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Extended Abstract

1. Introduction: Tomato (Solanum lycopersicon L.) is one of the most consumed vegetables in the world
due to their abundance of vitamins, lycopene, iron, calcium, manganese, magnesium, and potassium.
Khuzestan, with a production of over 21,000 tons of tomatoes in 90 hectares of greenhouses, ranks fourth
in the country after the provinces of Bushehr, Isfahan, East Azerbaijan, and Sistan and Baluchestan (the
total area under tomato greenhouse cultivation in Iran is over 2400 hectares). Due to the trend of drought
in Iran, providing the required water for this level of cultivation will be one of the main challenges and
concerns of farmers in the future. Therefore, the necessity of attention to water supply for this level of
tomato greenhouses, considering the dry and semi-dry nature of the country, seems to be crucial. One of
the biggest recent challenges in Iran is the limitation of water resources, which has reduced access to
water for both human and agricultural uses due to low levels of rainfall, poor distribution, high
evaporation and transpiration rates, and the phenomenon of drought. To overcome the water shortage, the
use of aquaculture wastewater or its combination with agricultural water can be a solution due to lower
water and chemical fertilizer consumption, as well as prevention of the release of nutrient-rich water
sources into rivers. This can be one of the helpful management strategies in solving the water shortage
problem in dry and semi-dry regions for agricultural production.

2. Materials and Methods: To investigate the effect of using fish pond wastewater on the morphological
and growth characteristics of three greenhouse tomato cultivars, a factorial experiment was conducted in
a completely randomized block design with three replications in the greenhouse of Shahid Chamran
University of Ahvaz during the autumn and winter of 2021-2022. Tomato seedlings were first produced
under LED light in a room and transferred to 9-liter pots with a row spacing of 90 cm and a plant spacing
of 30 cm at the 3-4 leaf stage. The planting media used in this experiment was sand which was washed
several times with purified water before use. The treatments in this experiment consisted of three types
of nutrient solutions (Resh nutrient solution, fish pond water, and modified fish pond water) and three
promising greenhouse tomato cultivars (V4, AZ4 and AZs). In order to modify the fish pond water, 50
liters of tap water were mixed with 50 liters of fish pond water. The fractional amounts of elements in the
growth nutrient solution were adjusted to standard concentrations of elements in the hydroponic culture
using common fertilizers. During the growth period and at the end of the experiment, the growth,
morphological, and growth characteristics of the tomato plants were measured and examined until the
fifth cluster harvest.

3. Results and Discussion: The results of this experiment showed that the Resh nutrient solution and
modified fish pond water had the highest plant height, leaf number, and stem diameter compared to fish
pond water alone. The results of the interaction between nutrient solution and tomato cultivars indicated
that the longest distance from the planting medium to the first inflorescence was observed in the AZs
cultivar with fish pond water, and the shortest distance was observed in the V4 cultivar with modified fish
pond water. It seems that the increased uptake of nutrients such as nitrogen, potassium, and phosphorus
in the growth nutrient solution and modified fish pond water treatments led to an increase in plant height,
leaf area, stem diameter, and node number, while the insufficient availability of these nutrients in fish
pond water treatment resulted in a decrease in growth indices. Based on the results, it was found that fish
pond water had the longest days to the formation of the third fruit cluster (82 days), and modified fish



pond water and Resh nutrient solution had the shortest days to the formation of the third fruit cluster (74
days). Furthermore, the Resh nutrient solution and modified fish pond water had the highest total fruit
weight (480.84 and 456.00 g, respectively) and fruit diameter (6.25 and 5.99 cm, respectively) in the
second cluster. Fish pond water had the lowest total fruit weight (247.89g) and fruit diameter (5.33 cm)
in the second cluster. The results showed that the V4 cultivar had the highest total fruit weight in the
second cluster with a mean of 425 g. The AZ4 and AZs cultivars had the lowest total fruit weight with
380 and 375 g, respectively. According to the comparison of means, the modified fish pond water and
Resh nutrient solution treatments had the highest total fruit weight (477.93 and 456.49 g, respectively),
fruit volume (107.47 and 98.15 cubic cm?, respectively), fruit length (5.66 and 5.11 c¢m, respectively),
and fruit diameter (6.38 and 6.19 cm, respectively) in the third cluster. Fish pond water had the lowest
total fruit weight (257.18 g), fruit volume (78.24 ¢cm?), fruit length (4.84 cm), and fruit diameter (5.69
cm) in the third cluster. Previous studies have shown that increasing the concentration of nutrients in fish
pond water, including magnesium, calcium, potassium, and even nitrogen, leads to increased fruit
production and yield in mature plants under the influence of fish pond water salts. Therefore, the use of
fish pond water and the modification of its nutrients with conventional fertilizers not only reduce the
consumption of fertilizers and water in the agricultural sector, but can also play an effective role in
reducing environmental risks and improving the level of sustainable agriculture.

4. Conclusion: The results of this experiment showed that modifying fish pond water probably improves
the growth and yield indices of tomato fruit, possibly due to the adequate supply of required nutrients to
the plant, similar to the standard Resh nutrient solution. The results showed that using modified fish pond
water not only did not reduce the yield but also could increase the crop yield compared to fish pond water
treatment. Additionally, the V4 cultivar had a more desirable performance in terms of yield and growth
indices compared to other cultivars studied. Therefore, based on the results of this study, the promising
V4 line is recommended for greenhouse cultivation using modified fish pond water.

Keywords: Cultivar, Greenhouse, Nutrient solution, Total Fruit weight

Citation: Baji, A., Shabani, E. Alemzadeh Ansari, N & Albaji, M (2024). Changes in morphological and
quantitative parameters of tomato in response to the use of fish pond water. Journal of Vegetables
Sciences, 15(1), 91-108. doi:10.22034/1UVS.2023.2003702.1291

Copyrights:
Copyright for this article is retained by the author(s), with publication rights @ ®

granted to Journal of Vegetables Sciences. This is an open-access article distributed
under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/ by/4.0).




A=)+ A) Slorio F¥ (liwsli g e ) 05los I 035 ¢ A Jls b 5w pole soke dolibindys

doi:10.22034/1UVS.2023.2003702.1291 g3y o g o YEVP-FAYY : Sg sl bl 4,2,

Plo il O 3l ool & Frwly 5o (K BazsF (o5 3 (Suelsd 90 S ASLE s
P sl daxe 3 T sl 0313 e ol *7 gilomds o1 52 gyl
Olpl Gleal Glaal ol ez agd olBiils «(65,9leS castiils ( SLEL pgle 04,8 o )|l IS gisls -)
Sl 3al Slsal ¢l ya au ol o535LS saSidls o SLEL psle 03,5 lotind <Y
Sl 58l 3150 ol ez dagcd oSl 55,5LS 0aSisls (SLEL psle 09,8 uidls -
Sl lgal laal o)l jam spds olSils W jlanme g ol (cwdige 0aSiisls (L2525 g 5 kol 05,5 ¢ Lusils - ¢

edris.shabani@scu.ac.ir :J giwwo 09w g5

OF Y0 Y by f,b VEYFIPY 1,505k g, VEY/ Y el s gl

oSy

4 bl ol 50 T 2gues JSiino Jo (5o IS0l ) aloor 51 ilgi o0 (6359l T L o 57 L 9 M ol 31 00lii!
o3l (K yhazrsS suamel (u¥ ¥ (05 5 (K5oladig0 ST ¢ ple sl ST I solkiwl I o)y glie
9 oy Jobmo Gl gl ulusl .ol yd 1l a4y 5155 dw b (Bolad JolS (sloSals 5k B 50 3 o555l @ yq0
22 52318 gl U yumny abiold o ¥ (s 03090 Slomy| (K594 95 oLS 53 1 (5 (b y b g oS!yl o
il ST Jala 00,5 oudline ouiizdlol youisl o 9 Va oy 50 o) ninS 5 oolo sl OF Jslo 9 AZs o
G 555 oS &1y1o Gy Jokone 9 oudzdlol sl T g (595 AY) poms aligs ogae JuSuid B 33, 0 35 iy s1olo (s2lo
23,5 00alio 0,5 FYD (459 bowgio b Vi o8 55 p9d aligs ogmo IS (339 (5 Gl 3092 (59 V) po aligs oSl
O Jalxe 9 ouiizdlol ysuisl O sland 10 ogun Jlad g Job cogae mx> cogmo JS 0139 (0T it P gm AdgS 40 (yirad
oualin b Jokmo b o o)kl Vi o8 50 aigy 0,8as ¢ yidies 13,5 osdlino oolo yoinl T 50 LT ¢ 705 9
ez I LES (o5 1OYY/BY) sus kol sl T Jaloxa 50 Vi pdy b 6515 sizo S5 5 (55 VDAV ++) g0 55
POl gy gl & 4z gl b .o S sualine (p )5 55/ AF) (ool yiasl T Jalno 9 AZs 03 )0 3,Sas (3500 (2 505
B3,5 o0 dmogi oubzMol plo yoiwl O 3l ooliiw! g ALRLS o el cgx V4 sl (¥ 1 el

ogr0 JS (339 «219& Jolowo (AililS o8 s galS slaojly

NS oS 5 Suieled 00 sl arli ks (VFY) o Ul ) s lail ool) plle T Sl o (2L robiciw]
AV A OND s iw pole . alo Bl O 5l eolinl 4 gl 5o

@ ® oo b hlasl plgd Gl sl bgase allie ) (0) odians 6lp Ol> 3>
OH9R poes 6‘)4 d.l.‘)u wL..u <9 o olj O Hygody d.L‘)u L)"‘ B 0 g_)l.‘> Sldlao lnl.o.a ‘61)]




o il OF jl ooliinl & Guly 5o (4255 (o5 3 S ielsre0 S LD ynd A

—oo Il 5 sdae dlge YU (glyime b oale b9
0,8 15 oolitul 5,50 (55,58 Y game jo Wlgs
Khater ) sgi Co paw 385 job 4 aSGl 5 by pin
olu 5l eslaul (et al., 2015; Dias et al., 2021
Gpas Jodo 4 65,5l ST L ol S5 L g oL
I enTsr srmen 5 aleed 355 5 Ol S
lailsog, j0 gdue olge 51 8 ol mle silule,
S9eeS Jhane Jo g LSl lacy e 5l Wiy oo
Ygame 3y ;0 Siddad 5 Sis gble O
Asano & ) wib o3> (! 5l del o S g 55,0leS
(Tchobanoglous, 1998
Gasn byl 1 ol slocbuy 5l s S0 e
Ol w85 5 2l polie jl 8 Of Gy 4 Lo
Ay g Sdggyd gt o LS s L
odds )55 salitee Slllas (o (slailsls Y gase
» Bl Ghsn Sl esliul asiliy ool
L olals cnl adss a5 ol glias oolldl (S haz oS
iy ab) ol cow ol hy9n slacle
(Blo G990 Gl b ool 4,355 (lalS 0o S
5Vl L alie olasds QIS 5 s £y
solu b (bl a5 oK .ais )l cavoas 1) valss
gl 50 (A e sl g )lol ale s
15 ol ol o5 olSim . utld g2y oliandipmd s
cely ol byar ol i ooliil aalS al>
23,5 anaeul Al g o 0j (Sl el
3 wimes (Alvares da Silva et al, 2022)
S W35 paie Siagh opl ey K05 o)
Ay Job yo ale Ghygn ol 5l eslin
2 opme s alS el lUIT S Sglaid
ol adgs j30 8508 9 )0 o Ll gl ool Al o
(Alvares da Silva et al., 2021) s2s o ualS |,
30 S oad asal O Gl 5l sl
ol cnl pomye o)kl b anslie 1o (S5 84z o5 oo
03,5 Jyame onl 9)Sles Gl o oy Ol
5 SS9y oS 5,Slae 540 (Erfani ef al., 2001)
Slay jloslatul b (piag) 5 g sba sl 24l

doddo
Jdsay (Solanum lycopersicon L.) 5845
O97ed (Mo Wl g ggrlae pab B pan ;0 £95
(2l oS L g A glagrslyg 5l g )l
Slmj 51 S el 9 e K eeelS
Haghighi & Mozaffarian, ) ¢l > G ,a0p
2015; Schmautz et al., 2016; Turhan, 2020;
L obewss> (Alvares da Silva et al., 2022
SIS A o (SBaxss o5 e VYl e ey
Sham 1) )9a5 p)lez 4l (liwl (pl slaalils |
Ol 5 (B0l (ledol pds lag bl
s gg0me) Sl o8l olais] 355 & ol
VE 5l G ol (K az S slalils cis’
4 4>¢5 L .(Anonymous, 2021) (ail o ,LSe
o 2l 5L 3590 Ol els Gl 5o JloSss i,
wiz ol slaasacs 5 lagally 5l (S uiS
Kaab omeir ef ) sg aslgs l5,5las ool Jlo
L5 9,50 O el 4 g3 poy) onlple (al, 2020
Zadlo s 4255 b (K ,8ax S sloallS l mlaws ()l
21 (6590 JalS (5 0l 4,955 (09 StS o 5 St
ey 5o S

Cudgaze Glpl 2 sla il (3 S5 5l (S
238 «S9sk 08 ok s 4 o5 cel Of gl
JuSis onny 5 3k 3 9 S ol s
Slr o2 g Sl Bilae 6l o0 1) OF 4y (gus i
SgeaS y dde jlite dy el ools malS g5,5laS
=55 o] leslatul § Ol 5l saze solaiwl col
& Siddos dbhain 0 O 4 cwyiws Lol (el
Dias et al.,) cul JLSis slao,ss ;o o
Sl ael pg3l 5 Olez Comex L2l (2021
SoyoliS OYsamme oyl Coenl U ol o olie
2l aiile Slsm slogtign 9 S g ogee wiile
Gl slasT g sl 5 oolizal b b sl
gle bi> jolaie 4 (j9b ol 5 oale 5l asile)
Tabatabaei et al., ) ss 5 luz g0 ks> o
5o o adgs ol (2004; Ghaemi et al., 2016



a0 V¥ bl g lg ) 050es 18 0393 A Jlo b g o pole soke aoliladgs

o8, 4w glalis 03 el Vel
Lls o (AZs g AZs Vi) GlallS S paxS
VoL ol g 30,8000 caws LLED |5 o ¢ 50!
%990 TFOED enicush; 5 alids) 0)90 ol
G, 4ol b 5 4 (slagalS 5 VF el o
iz 5l w4 Sl 00y dwle ialejl ol csls
28,5 18 soliiwl 0,50 diial ©f b gl Cog
Loy elad JUl 5l ey sl 3, 90 0 lalts L]
2 Spazrss slais 43a5 ol 5l a5 oxed
alis L5:‘..\.(: J9l.7m EWW Jawy A,y 0,99 J}lo
iagb g Lo ol 00 5 sleil (cuizo!
Twlaogb, g miwbes olSiws hawgy allS Lo
Job so 5 sbas Jl 5l ey ailis, & g0 Lz
25 dSE 50 we,F el g e pSejlul ol a0y
GBI (cmniush) g Lo (Sl 5 00 5 i <02 P
(Yj \ Ji..u) Sl 00 o3ld UL.M.; Ay 0,90 Glo
e Jsle 5 7 Jolss (aloj] ol (sla Loy
A ECE St FESX g E TRV BN BN (R W
‘.;a) G,Lxs: le.’?u el °‘>5‘. (AZS 9 AZ4 cV4)
P: 50 «N: 140) s ae clale L (Resh, 1995)
B: <Mn: 0.8 «Fe: 3 «<Mg: 50 «Ca: 180 <K: 325
a5 (mg/L Mo: 0.05 5 Cu: 0.05 <Zn: 0.1 <0.3
L (oo el Ol ool (b9, ol Ol s 8
ouSiily yo s (gadgi axly SOOI YL WS
0,90 Job yo sleal liex ol olfiils (g5,lisS
2lo il O Slaawds Slasin s 5 ags cus
oloS 5 ple g EC=3.65 dS/m «pH= 6.5 sl
{N~7 gg00 <Na: 31.55 ¢HCO3: 305) Jolis )]
s mg/L K: 37.14 <Mg: 48.35 «Ca: 165.33
Mw;)b)é).n.adsw|o~>y)&~d@)>)‘m
ol pd 00 ol ale sl Of Aol jghate
oS5 oo Ghyen el Ol B0 L g

oo 9 (2

Atefl &) conl ool (5,155 s 0ol dvhal
L 23058 5 Ko awsy ,o (Ghaemi, 2012
oS )3 (pleed 355 Joloxe 5 (ple Fiul Sluy
alllas cpl @ls 285 )18 2bs)l 9)90 (K855
Sl s Dglds (K ,84>65 S o aS ol ol
Sy il 5 gy ety jo sled 90 G
3loolazwl as” ols las islesl cpl slaasl el
Sl e adgs sl 095 plges alo (B9 0 ol
5 Cmpslme o Sl Bl 285 L o b
Sz )| olond oS b avslie o aie fSlas
aaas Ol jl eolanwl (Hailu et al,, 2018) s ls
5 @t b (S parsS i ez )l ,0 0
Ol o e ghaw (o1, slaa>dle LB ul8l gals
Ghaemi ) ols ;i Jgere oI b wld o oylalS
g Bl Cluy oS5 g, 5l eolaxul (et al, 2016
Sory e Sggyiee laciaS s olS udy
5 NS ohl) 5 D) (s, sl Sl
asJlas o (Chauhan et al., 2006) o5 sal5
ogee g 4Ll Ady) SS9 5 (g GRIB! i
STL old )0 s Slay jloslitul b lacds Jald
(Afkhami ef al., 2021) ol oo oI55 ol>

2 Gy DYg5 el ablueS Ws, 4 axg L
slacle oy dbleg GulBl 5 2 glaJle
@) #lo il slaclu wiles (65,5laS 5 (Jaio
(1o 5 25 plole ads slaasly sass Lo
ssbie a alesl daclay a1 eslinl el
e yolie 5l gumeytr 9 Brae o oz (rald
b GO Y game a5 ez o] 50 2525
Sledd opp Sk p2b Segn WS
3l eslil b (SijazrsS o5 5 Slslsd e
sl 4285 bl WU o515 _abe il

L w9y g dlge
oaSils pdagh- chigel WS 5 gegh (ol
5 b b oleel s aad oKl (g,0laS



Bl il O 3l eoliswl &1 gewly 53 (K942 95 o5 9 (959098590 SRS Ls i as

J> i Ve slaaSiay j0 g Al 098 jo sl eslitul b ) e 5l pelie (S polie a0 S
Jsle Sloss aw PH (3laglana jolaie & 0ps )5 Sl wile) Sisyygiee CiS e Jolaie slassS
PID gebans b oo OF (S 125 o Sl o0d 58 e Sligs ol Sl «lind gpasliysio opdS
dS/m s, olae Jsle EC yiman .ay0 5 solazu] v 4 (e o,y polie plo g ool O (o juie
035 VIO dS/M ous Mol 3l TEC 5 ¥IVY  wd sl U3, Jslme 5o yolie slacdil s il

el 039 1l Luwly ool 5o (easspdlal ale seiwl L)

(01,5 Hilw 4z yo)les
Temprature (°C)

Day after transplant

o= o9

— min — QX — QVC

--------- Linear (min) --------- Linear (max) -------- Linear (ave)

9y 093 Jgb 0 AL Glod (uSilo g (2§ Gl (0 S U
Figure 1- The minimum, maximum and average temperature of the greenhouse during the

growth period
75 7
2 ] '\ -y
65 ‘
’5:3;}60' # \ ' “v‘/‘ |‘\ :‘(
3::Ebss- \ a |
- ! ' , U U
s 50 A
2= | 1 c’ / ‘ "
3247 ] \
3 5407 ‘f, Y
= &35 (I
30 A
25 A
— AN~ unmaaN-—uVnaMnNiE—uVaanits —uVn oo > — WV
JUSH e 5,
Day after transplant
min ave max

oy 098 Jab 50 AL cuiush ) (1SSl g (2 e oo TS Y JSCD
Figure 2- The minimum, maximum and average relative humidity of the greenhouse during the
growth period



ay V¥ bl g lg ) 050es 18 0393 A Jlo b g o pole soke aoliladgs

NS (Shug) 9 (S e s psly
Slg 00y Jobre cosal Cewsts @l & 29 b
o 5 a) &g a5 o iy sl ealim Mol Sl
@ls cale 3l T Jla 5 (o il YAY 5 VAV
I8 vl 009y (o sl YY) aigy glas )| o 50
Gl Uiy sl o5 ol olid ilojl ol gl F
Al Gl jled g (0,5 Y0) 0,5 Slawd (5 e
0,5 olaws (S glls eale il Ll 5 saizSlol
4 azgs b (T JS8) wog (05 Ve 5 VY coi 5 )
Sl s oy Jslome a5 0l aseie sdellawddy ol
oy ) S polaws 1y 5 Gien sl saiz Mol ]
shls ale el O 5 wog (S sae YF 4 YO
2 (0 JS5) 09 (S oae Vo) Spoolowd op 5eS
el Ol g oy Jslome gy ool gloaidly ol
(o gl VIY) a8l Jlad oy 5 oo 6l easzdol
V) aile Shd 508 b wabe yEenl O

(7 JS8) 95 (e Bl

e slaps, 9 olieJolxe blite S mls
Ol U e alol o 5 i 45 0ls (i (G a5
5 plo il O Jsloe g AZs o8, j0 (3108
oaalis oaipdlel Sl o1 s Vi 08 50 o in 58
s ol las Gialeyl ol slandl ioren s S
Bide sloles j0 AZs o8, oS Cdo
Sl Vi by Jslxe ;0 Va o8 e Jol=o
O oz (VO SS) s, sdalie (6l s
e slaJgloe )3 AZ4 15, (3T JS by alold
~ ixe ] ale 5l T 5 Vi o3, 5 cilise
@l @ Az L0 JSE) 9055 easlin (o)l
Ol g by Jebe a5 we 5 askie cdel Caws
5 a) S el (Gl 1l salz Mol el
Ol g (mpeyegile VeAD/A+ 5 VYOV -
Sy oghe Ol oS bl el
(A JS5) o9t (aryo o il FVVEN +)

oo 9 (2

(tagy Slao Galojl (Ll 5wl 0p90 Jsb 5o
S Co (K paz S sl odaly 5 Seielsd e
R son 5 SrSoill 090 alsS gy idlyn b
dol B iy alols 5 gy glis)| (g Soslail .cd S
Bl b 305 pladl )l st salisas (315
slaws 6 ,mSoslal ol (6 S o3kl udsS saliwg @
2 58S Sz LS gy Ve w0 slasl 5 Sy
o8 galpsgts gy Sy gl «Linlo)l bl
LTD, Scientific Instrument, ) zwS p alaw
5 oty U sl adgs clboges 0 g uSoslil (UK
5 039 olse 4 o1 U5 039 5 Sulo by 090 Jsbo
0,99 Job 0 g o 0 Sles S Cud alss e
A0 5 cublooly g dnnlre ade> mu sl 4w,
A8 g Job g p wille oge (05T A S s
IR omir Sy90 po 9 p9 gl sladde> 3 05
Sloalg> )3 Dlao (pl gl pre poe Jdo 4285
Sl 0ds (5 10095zl yo 1 ;3 5] et g o ke
5 Sz o5l leolainl b oads cuiils yy sldogue
Woges yhad 5 Jsbo 9 0,5 (j9 slael o8, g0 s L
osS Galewy & W o Gl calon 1w
oS IS el e n g xSl
ot ooy B 5, wiile oly Slao 5ol
alold) pow U Jgl sloaigs slaoges 5 (315
0gee pn> b b ) e p (0900 Jo5i5 5l
b gSeilal vl olbul By, @
(Faezizadeh et al., 2020)

S5l eslial Sl )y jskite a0 Ghogly ol 5
05, ¥ sl 5 (Seislsh g Sloogas 5 sole
23 JosSt Ojgon ctalosl il (S5 paz S
) S5 e b ol oS slaSsl b
coalesl cnl 0L o 008 12l (g 5o Jals 1,85
SAS a5 5l oolizal b baeols o 5 435w
3 ooliinl b o n il dunlie (rizren (285 O 50
530,00 Jlozo mhans j3 (Sils (glarels aiz (505
20,5 sl Excel Jl381e 5 L Lo loges o)y



lo sl O 5l ooliiusl & Gly ) (K845 (05 3 (K599 y90 S ALY i A

250 -

200 -

150 -

100 -

50 -

ag elai,l
Plant height (cm)

Resh g3) J 5l.>m
Solution

Fish pond water

oads sl ol ol
Modified pond water

S s By, b (glagygins ) 55 342 oF &gy gl cilizio (108 gl Jalmo 1 -F S
(05,106 00,0 O Jleio] mdaw )3 (55l sxe BS]
Figure 3-The effect of different nutrient solution on plant height of tomato (Columns with same
letters have no significant differences at the 5% probability level).

30 -

25 A
4]

. 2 20 -

2 IRER
\ v

° € 10 -
Z

5 -

0 -

ooy Jole 2le il .| oy Mol el .|
Resh Solution Fish pond water Modified pond water

20 G e BNS Cglise B9y b sl ygiw) (5984565 0,5 olawi p ko olde sbd Jolxo 51 -F &
(25518 0o ,0 O Jleis| o
Figure 4-The effect of different nutrient solution on number of nodes of tomato (Columns with
different letters have a significant difference at the 5% probability level).

2 LSy mlaw g Sy olaws il o) e Ll @
Pl iz doay sadpdlol mal Ol g (3, Jslore
ghw Jdo g casl 009 S lawgs ()59, 9 Haud
Jsloes 4 Cas ole Zeial Ol jlass )5 a8 Sy
yolie 2eS polie Jds 4y oasidlol el Ol g 3,
DBl o0 058 g el oumedS Gl ()59 00 olae
sls>no Khater ef al. (2015) slaasl b gl oyl

Slag a5 020 oo plis ) RKiwgh L8 slaasl

aS sS4 tiwl 0,95 0 (6 S Slad I ol
Sz e (2le olay 55 35 5 Dlad 35S
S Jds 4 as s Sy jun SOy ol 0,0 g
Ol 0o sk Jleds alsly 5 Jobe bludl (0925
Kaab omeir et al, 2020;) ol oo Cwoud
ol ple (Kholdebarin & Eslamnezhad, 2005



a4 V¥ bl g lg ) 050es 18 0393 A Jlo b g o pole soke aoliladgs

P > o alox 5l (So5el5id al>ye a3 Jola>
Dgdige Sy (Joke slié @ ey conl 4 i
05 95 3l e e oo 4 el sl s Al
55101 o sl sazmoylis Na* asle ol cla
3 D) Rl e a5 05 anlllas 5 )90 LS (s,
Alvares da Silva et al, ) w55 lals -l
oolatwl a5 aas o Hlid o Kie gl slvaisl (2022
JGsl £ ials s a4 s ol sl O )
II s gid o (65,0 bl aoli8l o (g Sl
oial38l il (65 51 B pucilSo 90 (gl )lo a5 045 0
9 onl &5 (el Lo)S b Gl b el 6l
SST s slaaiss wails ael)lS easlSe
5 Jeo,lS o 50 Gl &5 g oo JoSi5 ROS)
Taiz et al., 2015; Alvares ) xgis oo Jokuw 0,lgs0
(Y1) l,Ken 4 Chen .(da Silva et al., 2022
3 Sxsd ol falS 4 ggdge cnl oy b
oSN JESI & 5 5 IT gz o33l (falS azess
o Ll ole Pl Ol o 0gzge Sod uis 3l AL
255155 003L 40 Ol s oy | bl glae 58S
POIWOREESCRIGA ) LES X CE-X N WA T | EPCOWOORISL:
e 5 Cel (G d Sl S 5l (LA (6 angnd
Sl amD s eyt Collb uelS &
el T laslegs (o (chagy g ooy glagasls

s cdllas yiogh ol sleadl L as 09l o oolo
30 -

s

25

[EEVICIRT Y}
— (]
> S

Number of leaf
=

Lh
I

o

oo 9 (2

G SiylE 0 (YV0) o Ken ¢ Gravel .s)ls
Slas 4 DS g pawigel polie iali8las wsls yLas
e 1 il ogan oS o Slas S04 o ¢ Lo
5® g gl Gl cle 09d oo S el 5 ol
polie yigs i woy & Sl (Ko ;2 ims
ols s LS sloassly ez sl Lasye 4l
2le Clag 5l eolainl b (S84 aigy glas )l as
VP 5l Jaore oS )0 9 o 28l VAL VTR 50
oLS a5 )| dgups g el 0090 yurio i Sl VAA L
Cool 0als 0ols Cos Slae olie Qd> li8l o
Jolowe <S5 5l eolanl (Khater et al., 2015)
by polie g Lls s 4y mbe Sl 5 lid
gls 5 lmy QLS 589, Rl o (sdae Slge
Valentina et al., ) Cosl oads ooy, oy ialj8l
.2018; Kaab omeir et al., 2020
Sy B ool 55 la 55 4 azgs b
5 el (Oigr wile (ple polie Dl il
oaipdlal Sl Of g (b, Jolome jlews 50 i
A8 Sl g sl iy el a8l el ale
solie ol p3ge S g Col 00 6,8 Sl g abls
sl asls gals cow ol Bl Ol Jls o
ol Sl 3l oozl 5l asdllas )3 ool 0 iy,
@I (S paz s S s Suiglnsed slo S

‘_gmLo ui)ﬁr.f. g_)Lw.: M oﬁ)lf aS o ool L)L"“"

a
T
I

HH o

o Jotee

Resh Solution

sale o -l
Fish pond water

sl :)Lg' e | \_;—1
Modified pond water

50 6l e BB S jiiie B9, b sloygiw) (5984595 S olaws p calizo 13 b Jolxo 510 S
(355l 2o 0 b sl mlan
Figure 5-The effect of different nutrient solution on number of tomato leaf
(Columns with same letters have no significant differences at the 5% probability level).
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Figure 9- The main effect of the variety on the number of days until the formation of the fruit of
the first cluster of tomato (Columns with same letters have no significant differences at the 5%
probability level).
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Figure 10 - The main effect of the variety on the number of days until the formation of the
fruit of the third cluster of tomato (Columns with same letters have no significant differences at the
5% probability level).
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Figure 11 - The main effect of the type of nutrient solution on the number of days until the formation of

the fruit of the third cluster of tomato (Columns with same letters have no significant differences at the 5%
probability level).
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Figure 12 - The main effect of the variety on the total weight of the fruit of the second cluster
(Columns with same letters have no significant differences at the 5% probability level).
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Table 1- Comparison of the average effects of the main nutrient solution on the quantitative and
qualitative characteristics of the tomato of the first and second clusters
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Treatments Total fruit Fruit Fruit Fruit Total fruit Fruit Fruit Fruit
weight of  volume of length of diameter weightof diameter volume  length of
first cluster first first first second of of second
(2) cluster cluster cluster cluster second second cluster
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(cm) (cm?)
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*The means of each column with the same letters indicate no significant difference based on Duncan's multiple
range test (P< 0.05)
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Table 2- Comparing the average of main effects of nutrient solution on the quantitative and
qualitative characteristics of the tomato fruit of the third cluster
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*The means of each column with the same letters indicate no significant difference based on Duncan's multiple
range test (P< 0.05)
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Table 3- Comparing the average interaction effects of nutrient solution on yield of tomato

Ciho RiVy RiAZ4 R1AZs F\V4 FAZy FAZs MV, MAZ, M,AZs
Characteristic
(8)
S
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*The means of each row with the same letters indicate no significant difference based on Duncan's multiple
range test (P< 0.05). R;= Resh solution, F1= Fish pond water and M= Modified pond water
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