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Article Info ABSTRACT
Article type: Background and Objectives: Nutrient balance at the right time is essential
Full Length Research Paper  for commercial fruit production, yield improvement and fruit quality, thus
foliar application at key stages can have a positive effect on the
Article history: quantitative and qu_alitative t_raits of perennial.crops. Among essential
Received: 11.16.2019 element_s th_at_are involved in the plant physmlogy, due to_hormone
Revised: 02.09.2020 synthesis Wlthm_a plant, bo_th boron (B) and_ zinc (Z_n) play an |mportant
Accepted: 03.13.2020 role. So according to the importance of micronutrients on horticultural
yield improving and environmental protection, this investigation was
conducted to evaluate the effect of foliar application of zinc and boron and

Keywords: combination of them on growth and yield of strawberry cultivar ‘Aromas’
Boric acid, in hydroponic system.

Fruitification period,

Leaf area,

Materials and Methods: The experiment was conducted as a factorial
experiment based on a randomized complete block design (RCB) with nine
replications at the research greenhouse of Sari Agricultural Sciences and
Natural Resources University in 2016 and 2017. Treatments were zinc
sulfate (0, 100 and 200 mg I™*) and boric acid (0, 500 and 1000 mg I™).
Foliar application of the treatments was carried out in three stages. The first
stage was carried out a week before the flowering and in the next steps, the
treatments were sprayed on plants at intervals of two weeks. In this
research, the effect of zinc and boron on the yield, root length, root
diameter, chlorophyll index, crown diameter, total chlorophyll, chlorophyll
a/b, specific leaf area, specific leaf weight, petiole diameter, leaf width,
leaf length, leaf area, flowering time, flowering period, peduncle length,
flower diameter, flower number, fruitification time, fruitification period,
fruit number, percentage of fruit set, percentage of marketable fruits,
percentage of non-marketable fruits, fruit length to diameter ratio (L/D),
fruit dry weight, fruit volume and percentage of fruit dry matter were
investigated.

Zinc sulfate

Results: Results showed that the application of 200 mg I™* zinc sulfate
plus 500 mg I boric acid significantly increased the crown diameter.
Application of zinc and boron sources significantly increased the
chlorophyll concentration and index of ‘Aromas’ strawberry compared to
the control treatment. The highest increases in leaf area (115.28 cm?) were
monitored in response to 100 mg 1™ zinc sulfate treatment. The application
of zinc sulfate and boric acid significantly increased the number of flower,
flowering period and number of fruit. However, by increasing the
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concentration of boric acid (from 500 to 1000 mg | ™) significantly reduced
the number of fruit. Generally, application of 200 mg I zinc sulfate plus
500 mg I™* boric acid to achieve increased fruitification period (91.32 day)
and yield (210.4 g) of ‘Aromas’ strawberry fruit is suggested.

Conclusion: In general, it can be concluded that foliar application of zinc
and boron and combination of both them in most of the measured
reproductive and vegetative factors, improved the parameters
studied.Therefore, in order to achieve high yield and improve the growth
traits of strawberry cultivar ‘Aromas’ in hydroponic system, the results of
this research can be applied.
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Table 1. Effect of zinc sulfate and boric acid on chlorophyll concentration and index of ‘Aromas’ strawberry
in hydroponic culture.

besless
Treatments a Ly s b s s U5 iy s alb s s Jes s Lasls
Sy g &yl Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll a/b Chlorophyll index
Zinc sulfate  Boric acid (mg/g FW) (mglg FW) (mg/g FW) ratio (spad)
(mgL?)  (mgL?)
0 173°¢ 0.75¢ 2481 2.09¢ 31.8f
0 500 213° 1.02° 3.16% 2.36° 47.2"°
1000 171°¢ 0.71° 242° 2.08¢ 31.03°
0 2132 1.01%® 3.14% 2.29° 51.43°
100 500 2.12° 1 3.13%® 2.39° 49.7°
1000 1.88° 0.90°¢ 2.78° 211° 38.53 ¢
0 211° 0.99° 310 212" 4353°¢
200 500 2.11° 1e® 3 212" 4533 ™
1000 1.72°¢ 0.73° 2.44 % 2.11° 35.77°¢

O3 e M| 5l Oga3l oolel o (P<e/00) s s = Jlez=| Cls.w): S i (G ) Gy gl sl Kle 052 2 o
Al e sl K uSS L

In each column, the mean values that are followed by the same letter(s) are not significantly different (P<0.05)
based on LSD test.

o 0s (Y Jadr) el ey 65, 5 ol sl S 308 18 posny 055 9 S p ek
0315 S peis 05y ceslinul 5540 slas S 5l eslaxa » S, C]g,d Sl oae Pal38l e (S5 5 s
sls il il gols pme sba Aals s boauslis WONYA) S o o 5VL (Y Jsd) 5 S olS

(Y Jsa) A e S Ve 58 Jlis 4 (e e Sl

S sk SS 3 eyl o, (KPS S s pad g S el 5 55,0 W g SIS Jsir
Table 2. Effect of zinc sulfate and boric acid on leaf properties of ‘Aromas’ strawberry in hydroponic culture.

bl
Treatments S e S ens 03
Leaf area Specific leaf weight

-l S |

S 20 g1k (CmZ) (g /sz)
Zinc sulfate (mg L™) Boric acid (mg L™)

0 90.07 ¢ 0.0047 ¢
0 500 113.76 ® 0.0066 *
1000 89.39 ¢ 0.0046 ¢
0 115.28* 0.0067 *
100 500 114.41% 0.0067 *
1000 105.04 © 0.0054 ¢
0 111.77° 0.0064 °
200 500 112.89 ® 0.0066 ®
1000 103.63 ¢ 0.0053 ¢

Ol ime Ml Blas & ga5T lal o o(P<4/00) s gl e 3 oS e (Gg ) G gl (SlanSols st 2 3
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In each column, the mean values that are followed by the same letter(s) are not significantly different (P<0.05)
based on LSD test.
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Table 3. Effect of zinc sulfate and boric acid on flower characteristics of ‘Aromas’ strawberry in hydroponic culture.

EEY
Treatments A e 0ks A ey sk J5 sl 55 s
] Flowering time Flowering period ~ Number of flowers  Flower diameter
Sy g S ] (day) (day) (N/plant) (mm)
Zinc sulfate (mg L)  Boric acid (mg L™)
0 87.18%° 90.66 © 13.29¢ 18.31¢
0 500 64.13 ¢ 115.97 17.032 24.92®
1000 84.922 94.19°° 13.22¢ 19.34¢
0 68.12 ¢ 110.18° 16.06 ** 24.73®
100 500 67.48 ® 111.78° 16.12 ¢ 24.78®
1000 76.4° 101.27¢ 14.87°¢ 22.45°¢
0 64.44 ¢ 116.82°2 16.2% 25.02 %®
200 500 66.26 * 117.17°2 17.19° 25112
1000 71.82°¢ 105.83 14.93 % 23.34 %

Ol e M| Bl Osasl bl 5 d(P<e/00) Ay o Jlez| c]a..ﬂ 35 oSz (Gs ) Gy bl G SKls O 2 3

Al s e sl KK L

In each column, the mean values that are followed by the same letter(s) are not significantly different (P<0.05)

based on LSD test.
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Table 4. Effect of zinc sulfate and boric acid on fruitification characteristics of ‘Aromas’ strawberry in
hydroponic culture.

[C310% ..
Treatment gars Ok o35 dsb | Slao s e
reatments e gen Sl P o3k e lre 5e
° o o oS 51
e hres Number Frui S Non-marketable
S5yl por S g Fruitification  Fruitification  of fruit TUILSet  Narketable fruits
%
Zinc sulfate Boric acid time period (N/plant) 0) fruits (%)
(mg |_'1) (mg |_'1) (day) (day) (%)
0 122.02°¢ 65.49 ' 10.15°¢ 76.37°¢ 61.62f 38.38°
0 500 105.08 ¢ 81.88°¢ 14.312 84.07°¢ 87.04® 12.96°
1000 120.48 ® 67.22f 10.43°¢ 78.28 ¢ 62.73f 37.27%®
0 113.27 % 84.12 ™ 14.41% 89.78° 81.26 ¢ 18.74¢
100 500 111.63¢ 83.09 14.33° 88.95° 84.27 "™ 15.73 %
1000 117.15"% 72.26 ¢ 12.11° 81.49¢ 66.09 ° 33.91%
0 106.21°¢ 85.93° 14.622 90.24 ® 84.3%¢ 15.67 %
200 500 102.86 ¢ 91.32° 15.87° 92.372 87.452 12.55¢
1000 116.17 ¢ 75.99 ¢ 12.33° 82.65 ™ 69.48 ¢ 30.52°¢

Ol e M| 3l O3l oolel S d(P<a/00) ds s = Jlez| CEM 23S i (G ) G gl la Sl gz o o

..L._)LL? )\:L;'du Q)LLT f<.JS{ Lv

In each column, the mean values that are followed by the same letter(s) are not significantly different (P<0.05)

based on LSD test.
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Table 5. Effect of zinc sulfate and boric acid on some features of ‘Aromas’ strawberry in hydroponic culture.

bl
Treatments (LID) o oo 55 & Jsb o0 S 035 > Shes
Sy s S gkl Length/fruit diameter ratio Fruit da/)weight F(;lj/irt)li:]etl)d
Zinc sulfate (mg L) Boric acid (mg L™?)
0 0.76 ¢ 0.93¢ 92.31°
0 500 1.36%® 1.72%® 188.18°
1000 08° 0.95¢ 94.09 ¢
0 1.21°¢ 1.59° 188.98
100 500 1.28™ 1.63%® 188.6°
1000 0.94¢ 1.13°¢ 111.7¢
0 1.25°¢ 1.67%® 191.47°
200 500 1.45° 1.77° 210.4°
1000 0.96¢ 1.16° 114.26 ¢

Ol ime Ml Blas & ga5T ulal o o(P<4/00) dos gy Jleaml mhav 53 (S 2o (SBy ) G lols slapeSile 052w a5

..L._)LL? )\:L;'du Q)LLT f<.JS{ Lv

In each column, the mean values that are followed by the same letter(s) are not significantly different (P<0.05)

based on LSD test.
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Table 6. Effect of zinc sulfate and boric acid on fruit volume and fruit dry matter of ‘Aromas’ strawberry in
hydroponic culture.

LAJL:.:S o gx0 (2> ° 50 S osle
Treatments Fruit volume (cm?®) Fruit dry matter (%)
0 14.92° -
ol
= 100 17.89° -
Zinc sulfate (mg L)
200 18.66* -
0 16.96 " 11.42°
S gkens
s 500 19.8° 13.06°
Boric acid (mg L?)
1000 14.7° 10.19°

O3 e M| Bl Oga3l ool 5 (P</00) M))@JLA;}‘CE‘A)Q (S i (G ) Gy gl b Sle Ot 2 o

A s e sl S L

In each column, the mean values that are followed by the same letter(s) are not significantly different (P<0.05)

based on LSD test.
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Table 7. Correlation between the measured parameters.

8 sl o g0 3laS
Flower number

Sk slae sue >4,§.L».p

Fruit number Marketable fruits Yield

Gyl b &5 s ls
Crown diameter ~ Total chlorophyll
Gy ks .
Crown diameter
e 0.85%* 1
Total chlorophyll
JS sl 0.82%* 0.82%*
Flower number
e 2l 0.82%* 0.83*%
Fruit number
450 Lao
BIJ% GTRese 0.87%* 0.91%*
Marketable fruits
>k 0.89%* 0.94%*

Yield

1
0.77** 1
0.85** 0.87** 1
0.85** 0.9** 0.97** 1

"“""Jé‘iijG“:ﬁJL"}'C}E‘“’)ALSJ‘J&‘}LS)‘JWﬁ}“M}Ou‘TﬂJ;Q%E&J ¢

# ns

™, *and ** Indicate non-significance and significance at 5 and 1% probability levels, respectively.
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