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Table 1- Nutrient solution formulation used for broccoli production in outdoor hydroponic system

s N P K Ca Mg S B Cu Fe Mn Mo  Zn
Element
Concentration 1537 70 144 170 61 82 07 008 5 2 005 025

(mg L)
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Table 2- ANOVA for vegetative parameters and yield components of broccoli in different substrate culture

oo e
S . Mean of Squares
o gl &3l as 4> d
Source of df
variation &g g5l 39 Juol aa yhad B ) . )
Plant Height ~ Head diameter kel "h_‘”’ ol &y ’_a_wl" A Sl
Head weight Dry matter  Auxiliary head No.
cusls dLh).}'.m_.v
Substrate 9 45.91m 4357.21™ 14693.40™ 2.24m 5.41m
S
20 20.60 1048.95 2168.07 2.46 8.03
Error
‘“"”Z\;""” - 13.12 21.95 33.75 13.67 50.92

TN 5 70 Jlain] dans 3 45 cize )b re BMiS| 32 g pac ) Sily iy 4 *F 4% NS
ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively

Cls o (51 pwt 45 (SS9 31 ol (Fire guolis uilyyly 45005 -F Jgua
Table 3- ANOVA for mineral elements of broccoli in different Substrate

Sake @ Slaryo (00ke
S’““ : ; 4 Mean of Square
ource 0 83 i A R o . — .
variation Df) Oior Ad el 358 e el o2l $9) e P
N P K S Mg Ca Fe Zn Cu Mn
il sl 9 34,70 11.78™ 7.75™ 12.23™ 3.55™ 0.03" 4070.67™  159.97™ 6.43"™ 701.59 ™
Substrate
ks 20 11.53 7.81 15.79 9.29 3.29 0.02 4347.96 26.31 5.23 312.27
Error
)M(J:UV e - 9.09 8.34 12.93 85.97 39.37 19.54 56.42 10.89 21.30 42.17

TN g 7 Jlass] gdaw j3 o e ¢yld dime WIS 393 pie ,Silo Lud i 4 ¥ 5 * NS
ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively
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Table 4- Vegetative parameters and yield component of broccoli in different media

ews)! .
CoilS el & 039 Jeol a2 ;-]ﬂﬁ ol A yig Swad aabe o b slass
il % Head diameter ~ Head weight Dry matter el
Substrates Height (mm)™ (@)" (%)™ Auxiliary head No."™
(cm)ns
C:;;;f;t 37.67°¢ 169.35 % 172.00% 13.842 3.332
oy . ,
Perlit 32.67° 11534° 83.72 ¢ 11.61° 5.33
erlite
dwlo
sand 36.33 2 13430 < 111.49 bed 11482 5.00°
an
sb)l jut 30.33° 107.63 87.62 ¢ 11.47¢ 6.00°
awaus
S;r:ldf:;—d:;u t 32672 130.05 bed 72644 11.26 2 8.002
Waus
San::\;e hﬁoﬁo t 39.67° 222.18° 296.082 11.20° 6.67°
rmicompos
CO:;;;;;Z ﬁite 27,672 104.42 74.64 ¢ 11.11° 5.00°
Cocli;;);::iéCA 37.67° 168.70 164.91 11.042 4,002
Co;;Z;;frice 33.00° 137.06 b 127.32 bed 10.80° 6.00°
NN 38.332 186.24 2 189.22 b 11.042 6.332

Cocopeat+Perlite+Vermicompost

2l g0 Sl (glasaly dix g0l o3kl b (P<O.01) o sme BMS! (gl gt s )3 S yidio g > b dlucl
Numbers followed by the same letter are not significantly differentns (P<0.01) based on Duncan’s multiple range test
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Table 5- Mineral elements of broccoli in different media culture

S el Ojare hed  pewly 358 ke padS o $9; o P
oD (G pnt
Substrates N P K S Mg Ca Fe Zn Cu Mn
(mg/g) (mg/g) (mg/g) (mglg) (mglg) (mg/g) (mg/kg) (mg/kg) (mg/kg) (mgrkg)
el 3450% 3393 30.90° 6.12° 7.34° 0769 9586% 47.90% 90572  39.12
Cocopeat
P:jﬁe 42108 34.702 30.20@ 242@ 418% 0.842 105982 48.54bd 113332 63.52
s::d 37.2338c 32472 29432 3313 4842 1.082 100.218 46.06%d 127632 37.81°2
ol st 41972 35.67% 31.232 2852 3.94@ 0.75% 118.29%  62.68% 10.737%  74.632
Sawdust
of SEred 35.90@c 31402 32.17@ 1452 429@ (Q.77°@ 84.33% 38.07¢ 9.9972 29.652
Sand+Sawdust
C‘“”‘&"‘”.’w‘ 32.97¢ 30.57@ 27.708 6.37@ 34228 0.742 157.04@ 41.84ck 90432 31.752
Sand+Vermicompost
C‘"J”%’s’s. 38.47%c 36332 3377% 4052 4.34@ 0.77° 87.992 53.32b 8.392 34.682
Cocopeat+Perlite
s 3300¢ 3163° 3117% 6.06° 5232 0792 20358° 4277%% 110827 34.13
Cocopeat+LECA
“’“"‘Lﬁ%ﬁ{ 4053%® 3530% 30.20@ 1.052 3.89% (0.722 98.242 50.32¢ 12,9827  44.89%
Cocopeat+Pumice
CuusgpaSio gt st sS oS
Cocopeat+Perlite 36.673%c 33072 30502 1.77% 4.61% 0.822 117.17@ 39.59¢% 11.12 28.942

+Vermicompost

2l es S (glasals win g0l oolizl b (P<0.05) o sime M3 (clyls (g, )3 S yidie gy b dlae]
Numbers followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test

3)50 ) (shelie (site (Kot LD (63500 9 yider AD) QLS
9 (igr pals (pivxed 9 b sl L g9y g piud gy pais
3 o)Ll iy o pglailen (5 Jgaz) del Cussy a9 L g9
P Hon ol Shed Cuond 13 (595 9 (i9sis pate 93 Ol
ol 2 3Sdes (e Jo (O Joia) 390 ity I st o)) SB- sy
0=l o Stsed 3 Ballgy l (¥ Joi2) 392 by Ly 5
o B 4 el s g osalitio LB (S 3)Sles 5 paie 9
E5-59 4 pmais 93 (ol byie o o)l Sy 3 Vlais] s
() oh)Sen 5 3 sanl .l oad 5,Sloe yialS Cago g dtwgy

olaleil ol 53 oy 3590 e Slio (Stuan ()

Nly A (g 9 b jlad g pli)] o dw & 4D et
FSop S da i @ly 3.(F Jor2) Byl wr b gyl e g e
9 I3 1y ;S0 5 )5 db g el i 2Uly AL
P GRS iy 9 S sS a Ygae So S Sladiy (wSe
Gy g o Joigie g (hte (Stuser 00 o 45 S
Ol el iy 5 jid (g )i (i sl maie dw
ol 53 8 s 113l e €8y 1 cle & Yiais] Lite (Stsen
Ol 252 0L )3 (5)eS miasliy 9 pid 39y 4 ale



WWAF (lwo oF o)lods VY ol (559l guluo g pole) Ll pole @ s Yoo

Gl b ybogd (y9lS ygo 4 g9y paie F Jgan) sl sy
Bgboo @ Sl Gygar & b g Clps Qo L1 98 e
Sl Pl g plepdy Sl cd s el g 0dg JoSo
55 0955 O gm0 dn aSLl L o 1S Mg oo Ui (g 9
P g Bl g9y L (BT (g 258 e ol )b
i Jsloxe 5 3:5ia i 45 ol 51 SIS o b s yiwes
Mos 93 ol o S35 W 2Bl o 3155 59, paic Iyt (L3

(V) w2303 &)

oLf&wu”))ﬂo&goLf)wc&dswumMﬁ
Coa yaud 03l 5l io cdale b g cdy glade o0 3l (S,
o &S Canl otz 55y () (o ol o YU 5 Slos
3B o8y sl ol (55 g daboly Sy dags @ Wl o0 0L
Llod Clos JSgp 5 sladiley adgs 5l g 00,8 dgame |y il
L 5 &b Cuow ol K 3L lise 4 (69, paie Cpicmen
235 pole plo Jos 5 o > M) cage
e g yhd oo Lo (g9) pmais (i Cute (Ko

wialo3l 3)90 o0 (9 oIS Olbo I (A g2 (o T Jgu
Table 6- Correlation between some important traits of broccoli in this experiment
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Plant Height Head Diameter Head Weight  Nitrogen Phosphorus  Potassium Zinc Manganese
43'93 8[.0))‘

Plant Height

. 0.707** 1
Head Diameter

2 0iy 0.733** 0.934** 1

Head Weight
097 -0.375% 577 -0.480%* 1

Nitrogen

s -0.380* -0.444** -0.307ns 0.573** 1
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Potassium
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Introduction: Broccoli is one of the valuable vegetables among brassicas which has received great attention
throughout the world and is cultivated both in soil and soilless culture. Currently, we face restriction in high
quality of the soils and water resources as two essential inputs in agriculture. Like other parts of the world, Iran
is losing hundred hectares of its arable and fertile land annually due to salinity, alkalinity and waterlogging. One
of the important strategies to overcome these adverse conditions is soilless culture systems. Among the different
methods of soilless culture, substrate culture is more common and cheaper than others. Different kinds of
organic and inorganic substances are used in soilless culture system, but the optimum mixture of growing
medium is still a challenging issue. Physical and chemical characteristics of growing media can potentially affect
the yield and product quality in direct and indirect ways. A good medium for soilless culture should have easy
drainage, appropriate aeration, high water holding capacity and low price, as well as no weed seeds and
pathogens. Therefore, this research was aimed to evaluate different prevalent growing media in broccoli soilless
culture system.

Materials and Methods: This experiment was conducted as an outdoor soilless culture system in outdoor
hydroponic site in Sari Agricultural Sciences and Natural Recourses University (SANRU). To begin with,
broccoli seeds were sown in transplanting tray, and after five weeks, the developed transplants were cultivated in
growing bags in a soilless system. In this work, different mixtures of culture media were evaluated for yield
component and mineral elements of broccoli. Ten kinds of different media comprising of cocopeat, perlite, sand,
sawdust, sand+sawdust, sand+vermicompost, cocopeat+perlite, cocopeat+LECA, cocopeat+ pumice, and
cocopeat+perlite+ vermicompost were compared in completely randomized design with tree replications. At the
end of the growing season, vegetative growth and yield components of broccoli were measured. The macro
nutrients including nitrogen (N), phosphorus (P), potassium (k), magnesium (Mg), calcium (Ca) and sulfur (S)
were then analyzed in the harvested broccoli. Four important micro elements such as Iron (Fe), cooper (Cu),
boron (B) and zinc (Zn) were measured as well. A statistical analysis was performed using analysis of variance
in Statistical Analysis System (SAS) software (version 9.1) and means were compared using Duncan’s multiple
range test at 0.05 and 0.01 probability levels.

Results and Discussion: According to the results, culture medium showed no significant effect on plant
height, dry matter and the number of auxiliary heads, while it significantly affected diameter and weight of main
head (p<0.01). The highest head diameter was seen in sand+vermicompost mixture which had no significant
difference from cocopeat, cocopeat+LECA, and prlite+cocopeat+vemicompost. The mixture of
sand+vermicompost resulted in the heaviest broccoli heads that were significantly greater than all other growing
media used in the experiment. Since vermicompost contains some mineral elements like calcium, magnesium
and phosphorus and some growth stimulators as well, mixing this substrate with sand can create an appropriate
and ideal culture for root growth and development. Pure perlite and sawdust media contributed to the lowest
yield with no significant differences from each other. The macro and micro nutrients of broccoli head were not
significantly affected by growing medium, except for nitrogen and zinc. The highest concentration of nitrogen in
broccoli head was recorded for pure perlite and sawdust which was significantly more than other media. The
highest zinc concentration in broccoli head was observed in Sawdust medium (p<0.05). A significant negative
correlation was observed between plant height and three main macro nutrients (N, P and K). The negative
correlation between some macro nutrients and plant growth can be related to the excessive amount of these
elements in nutrient solution. Positive and significant correlation was also seen among plant height, head
diameter and head weight. In other word, the tallest plants could produce bigger and heavier head.
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Conclusion: Based on the obtained results, it can be concluded that a mixture of organic and inorganic
substances can be better than a single substance medium. On the other hand, our results showed that role of
medium substances and composition is not as important as nutrient solution, so an appropriate nutrient solution
with a proper rate can potentially provide all plant's needs regardless of media composition.
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