OF—FA Sl / VFoo J,:._’.L;/ f_yw °JL“"':'/ r.h.:_)‘;.: Jl/ o\.:f}sf\" .h.:b)

S s 53 plnd S Sy K55 g5 5 K380 Sl S 9 0 Shes hd ) alis
S ) 55T

\ . Yols « YRR A \ . -
fbl..oj.kw‘g g\.eu&...»h Jeﬁy&.pg.b‘gg:aﬁﬁf
(\VFoo/VAVY 2 5y @)U SACEVAVAR IS {PET '@)U)

s AS>

b3l b Do s A ol Sl ST e 53 gl S8 5 58 (AL Goan () G D b ol asn
o) sy ol 5 5SB Olgeay (S 5 o o Lyl L JolS) pld Sk S S Ll Ol s ekds B gl S
Pl 035 05 b gl S 5 030 055 S K 03U O3y e AAS B S 3 5,556 Ol ge (pas e 5
5 M (ol pln Gk S g l plind 4 b S a5 O sl 3l 0 S Ols Jsb (S sl g JS SS O)s 0l 00
b g gl g Bl S O3y or St sl polatl s 4 1) Blu iy aler ol S O35 xSt 3 S
qkﬁf(RWC)glw.id!,bucﬂ;&.ua.uwdlt'l:.as‘,}:..ot}:.as5?.,”&\:.;3):45@4.33,3%,5&;&.:}{6%
(SPAD) (K& jos a5 Ls Oljse o F b a1 inn IS o gLt 3 S plind ol gl S S L a5 55 S plins
035 O gl 036 055 68 p 036 035 Jald SRLsT cpl 53 ) 3558 Slio BN onl  osde el Comsay Al 5 ol gl o
o 0 gln SBa S 5l SPAD [asls s RWC oS b (03 5 ool dilo 3liad & gyl oS 1 310 aln plokil 630
35 Jedly 5 Lals 0L a8 s 51 p oy 2550 Sl BN Blod 51 il s 5 ol gl g gemme 3 Ling Fab) ps3

A5 0L S gl ST e 53 S (gl 458 93

ot s Dlio (555590 gl (S5l sST 1 AS (slae3l

I Gl e ol G me 2alS 5 (8) s e IPRYH
520V 35 on g 5 0Ll 5550 (e 0> obe 5! =S (Aquaponic Sl ST LS Al S
o Al Sh Gdaaslge 5l a3 00 Blus 5y, O3 53 e Covs s 0l (65,508 s gla Sy,
53 00F) dy o oLS G pme 5 0 LS Sdee 3l 5 31 3den 03Uzl b ol (1) 5 1)) ol oS 5
s S 4 3l G b 51 0Ll SV s e Sop JralS (il o s g sl e 5 O

Ol 3l 2 Ol J o8l ((63,55LaS 0aSCiils (Sl oske 05 8 =)
‘_}lﬁl c}l.:TrJ? GQL:A.NJ‘ e@\: %EJ'”L';S TSR gQ)’L:.i L;.NJu@A 9 rjlp Aj; -y
mumivand.h@lu.ac.ir : S5 xS gy (DKo J g *

oy



O 5 L5 s

\foo ﬁlﬁ/(}-« UL«..':/‘..A;}I‘,: JLW/AL:?}\S\’. .h.:b)

glons (00) 555 o 38 Olgm b 53 Ysmme s gl
ol ) s ane LS e S S Sl
S il plni 35t e S L Bl ST s oS
Cuu'jgcudsw;tsw‘ﬁb“;m;w%ﬂ
5 8 e ol Jhin Yseme sl ol ol Jools e
Co—ol s (M. pulegium) 5 glss s n e
pose aadlae g Olass 53 e sbay pulialds 5 (S o
Sl 5 S olaad (VA 05 s eslind o355 0 5 5
ol foily 5o, Sae oLl gl o, sSL o Sage
— Slaas S 5 ks (YY) 5y, oo sleda gl slaa
(0) dmas o o 5 ) b e S 5 b e e
ol pln als asile ALS slaas S 5l ol
Sl e 53 s g0 b Ol s 5 50k ¢SS pe S
Alesls OLEs 46 jomts 05,0 (galiaml L 5l 5 Kleds 2]
S 5,5 0Ly (FY) Opdss Jlia gl (FF 5 Y8 Yo 0)0)
A5 55 Sosadar slais, » SOl ois S
(A) 2,658 5,W Jaw 5 oS a3l 53 25l (65 Sl s
e 53 5 Sl ST e 3 palS Ll A plonl
53 Gre glaain; 5 oM oole SHU Y e 51 g
Sl ST Gl el a5 slaws S S ) sbi sy
glxs (Ocimum basilicum) Sl ; 3l ile Oals 5 e
3505 @ e L 5 it e gl 5 Jals
S s 2als mleo (il s des I e glas )18
AFF S TO XY XY YA OF Y Xl

b Sl i g5 (Sl ST sumze ol 555 L
o=l 03 plond cidie gla 8 CiS L b s (6 5
e Il 55 53 OLLSGen 5 o 5l 5525 Lot
(Mentha arvensis) CL)J 5 Sas Lsls QLA (Yo \V 5 YoV P)
Lyl 3 i Sl 558 ale S esliad b Sl 5T s
el e 0586 (MR 5 TA) Sl iy S s ks
Rl a8 5 s o plin i pge a0 S
Al e 5 oS SB oLl Saa b ol ass,

oS ol (sl 5 e Al S e ey s WaOT s ol
SHNO3 ) @l 2 s (NHa) SUsel LS s e oslel
LSty rl e 3 S Ol 5 sl S G b
355 31 oS Sl o3l (O G e 3L ALLS ol
G5 S a5l pde e ga Sl s ealital ¢ pliacd
U5 HLanl Ol Ol Blisa 5 sl 5 olS Olojen
s ot Sl St ) s a4 S5 s ]
s L Sl ST g solasl 4w (T0) o
slhod slas S Cpms e 5 6lS 5 ale Olosen )50
&ﬁ&abﬂw.m 5 Sl Sl 51 5 ke
oromed 5 OLalS 5 ale 250 5 s sl p Ll Jooly
sy ol Jdsa) olas s S 5 LS fals
53 5 4Bl a5 e 5aS 3l (ol 53 (o108 O puas
(F) ol trn g5 U

Sla i S ste 5 (n fege S| (Mentha) las oo
Sl 45 Y0 31 i shyls 5 (Lamiaceae) Olelas o3l 5l
5 dlsd sl opils Wsas i ol Cilise glads S.004)
o3le Olgioas 5 died Hlo, 55 5 (635 (eolatdl 55l 5l ans
=als 5 ol zalig (ol olie =l L3 adsl
@IS Sated s (gyls S Ol gea CL.u Sl s 8
oS g g5 (333w skialS 5 1S SN s (halS
oslial ol 3Ll 5 e ool p3lg) Gl (Ol0s et
M Pl il il Gla i S 3 (1) 555
M) o C\_..u s M. spicata) C\_du (M. piperita)
CiS Gl b A S o S gee oAy ) (suaveolens
Sl dle e a8 55 (M. aquatica) glas (YY) dzes
sl 3T o dlemd 5 Jlms syl 5o oS col i oyl
a0 0T iyl 5 (V) 3,8 o ol 3 S 550 Ll e i
e g G L e Do baalle ) o0 e Sl Q0
e AL s gl (1) s S8 000 L8 B S S
Bla 5 58Sl 5 g Ll 5 el i L

sl sl 5 Shsm Ol Gp b GBS 5 s e

o¥



e S s S5h s S Shg 55, Shes (Ad ;) anslis

O 5 Ly sin

42.9[.3 di')))'»’: CL:U QLAL:f (Cgujfnbﬂ.:sw(u ‘JAL" di)}ﬁjx‘..»‘ (g_.a.” &UJTJJ oalaul J)j,a &:;ﬁ\;]w\ JS-;

Fig. 1. The aquaponic system used in the experiment: a) fish pond, b) filtration system, c) mint plants grown in aquaponic system.
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Table 1. Nutritional value of carp feed.
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Table 2. Analysis of variance of morphological traits and plant biomass of mint as affected by species and harvest time.

ot S8 x by Oy il Ol SEX S Ry S Source of variation
Error Har;;s;ﬁ;ne 8 Hzrmvzst Rep x Species Species Rep Sl
10 4 1 8 4 2 3131 a5 DF
8.87 12788 270 124 11111 4675 S o360 Leaf fresh weight
1.25 0.52m 1.53m 8.5 269* 7.89" S Kis 05 Leaf dry weight
305 380 889 739 18156™ 11737 43lw 3L 05 Stem fresh weight
7.9 2.55m 0.21m 21.1 552" 5160 ale K O3y Stem dry weight
. . Stolon fresh weight
5.45 9.48™ 39.2 213 1823 603" 04 sl 036 038
Stolon dry weight
0.27 0.05™ 0.20™ 4.7 30.7 11.4 O gl S 05
52.8 207" 3456 91.9 57967 179" 4iy; p2=> Root volume
33.0 195* 3494™ 69.3 32333 144rs 42y 036 O Root fresh weight
0.13 1.56™ 18.4* 0.27 94.2* 1.06™  aiy, K2 O Root dry weight {§
Fresh weight of aerial parts =
360 34518 2759* 1534 67426™ 3527 i fu‘;' 036 O3 é
Dry weight of aerial parts 8
157 4.44m 4.61™ 62.1 1601 55.1ns Ll (\M s O3 {
10 4 1 8 4 2 3031 4,5 DF 3{@\
14.62 8.25m 41.5m 69.0 2238" 66.6" S 5 o3b O35 Leaf fresh weight
0.003 0.006™ 0.0003" 0.039 0.90* 0.0009™ S Kis 0 Leaf dry weight
1434 37778 35089* 31447 161851"  55875™ 43l 03U O Stem fresh weight
23.2 83.6™ 2323 53.5 1099* 13.50  asle it O Stem dry weight
. Stolon fresh weight
0.04 0.05" 0.0003" 0.98 6.65 1.85™ O gl 036 05
Stolon dry weight
0.08 0.05" 0.00008" 0.22 12" 0.33" O gl Sk 039
297 5.07m 52 35.1 93.4ns 27.2m 4ly ) e2=> Root volume
0.13 0.57 0.13m 2.28 7.47" 1.07™ 425, 036 05 Root fresh weight
4.93 1.40m s 30.6 190* 88.9m 4l , i Oy Root dry weight
Fresh weight of aerial parts
1.03 1.23m 16.5* 1.63 405™ 0.74"s Llsh ol 036 O3
s ls fxe rb phe 5 030 5 sk 53 ls sme il elasOLLS oS Sa s ke

*, ** and ns stand for significant effect at the levels of 1 and 5% and no significant effect, respectively.
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Table 3. Mean comparisons of the effect of species on morphological traits and plant biomass of mint.

M. piperita M. suaveolens M. spicata M. pulegium M. aquatica Species
Ll CLJU o CL.QJ fow CL& “x Cl'x u.ﬂ CL"" “5
Dry weight of plant (g plant )
59.332 21.19° 27.61° 53.84° 63.43° (55 53 fJf) Sy S Kis 055
Leaf to stem ratio
0.85° 1.482 1.38° 0.55¢ 1.23° Sl 4 S S
Number of leaves
808° 925b¢ 115772 1078 12012 KARER
Plant height (cm)
be be c a b
64.8 63.3 58.7 93 72.7 (el &5 Cw)\
Intermediate length (cm)
4.16 3.15¢ 3.65¢ 5.374 5.552 (o5l o S0ls Jsb
Stem diameter (mm)
a b b a a
5.45 2.94 3.27 5.5 6 o hos) 3L ka3
Number of stolons
11.7% 5.83b¢ 0.5¢ 3.42¢ 13.9 ) gl 3l
. ] ] Mean leaf surface (cm?)
26.7 18.1¢ 16.7 19.2¢ 36. 4° I z z
(o Aofle) S » (Sl
Leaf fresh weight (g plant ')
109® 64.4¢ 74.2¢d 180 1702 (&5 53 f;) S o3t O
Leaf dry weight (g plant ")
19.3° 10.4¢ 12.0¢d 15.9%¢ 27.2% (55 5 (’Jf) S Kis 03
Stem wet weight (g plant ")
102° 38.5¢ 71.6% 1522 1712 (55 53 (’ff) Sl o3t 05
Stem dry weight (g plant ')
23.0% 7.16¢ 8.72¢ 28.92 22.3b (55 5 VJ§) Sl i 05
Stolon fresh weight (g plant 1)
23.7% 7.28b¢ 0.1¢ 4.26 42.22 (G5 fJf) O gl 036 O
Stolon dry weight (g plant -)
3.67% 1.46% 0.001° 0.68 5.46° (65 53 fff) 05 sl Kt 038
Fresh weight of aerial parts (g plant ')
b c c b a _
235 110 146 236 384 (65 53 ps) il f"m 036 O3
Dry weight of aerial parts (g plant ')
46.12 19.0° 20.8° 45.6* 55.02

I g ls pae M| Ao s O Jla] C]d.w 53 LSD &5 bl Ot n s wlie Gy = glls gla Kl

* Means with similar letters in each column, based on LSD test at 5% probability level, are not significantly different.
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Table 4. Mean comparison of the effect of harvest time on growth, yield and morphological traits of mint.

Second harvest

First harvest

Harvest time

po> il Jsl el s 0l
Leaf fresh weight (g plant)
102* o6 (63253 0 5) S a3k 035
Stolon fresh weight (g plant ')
166 13 (63 53 059 0l o3 055
5300 219b Fresh weight of aerial parts (g plant™)
(6553 05) glsn plll 36 055
Number of leaves
1068 ° 1000° S sl
, Plant height (cm)
79.3¢ 61.7 (o ila) 455 glis)
, Number of main and secondary stems
26.8° 24.1 s ol el sl
puge - Mean leaf surface (cm?)

(g o Sl) S plaw 5L

L1 (ol e Ml Ao 55 O Jlaz| s 52 LSD O3l bl gt o 53 alie Gy glls gla,Sils

* Means with similar letters in each column, based on LSD test at 5% probability level, are not significantly different.
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Table 5. Mean comparisons of the interaction effect of species and harvest time on growth, yield and morphological traits of mint.

Harvest time Species Root volume Root fresh weight Root dry weight Number of nodes
iy ol &8 (ml) (g plant™) (g plant™) o S sl
) ¢ adsy 03B 05 g, SEF O
(&5 05 2 ) (€555 05) (€555 05)
M.aquatica i gl 229.6° 118¢ 7.87¢ 12.3¢
First harvest M. pulegium & 5 ¢l 197¢ 85.4¢ 6.83¢ 15.5%
dst sl M.spicata ye ¢lss 173.6' 124¢ 6.23" 13.1%
M. suaveolens . glxi 95.3¢ 32f 1.91¢ 14.6®
M. piperita’ Jis ¢l 350° 225° 11.9° 13.6%¢
M. aquatica @T gl 250° 128¢ 8.82° 12.3¢
M. pulegium < 5 ¢l 226¢ 1214 9.55¢ 14.3%¢
Second harvest M. spicata - Tore 116 BUVR 13
r): C,w::‘:f o C )
M. suaveolens o ¢l 99.6¢2 42.2f 2.4¢ 15%
M. piperita J4s ¢l 385° 254° 14.5° 143

Al (5l e M Lo 53 O Jlaz| ela > LSD O3l bl gt 53 alie Gy alls gla Sils

* Means with similar letters in each column, based on LSD test at 5% probability level, are not significantly different.
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Table 6. Analysis of variance of some physiological and biochemical traits of mint species as affected by species and harvest time.

Error ~ Harvest time X Species ~ Harvest time Rep x Species Species Rep Source of variation
o G x b0k el b 48 x S <58 S b e e
10 4 1 8 4 2
Chlorophyll a
0.10 14.8™ 405" 0.02 227 0.01™ a Ly,
Chlorophyll b
0.79 80.8™ 238" 0.37 77.8" 0.009" ;
b Lés IS
» . . Total Chlorophyll z
0.80 84.3 1266 0.46 470 0.00009" U5 s s %
Relative water content =S
14.5 14.5" 80.5" 9.59 105™ 2.85™ i el 4
Sl Gl g
Carotenoid 8
0.03 0.61" 0.30" 0.04 10.7" 0.01™ .
7 A 55,8 {
SPAD index (}2\
0.46 1.59" 9.59" 2.18 48.8™ 6.39" é. s U
S el £
Vapor pressure deficit
0.02 0.00005" 0.25" 0.063 0.47" 0.01" Ipa Slse SLES 3 3aS
0.39 0.33™ 0.69" 1.95 2.09" 3.9m & 5 Transpiration
Photosynthesis
7.57 10.6™ 39.3" 323 116" 19.0™
e 2
CO; inter
368 963" 498" 923 522" 429 . .
$3a5 23 oS LSl
s Sl e J,:LT phe 5 Aoy 0 9 C)Ja..a 03l e Jlediasglis oS Sans g % ok

*, ** and ns stand for significant effect at the levels of 1 and 5% and no significant effect, respectively.
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Fig. 2. Mean comparisons of the effect of species on a) the relative water content and b) greenness (SPAD) index of mint.
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Fig. 3. Mean comparisons of the effect of harvest time on a) greenness (SPAD) index and b) relative water content of mint.
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Table 7. Mean comparisons of the interaction effect of species and harvest time on some physiological and biochemical traits of

mint.
Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
Harvest time Species a Jbs s b i, IS Js s ks SWEB1
il Ol <55 (mgg") (mgg™) (mgg™) (mgg™)
36 0is S e Sk b lsseS S ob O S e S ke o 0s e 5 e S ke
M. aquatica
3 ) 24.2¢ 8.40% 32.6¢ 5.57¢
<! CL,U
M. pulegium
i de d
Sy CL‘” 12.9 8 20.9¢ 438
. M. spicata
First harvest 3 19.47 8.55% 27.9¢ 4.58¢
Jol s o CLVQ.J
M. suaveolens
12.6' 8.21¢% 20.8¢ 3.55¢
e CL'@
M. piperita
o : 22.3¢ 6.16" 28.4¢ 6.39°
aquatica M
_ ) 30.1¢ 25.3° 55.5% 5.27¢
& CL.:U
M. pulegium
h c e d
S CL‘” 17.4 10.0 27.5 4.59
spicata. M
Second harvest 317 9.20% 40.9¢ 4.60¢
XX Sl o CLVQ.J
M. suaveolens
18.1¢ 7.64¢ 25.7° 3.33¢
e CL'W'
M. piperita
o ) 30.9° 15.2° 46.1° 7.68*

L (5l e Y Lo 53 O Jlaz| ela > LSD O3l bl g 53 alie Gy glls gla  Sls

* Means with similar letters in each column, based on LSD test at 5% probability level, are not significantly different.
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Abstract

The present study was conducted with the aim of symbiotic integration of Cyprinus carpio and five species
of mint in the aquaponics system. The experiment was performed as a split plot design in time. Mentha
species including Mentha aquatica, Mentha pulegium, Mentha spicata, Mentha suaveolens and Mentha
piperita were considered as the main plot and harvest times (first and second) were used as sub-plots. The
highest leaf number, internode length, number of stolon and leaf area were belonged to M. aquatica. On the
other hand, M. aquatica, M. piperita and M. pulegium showed the highest shoot dry weight and stem
diameter, while, the highest dry weight of stem and plant height were obtained in M. pulegium. The highest
leaf/stem ratio was also observed for M. suaveolens, M. spicata and M. aquatic, respectively The highest
relative water content (RWC) was related to M. piperita, which was not significantly different from those of
M. aquatica, M. spicata and M. suaveolens. The highest greenness (SPAD) index was obtained in M.
aquatica and M. piperita. Almost all of the studied traits including leaf fresh weight, stolon fresh weight,
shoot fresh weight, leaf number, plant height, number of stem, leaf area, RWC and SPAD index were higher
in the second harvest of mint species. Overall, M. aquatica and M. piperita showed a better performance than
other species in terms of most of the studied traits and may be recommended for cultivation in the
aquaponics system.

Keywords: Aquaponics, Biochemical traits, Interspecies differences, Mint.

Background and Objective: Aquaponics fish farming is one of the new methods of sustainable agriculture
in the 21% century (1). Aquaponics is a form of agriculture that combines raising fish in tanks (recirculating
aquaculture) with soilless plant culture (hydroponics). In aquaponics, the nutrient-rich water from raising fish
provides a natural fertilizer for the plants and the plants help to purify the water for the fish (2). Many plant
species such as lettuce, mint, mushrooms, cucumbers, tomatoes, rosemary and basil have been successfully
cultivated in the aquaponics system and have been shown to be economically viable (2, 4, 5). Wilson (2005)
stated that the vegetable production in aquaponics techniques is higher in yield than hydroponic methods.
Among the different species of mint, M. piperita, M. spicata and M. suaveolens are the most common and

1- Department of Horticultural Science, Faculty of Agriculture, Lorestan University, Khorramabad, Iran.

2- Department of Fisheries and Environmental Sciences, Faculty of Agriculture, Lorestan University, Khorramabad,
Iran.
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popular species for cultivation. M. aquatica is also a perennial plant of the genus that is cultivated in Europe,
North and Northwest Africa and Southwest Asia. M. piperita is traditionally used to treat swollen indigestion
and colic due to its irritating and antispasmodic properties (3). Despite the many benefits of aquaponics, no
research has been previously conducted on the cultivation of different species of mint in this system.
Therefore, the present study was conducted with the aim of symbiotic integration of Cyprinus carpio and
five species of mint in the aquaponics system.

Methods: This study was conducted in greenhouses of faculty of Agriculture and Natural Resources of
Lorestan University in 2020. The experiment was performed as a split plot design in time. Mentha species
including Mentha aquatica, Mentha pulegium, Mentha spicata, Mentha suaveolens and Mentha piperita
were considered as the main plot and harvest time (first and second) were used as sub-plots. One month after
the start of feeding the fish, the seedlings were transferred to the culture media. In each experimental block,
one row (with ten plants) of five mint species was planted. Iron chelates were added to the aquaponics
system at a rate of 2 mg/L weekly. Finally, morphological and physiological traits and some biochemical
characteristics of plants were measured. After harvesting the first batch of plants and for better evaluation of
species in the aquaponics system, all studied traits were measured about two months after the first harvest.
Analysis of variance was performed based on the experimental design using SAS software. The comparisons
of means were also done with the least significant difference (LSD) test at the level of 5%.

Results: The highest number of leaves, internode length, number of stolon and leaf area were related to M.
aquatica. Other species of M. aquatica, M. piperita and M. pulegium showed the highest shoot dry weight
and stem diameter. While, the highest dry weight of stem and plant height were obtained in M. pulegium.
The highest leaf/stem ratio was also observed in M. suaveolens, M. spicata and M. aquatica. The highest
RWC was related to M. piperita, which was not significantly different from those of M. aquatica, M. spicata
and M. suaveolens. The highest SPAD index was obtained in M. aquatica and M. piperita. Furthermore,
almost all of the studied traits in this experiment including leaf fresh weight, stolon fresh weight, shoot fresh
weight, leaf number, plant height, number of stem, leaf area, RWC and SPAD index were higher in the
second harvest when compared with the first one.

Conclusions: According to the results of the present study, M. aquatica has shown higher performance than
other species in terms of the most important morphological traits including leaf number, leaf area, leaf/stem
ratio, fresh and dry weights of plant, fresh and dry weights of shoots and fresh and dry weights of leaves.
Among the other species, the highest shoot dry weight and plant dry weight was obtained from M. piperita.
In contrast, M. spicata and M. suaveolens had the lowest growth and final yield. The high potential of M.
aquatica and M. piperita for cultivation in the aquaponics system can be concluded.
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