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Abstract

Introduction: Basil (Ocimum basilicum) is an annual plant of Lamiaceae family and native to tropical regions. The
plant is the most commonly used fresh in recipes. Many diverse activities such as antifungal, antibacterial, anticancer,
antioxidant, antidiabetic, antiinflammatory, antiarthritis and anti-stress have also been observed in O. basilicum
(Shahrajabian et al., 2020). Nutrient deficiencies in soil culture crops and impossibility of appropriate managements
are the important reasons for low crop productivity in farm. Micronutrients (e.g. iron, boron, manganese, zinc and
copper) are required in very small amounts b% the plant, but play an iprominent role in plant growth and development
(Nayak et al., 2020). In hydroponic system, the yield and quality of horticultural plants can be significantly improved
compared to conventional soil culture (Putra and Yuliando,2015). Development of new agricultural systems for
horticultural crop cultivation is necessary. The present study was conducted to compare the growth, biomass and
morpho-physmloglcal characteristics of Iranian purple basil in farm and greenhouse cultivation (soil and hydroponics
cultivaion). In addition, the effect of foliar application of five micronutrients on the plant was investigated.

Material and methods: In this research, three cultivation systemes (conventional soil culture in farm, soil pot culture
in greenhouse and hydroponics cultivaion) was compared. The experiment was done in the research farm and
greenhouse of the Faculty of Agriculture and Natural Resources of Lorestan University in 2019. In all cultivation
systems, a randomized complete block desi?n with three replications was performed. Foliar application of
micronutrients was applied in six levels (control, foliar application of iron, zinc, copper, manganese and boron). lron
sulfate, zinc sulfate, copper sulfate, manganese sulfate, and boric acid were used as micronutrient sources. In studied
cultivation systems, micronutrients were sprayed three times (eraly vegegative stage, late vegegative stage and early
flowering stage).

Results and discussion: Resuls showed that plants grown in the field had higher crown diameter, number of nodes,
number of leaves, stem dry weight, number of lateral branches and carotenoid content. However, cultivation in
hydroponic system led to growing plants with higher plant height, internode length, plant fresh weigiht, plantdry weight,
leaf area, ch oroptgjyll content, stomatal conductivit?/ and photosynthesis rate. Generally, basil plants had shown the
highest growth and yield in hydroponic system, followed by greenhouse soil culture. In comparison between foliar
application of nutrients, the results showed that the application of zinc resulted in obtaining the highest leaf dry weight,
but there was no significant difference with the treatment by application of copper, iron and boron. However, foliar
application of nutrients led to different results in each cultivation system. In field cultivation, maximum of plant height,
internode length, crown diameter, number of lateral branches, leaf area and stem dry weight were observed in iron
spraying. In greenhouse soil cultivation, the highest plant height and internode length were obtained using boron and
iron application. In hydroponic sYstem, the highest plant height and internode length was obtained by application of
boron. In field cultivation and soil cultivation in greenhouse, the highest photosynthesis rate and stomatal conductivity
was observed in iron spraying treatment. In hydroponic culture, however, the photosynthesis rate and stomatal
conductivity was higher in copper and iron foliar application in compare to other nutrients.

Conclusions: In the present study, basil plants grew up in the fields not only showed lower growth and yield, but also
had rough leaves that lower their edible quality as vegetable. While, leaf to stem ratio and freshness of leaf tissue was
the highest in the hydroponic system. The response of plants to the micronutrients application was different in each
cultivation system. Application of zinc in all three cultivation systems resulted in the hi%hest leaf dry weight. In the
field cultivation, the best results were obtained by foliar application of iron. In soil greenhouse cultivation, the use of
iron and boron had more positive effects on plants.
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Table 1- Some physical and chemical properties of farm and greenhouse soil

Organic

Soil P Kava N Fe Na carbon Organic EC pH  texture
(ppm)  (ppm) - (ppm)  (ppm) (ppm) (%) matter (%)  (dS/m)
Sandy
Farm 124 331 0.15 5.18 78.2 583.8 1.04 1.748 251 7.13 loamy
clay
Sandy
Greenhous  14.76 362 0.24 5.44 66.8 603.6 14 2.8 2.02 6.9 loamy
clay
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Table 2- Analysis of variance of morphological and biomass traits of basil
Number Number Number  Plant Stem leaf
Souec of Plant Intermenod Crown Leaf
variation Df height of length of sub- diameter  area of frgsh d_ry d_ry
nodes branches leaves  weight weight  weight
A 2 1723.6™  53.407 8.8™ 183.16™ 24.53™ 161.3™ 55626™  10009™  105.8" 96.63™
Main error 6 3.57 1.18 0.12 35 0.13 0.59 22212 500.3 3.84 2.84
B 5 102.0™ 8.77" 1.44™ 31.67" 0.61" 8.73" 11165™ 704.3™ 42,99 42.15™
A*B 10  21.63" 1.54Ns 0.43™ 9.87" 0.63™ 1.00 6251.4™  421.4™ 6.63" 5.23™
Second error 30 3.13 0.91 0.11 1.34 0.16 0.45 13271 423.3 2.94 2.71

b glme B esS A ais o sxe ,uL pas 50,00 5 ) mhaw ;o (5,10 S oy (lid o a4y NS ek e
** * ns: show significant differences at 1% and 5% levels and no significant difference, respectively; A: cultivation system,
B: foliar application
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Table 3- Mean comparison of the effect of cultivation system on morphological and biomass traits of basil

Cultivation system  Number of nodes Number of leaves  Plant fresh weight (gr)  Leaf dry weight (gr)
Farm 12.5° 430.28° 50.66° 7.69¢
Soil greenhouse 10.83° 153.89° 72.03° 9.18°
Hydroponic 9.05° 103.89° 97.75° 12.23%
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*Means with similar letters in each column, based on duncan test at 0.05% probability level, are not significantly different.

G35 eibdsloe w0 by e 55 S S 055 5L
5,08 Sl Lol pme Ol oS s (rjf YV/Y0)
O U8 el s w0 el s

Gy pols (2L s S Sils dslis s

s e b gl 55 6 sl 1 YL S sls Ol
S s OVEE s VWV AVW L s 5 ) el
L s s sdalie Sbd e oo Sl 3 68 slias

LG b Ot e bl s

14 -
12 A
10 A

Number of nodes

o N B OO ©
1

control

Fe Br
Foliar application

[N
o
1

Leaf dry weight
(2]

Fe Br  Control

Foliar application

w5 (B)o 5 slans 5 (A) S St 055 » (Alhdglons 1 Kl anglio -V I3
Fig 1- Mean comparison of the effect of foliar application on leaf dry weight (A) and the number of nodes (B) of basil
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Table 4- Comparison of the mean interaction effect of cultivation system and foliar application on morphological and
biomass traits of basil

Cultivation foliar hl?:ianhtt Internode Number of dgr?w\gtgr Leaf area Stem dry
system application (cm) ength (cm sub-branches (mm) cm weight (gr
licati 9 length b-branch 2 igh

Cu 37.841 3.53¢ 18.32° 8.0% 9.349 14.542

Zn 37.44‘_ 4.71% 17.66° 7.93% 9.399 13.622

Farm Mn 40,08 4,51¢ 18.0° 8.10% 8.939 13.86°
Fe 41.879" 4,930de 21.662 8.30? 9.569 14.562

Br 39.50M 4.07% 18.32° 7.46° 8.909 14.372

Control 31.079 3.679 10.09" 6.73° 5.87" 8.86%

Cu 44.46' 5.622 15.0¢ 6.60° 12.080%f 12.10%

. Zn 44,501 5.30bcd 15.33¢ 6.73¢ 13.31° 14.062

Sail Mn 47.0¢f 5.49abc 15.66°¢ 5.73¢ 13.84%¢ 7.87
greenhouse Fe 50.33¢ 5.71% 14.66% 5.46¢ 12.85¢%e 12.05%
Br 54.66 5.66% 15.33¢ 5.60¢ 11.89¢f 9.78¢

Control 45.0f 4.33¢f 13.0% 5.86¢ 11.31f 4.25°

Cu 60.45% 5.61% 10.33f9" 5.36¢ 14.53% 8.76%

Zn 58.05% 5.723 10.66" 5.63¢ 14.72%® 9.81b¢

) Mn 58.81%® 5.32bcd 12.33¢f 5.53¢ 15.332 8.53
Hydroponic Fe 57.63° 5.66% 11.66°f 5.43¢ 14.51%® 9.37h
Br 60.922 6.03? 11.66¢f 5.66¢ 15.132 8.47¢

Control 48.38¢% 4.80¢% 9.33" 5.63¢ 13.10% 6.48%

235,105 doy0 O Jlei o 10 (55l5 gire IS SSls g05T ol g 2 40 aslie Bgym (slls (gl Siloost
*Means with similar letters in each column, based on duncan test at 0.05% probability level, are not significantly different.
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Table 5- Analysis of variance of basil physiological traits

Souec of Intracellular  Photosynthesis Stomata Chlorophyll  Chlorophyll Total

variation Df CO2 rate transpiration conductivity a b chlorophyll Carotenoid
A 2 57731" 3.50™ 3836~ 0.100™ 0.72" 17.30" 1.08™ 14.92
';’:f(')rr‘ 6 512.6 8.25 1.09 0.0031 0.76 22.34 354 9.55
B 5 31227 158.39™ 464" 0.062" 1.00* 26.93" 2.40° 1461
A*B 10  18815" 31.40" 2.20" 0.025™ 091" 27.45° 212" 1471
Szfr%';d 30 1093.01 10.93 0.69 0.003 0.28 9.73 0.83 5.30

b Jslre B ot wianw A aites o gime 13l pae 500,00 5 ) mhaw 0 (6 lo e soind (Li o jay NS i e
** * ns: show significant differences at 1% and 5% levels and no significant difference, respectively; A: cultivation system,

B: foliar application
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Table 6- Comparison of the mean interaction effect of cultivation system and foliar application on physiological

traits of basil

. Total .
o _ Intracellular Photosynthesis o Stomata Chlorophyll  Chlorophyll chiorophyl Carotenoid
Cultivation Foliar rate Transpiration L a b (mgl/g
—_— CO2 2 conductivity (malg
system application (nmol (mmol/m?/s) 2 (mg/g fresh  (mg/g fresh fresh
(umol/mol) COIM?2 (mmol/m?/s) - : fresh .
2/m?/s) weight) weight) - weight)
weight)
Cu 520.33cde 12.20de 4.90def 0.22gh 10.18abcd 3.24abcd 13.42%¢ 3.57abc
Zn 560abcd 14.70cde 2.90g 0.30efg 7.71bcde 2.95abcd 10.67%¢ 3abede
Farm Mn 553bcd 12.05de 4fg 0.24fg 9.26abcde 3.34abcd 12.60%¢ 3.28abede
Fe 479.33ef 15.50abcd 3.70fg 0.31efg 10.79abcd 3.68abhcd 14.75%® 3.91°
Br 570.33abc 9.06ef 5cdef 0.21gh 9.99abcd 3.96abcd 13.68%¢ 3.5130cd
Control 615.50a 6f 2.90g 0.12gh 5.09e 2.02d 7.63° 2.31%
Cu 465¢fg 18.95abc 6.70ab 0.38 6.75cde 2.80bcd 9.55% 2.723%bcde
Zn 560.75abcd 15.70bcd 7.40ab 0.33def 11.47abc 5.11a 16.58%® 3.65%¢
Soil Mn 588ab 14.13cde 6.50abcd 0.33def 7.59bcde 2.63cd 10.232¢ 2.66%
greenhouse Fe 356.33jk 19.53abc 4.75¢f 0.42bcd 7.99abcde 3.92abcd 11.90%¢ 2.743bcde
Br 558.5abcd 17abcd 7.90a 0.33def 11.14abc 2.96ab 16.10%® 3.2
Control 605ab 11.7def 4.40fg 0.30efg 7.73abcd 3.38abcd 11.12%¢ 2.690c
Cu 306k 23a 6.35 cadbe 0.6a 9.91 abcd 3.15abc 13.05%¢ 3,233bcde
zn 418.5ghi 19.45abc 6.75ab 0.49b 10.52abcd 4.05abc 14.58%° 3.45%
Mn 383hij 21.75ab 7.25ab 0.49b 12.66a 4.43abc 17.09° 3.69%°
Hydroponic Fe 367.5ij 22.85a 6.60abc 0.5b 11.55abc 4.02abcd 15.57%® 3.84%¢
Br 428fgh 17.75abcd 6.35abcde 0.47bc 11.94ab 4.14abcd 16.08%® 3.88%®
Control 503.67de 14.25cde 6.05bcd 0.44c 5.73de 2.54cd 7.76° 2.10¢

235,105 2o y0 O Jlei alans 10 (55l5 gire IS (SSls g05T elsl s g 2 40 aslie Bgym shls (sl Siloost

*Means with similar letters in each column, based on duncan test at 0.05% probability level, are not significantly different.
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