 500 aass > (Roosta et al., 2017) 4558 laie cuss
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Table 3- ANOVA for the physio-phytochemical traits of basil (Ocimum basilicum L) under different media

Slaye (:50ke
¥ Mean squares
R gae gl 4y JS U I
. . 59,15 Clomgil -
Sov af A Ja)l5 b 5,56 Total Chlorophyll  Anthocyanin Aﬁ)y”lg_
Chlorophylla  Chlorophyll b Carotenoid
%) 1 0.0206 ** 0.000002 ™ 0.0206 ™ 0.14497 ™ 0.00049 ™
Cultivar
- 9 0.1067 ** 0.060816 ™ 0.3139 ™ 0.00102 ** 0.01718 ™
Medium
. X a
S ™ . 9 0.159 ™ 0.000001 ™ 0.0159 ** 0.00016 ** 0.00049 ™
Medium xCultivar
Eu:;r 40 0.0007 0.000149 0.0011 0.00001 0.00053
Total
CV (%) @l poss cupo 2.28 3.53 2.20 3.35 12.28
T g 7N Jloan] o (3 JI5 gxe g b dme pé i 5 4 F FF NS
nsand ", ™ : non-significant, and significant at 5% and 1% probability level, respectively.
oLy (NP 90 Olio g o) S Jou
Table 4- The effect of cultivar on the morphological traits of basil
olS glasl Sy dlaws
Plar;t Eei)ght el £l 5 Gis 2 o Leaf)r:umber
(cm) Shoot fresh weight (g) Root fresh weight (g) (Per plant)
Cultivar
)
. . 56.42° 90.17° 21.90° 126.41°
Green
[T
: 60.57 2 90.57 2 23332 133.992
‘Purple’
A3l 0 P<0.05 o ;> LSD 9051 5l ookl b jls sime M| pie )5 lo gt o 50 aliie g > *
Similar letter in each column indicate non-significance at p<0.05 using LSD test.
2ol g9 (9 S by olend Oglite cla Sk S S Ao

S o U 0, Skes 5 05, lise 2 st 56 s 545
(Mazari et al., 2019)
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i Rl e (Sl colin el (35 08 5 anle (Al
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sl Sl enidS pwn ol 3 by 3Sbes il 5 0 Shes e
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2 a8 ol (Sl 51 il Vaeme wiglate slacuis oz 4
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le o

pis Sl Wy > Sl ptus ip BY5 5 (S
(Wl Jgmamme 1Jg 3 0gMe .l oliowds 3657 51 ool & 55
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5 cnle Olay 5l oolawl a8 sy olis gy K 5l ol mls
Syl oS pboar ) SB (90 cutS sl 3 olS (2138
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(Filep et al., 2016)
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Table 3- The effect of medium on the morphological traits of basil

oS glis)| o plsl 5 0js )y ¥ 09 Sl
. Shoot fresh weight Root fresh weight Leaf number
. Plant height (cm) © @ (Per plant)
Cultivar
Sy 68.4183 b 104,607 24.205° 155.7
Cocopeat
C""J?*' 50.0467 9 77.232 9" 18.9167 9 103.917 fo
Perlite
e ‘fgﬁ 64.205 © 100.865 © 24.3033 P 149,717 be
Pumic
;IL; 50.1359 76.11N0 18.2883 " 89.317 9
e gyt CansS S 7451172 122,082 30.105 2 167.383 2
Cocopeat + Pumice
Slpt St 60.555 ¢ 96.812 ¢ 24.415° 142.067 %
Cocopeat + Perlite
ke +asS S 55,265 1 89.798 f 21505 ¢ 126.3 %
Cocopeat +Silt
o Sx +°“J” 57.3867 ¢ 93.978°¢ 23.565 ¢ 134.283 o
Perlite+ Pumice
oy vaule 50.745 ¢ 78.802 ¢ 20.145 f 1146
Perlite+Silt
ine Syrtanle 53.6967 f 885 20.7517 118.783 ¢
Silt+Pumice

3L o P<0.05 zaw )3 LSD (9051 5l o3kl b I size M) pas (S olo ygiu s )3 aliio gy
Similar letter in each column indicate non-significance at p<0.05 using LSD test.
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Table 6- The interaction effect of medium xcultivar on the morphological traits of basil
.. i

o3, Wy )5 wtlgp PNl s o5 ) Sl g S 5 s
. Shoot dry weight Root dry weight Leaf area
Cultivar s Nods per plant .
Medium (@ (@ (cm?)
e 5t ¥ CrsSoS 6.77°¢ 21.65b 4.09 b 13.27b
Cocopeat+ Pumice
e 4554 5.40°¢ 13549 2.94¢ 12.03 de
Pumice
e S+ 7.300 20.98° 3.54 ¢ 13.23b
Pumic + Perlite
S"“’L‘(’j 5.23¢ 12.939 1461 11.03°
an
[ . .
4 “”_*-‘*95 Sredy 8.402 23.584 5.002 14532
‘Green' Perlite+ Cocopeat
Syt aule 6.30 ¢ 20.04°¢ 4330 1263°¢
Sand+ Perlite
ke i gine &S 6.27 ¢ 18.60 ¢ 371 12.43
Pumice + Sand
dule CusS oS 6.27d 19.60°¢ 4.12 b 11.73¢
Cocopeat+ Sand
s 5.23¢ 16.31f 3.80 < 11.07f

Cocopeat
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s 5.97 17.12¢ 3.63 12.30 ©
Perlite
e St S sS 10.232 23.31°b 4.43 % 1427
Cocopeat+ Pumice
e ‘6” 7.10¢ 15.08 2.924 12.174
Pumice
e S5y ey 10.372 22.42¢ 3.88°¢ 14.10°
Pumic + Perlite
SML; 7.174 14101 1.57¢ 11.27¢
an
. sty 1050 25.172 4672 17.132
Ol Perlite+ Cocopeat
Purple Syt ke 9.20b 21.46¢ 4.14 b 13.23¢
Sand+ Perlite
ke Hghden Sy 8.13° 19.61°¢ 4.08 1317°¢
Pumice + Sand
ale FosSsS 7.70 ¢ 18.731 4.48 12.90°¢
Cocopeat+ Sand
s 7.50 17529 4.24 abc 12.07 9
Cocopeat
*’-J_ﬂ' 7.174d 18.64f 3.84¢ 13.10¢
Perlite

A3b g0 P<0.05 aw )3 LSD 9051 5 ookl bl size M) pas (S olo ygies s )3 aliio Cgy>
Similar letter in each column indicate non-significance at p<0.05 using LSD test.
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Table 7- The effect of medium on the physio-phytochemical traits of basil

o 59,8
Attribute b s C Aﬁ}:” id
o3, Chlorophyll b (mg.g -t FW) (rr?r;) .?nFO\IN)
Cultivar ]
CuysS S 0.466862 P 0.22997 °
Cocopeat
Sl h d
Perlite 0.258625 0.17629 ©
?A;miy 0.411796 ¢ 0.22893 °
;:; 0.199237 0.12329
o A§y+c~ug§5§ 0.524021 2 0.30152 2
Cocopeat+ Pumice
it CnsS 0.380341 ¢ 0.19865 ¢
Cocopeat+ Perlite
awle +W9§5§ 0.314349 f 0.15973 de
Cocopeat+Silt
e S 45l 0.349348 ¢ 0.17874
Perlite+ Pumice
el taole 0.270853 " 0.13462 *f
Perlite+Silt
e Sgrranle 0.28613 9 0.1521 d
Silt+Pumice

A5l 0 P<0.05 o ;> LSD 9051 3l ookl b jly dime M3 pie )3 lo (gt o 50 aliie g > *
Similar letter in each column indicate non-significance at p<0.05 using LSD test.
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Table 8- The interaction effect of medium xcultivar on the physio-phytochemical attributes of basil

. E ’
) Attribute 8 Jedy 5 e ‘}yw’v‘-
Cultivar o Chlorophyll a Total chlorophyll Anthocyanin
" (mg.g * FW) (mg.g * FW) (mg.g™ FW)
Medium
Phae S+ CaggS oS 1.275b 1.74"b 0.081 @
Cocopeat+ Pumice
dne oS
e T 0.963 ¢ 1.22¢ 0.061 %
Pumice
Pre S+ Sy 1.282b 1.69° 0.077 b
Pumic + Perlite
awlo
0.987 ¢ 1.2f 0.058 ¢
Sand
o Sy 15792 2102 0.085°¢
Saus Perlite+ Cocopeat
‘Green' Colpt aule 1.165¢ 1.55°¢ 0.075 b
Sand+ Perlite ' ' '
Ml"_tém © 1.160 ¢ 1.47¢ 0.072°¢
Pumice + Sand
dulo +CusS oS 1.168 ¢ 152¢cd 0.077 b
Cocopeat+ Sand
CasS'sS 1.149 ¢ 1.424d 0.064 d
Cocopeat
w
L 1.141°¢ 1.43¢ 0.067 ¢
Perlite
Phe St CangS oS 1.212b 1.68 b 0.18"°
Cocopeat+ Pumice
e Sy 0.963 ¢ 1220 0.148¢
Pumice
Sae Sy + 1.222 @ 1.63° 0.182
Pumic + Perlite
Lo
= 0.967 ¢ 1175 0.138"
Sand
¢ w’g’ﬂwjy 1.263 2 1.79 0.1942
iy Perlite+ Cocopeat
Purple’ pt el 1.189 b° 157°¢ 0.180°
Sand+ Perlite
dule tine Sy 1.187 1,50 0.170°¢
Pumice + Sand
dwle +uysS oS 1.168 be 1.52 cd 0.180°
Cocopeat+ Sand
Cocopeat
CAAJ
o 1.160 ¢ 1.45 ¢f 0.164 ¢
Perlite
bb o P<0.05 s 1> LSD (g0l 31 o3lisl b ylo sine M3 pias S ol gias s )3 it gy *
Similar letter in each column indicate non-significance at p<0.05 using LSD test.
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