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Improving Morphophysiological and Biochemical Characterizes of Tomato
with Nickel Fertilization and Foliar Application of Seaweed Extract
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Abstract

Tomato (Solanum lycopersicum L.) cultivation is highly influenced by various environmental,
physiological and agronomic factors, including soil fertility, water availability and chemical
applications. In recent years, sustainable and environmentally friendly alternatives have been proposed
to improve agricultural productivity and crop quality. One of these alternatives is the use of seaweed
extract and micronutrients such as nickel as a bio-stimulant. Therefore, in this study, the effect of foliar
application of seaweed extract (four levels: 1, 1.5, 2 mL L-1 and control) with nickel fertilizer (four
levels: 0.156, 0.234, 0. 312 mg L-1 and control) on tomato, which is one of the most important, and
economical crops in the greenhouse industry, was investigated. The results of the analysis of variance
of the data showed that foliar spraying of seaweed extract, and nickel irrigation fertilizer had a significant
effect on all growth, and yield traits, biochemical, antioxidant, fruit pigments and fruit nutrients. The
results of the data comparison showed that foliar spraying with seaweed extract and nickel irrigation
fertilizer increased the growth, and yield characteristics of tomatoes (aerial part weight, fruit weight and
yield traits). The highest number of biochemical traits such as total phenols (58.46 mg g-1 DW), total
flavonoids (41.71 mg g-1 DW), anthocyanins (75.08 pg g-1 DW), and antioxidant activities (82.50%)
were observed in nickel treatment at 0.312 mg L-1 and seaweed extract at this amount of 2 mL L-1. The
amount of carotenoid pigments such as lycopene (16.72 mg g-1 FW), and beta-carotene (5.81 mg g-1
FW) increased in the treatments with higher concentrations of seaweed extract and nickel. Also, with
increasing amounts of seaweed extract and nickel, the amount of nitrogen, phosphorus, potassium,
calcium, and magnesium increased. Therefore, the use of bio stimulants can be a way to improve the
guantity and quality of tomatoes, protect the environment and increase security by reducing the use of
chemical fertilizers.
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prepared for tomato plant nutrition

Nutrie Fertilizer sources
Element nt
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mg/L

C&(NOs)z. NH4.H,O
N 200 NH4HPO4
(NH4)2S04
P 50 NH4HPO4
K 360 K2SO04
Ca 185 Ca(N03)2.NH4.H2
0]

Mg 44 MgSO4
Fe 2.1 Fe-EDDHA
Zn 0.12 ZnS0,
Mn 0.6 MnSQ,
B 0.39 HsBOs
Mo 0.018 Na;MoO,
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Table 2 . Analysis of variance for effect of different levels of seaweed extract and nickel fertilizer on growth and
yield characteristics

Mean square

S.0.V df Fruit Fruit Fruit Aerial part Aerial part Root Root
diameter length weight FW DW FW DW
Nickel (N) 3 1.60**  0.52** 806.40 ** 5148.50 ** 47455 **  319.26 **  245.36 **
Seaweed E (SE) 3 39* 0.60**  3367.41**  1539.97 ** 247.37 ** 116.36 **  87.33**
NxSE 9 234* 0.85**  1708.37 ** 194.03 ** 2443 ** 10.44 ** 5.43 **
Error 31 0.03 0.02 14.07 4.45 3.47 0.23 0.21
CV (%) 3.35 4.32 5.04 0.63 1.43 0.40 0.90

=*Significant at 1% probability level
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Table 3. Effect of different levels of seaweed extract and nickel fertilizer on growth and yield characteristics

Treatments Fruit Fruit Fruit Aerial part  Aerial part Root oot

diameter(cm) length (cm)  weight (g) FW (9) DW (g) FW (g) DW ()

N1 3.55¢ 3.10¢g 38.631i 24243 80.43j 109.50 k 44.50 k

SE N2 4.40f 3.26fg 51.32 gh 277.80 ¢ 115.80¢g 114.72 h 49.72 h
Lcuh N3 4.84 de 356ef  69.88de  292.36e  130.36e  114.30hi  49.29hi
Na 4.13f 3.35f1g 43.33 hi 299.71cd  137.71cd 121.75d 56.74 d

N1 5.00d 3.80 de 51.32 gh 260.90 i 98.89 i 112.10 4710

SE, N2 4.86 de 3.46 e-g 55.28 g 285.76 f 123.76 f 116.35¢ 51.35¢9
N3 4.86 de 4.00 cd 65.91 ef 292.99e 130.99 e 11542 gh  50.42 gh

Na 4.53 ef 3.46 e-g 57.54 fg 301.80 ¢ 139.80 ¢ 123.80 ¢ 58.80 ¢

N1 ctry 5.13d 4.10 b-d 53.63¢ 271.63h 109.63 h 113.351i 48.351i

SE N2 6.40 ab 4.33a-c 97.69¢ 292.02¢ 130.02 e 116.55g 51.55¢
3 N3 6.00 bc 4.46 ab 91.14c 298.19 cd 136.19 ¢ 120.47 e 55.46 e
Na 4.46 ef 3.80de 77.22d 321.27b 159.27 b 127.53 a 62.53a

N1 iy 5.93c¢ 4.13 b-d 108.77 a 282.32 f 120.32 f 116.55g 51.58 g

SE, N2 6.50 a 4.50 ab 99.22bc  296.10de  134.10de 118.20 f 53.20f
N3 6.16 a-c 4.60 a 107.75ab  298.18cd  136.18 cd 126.37 Db 61.37 b

Ny 6.56 a 4.60 a 110.70 a 341.40 a 179.40a 128.42 a 63.42a

N: Nickel, A; SE: Seaweed extract. SE1, SE2, SE3, SE4 shows 0, 1, 1.5 and 2 mL L, respectively. N1, N2, N3, N4 shows 0, 0.156, 0.234 and

0.312 mg L%, respectively.

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Table 4 . Analysis of variance for effect of different levels of seaweed extract and nickel fertilizer on fruit

pigments
Mean square

50V df Carotenoids Lycopene B-Carotene
Nickel (N) 3 1.93 ** 223.48 ** 0.73 **
Seaweed E(SE) 3 0.75 ** 64.70 ** 2.22 **
N*SE 9 0.56 ** 57.08 ** 2.77 **
Eror 31 0.14 0.80 0.93
CV (%) 29 9.26 4.22

**Sjgnificant at 1% probability level
(55 0539 055 32 055 skeo YINY) 035359 )15 liae oy i
Gl 5 G ois e » e S VAVY) (S
3 e Yl 50 (5 03s a5 » S ke BIAY)
555 yd o afkee VY 5 ol Sl ojlac i)
(O Jgaz) o svmlie IS5 5,k

t0

5 by Selz ojlas Lok Jsloe I ST S0k anlie
oles 45 ol (i wBgig IS (e S5 (5kal 095
L aS gyobas wsjls wals b (gylo g DS o jles
Ol 5o Bl gy S dejles cdale ol



VEF bl oY o)les Y al>

S 60,8 Slagss

(GGPP) wlaws g0 Jil,5 Jsl,5 (Zodape et al, 2011)
olind 6o Jignl 5l g ol laadeis)l5 sl iy
el Sl ojlas lalos w55 o L2 (IPP)
Fege a1y o 9 WS e CusE |, GGPP i
S wile by Gl ple e 4 08558
ail sals ylid Sldllas puzmen 0S5 oo Colan 84,15
ol Sl olas wile iy oS e oS
s 3 1y o 3l eatiS oS gla o5 ple wsly
e pRlE 4 e &5 S oeaS aSgingl
Sl ojlac (Ali et al, 2016) 598 oo basgus S
dopriS g sl olaggeygasid gol> (2b)o
S alogygo s e 5 aiman 5 o e 5 logyon]
Lnsms9955e (ol ol oy fmsionl 5 (ol alar
Wl Sglg)lS Fhegn A 50 (oege B
a3 1y Candlg,lS dnss 5 (Johos o B S s
o0 39,8 adg b b alEl 4 e &5 0SS (o
P g Eok ogme 0d) n ST (pizmen 1090
SIS oo 53l laadeg 5 abex 5l ansill slo cudglie
Sz o )las Sge e SIS S o .(Khan et al., 2009)
@) i gle QLS & WS (oo et (D)0
059 4 daadey S e sliagl slacidgbio s

MQ@&L@Q‘ 090 um)sw) J.>|),c

(o5 9 G )Ly ohsd Ladels,lS ( 5,84z 5 5o
Q10 ogae (2138 35l g Sy pead j0 g0l B
255 5 2byd el ojlae abslme b o)y
PS 8, (K 9az 55 (sloassiis)l5 lie » USG5 o)L
ST S8 olS (nl 9 )Shes g CedS g 4 Wil o
aS ols gl (Khan et al, 2020) lawg  (slaslllae
I 4 e ol Sl olas U 3k Jsbee
O el (84255 slaadeli S slime ol
5 P Slapge)en Sezy Jodo 4 Cul (S ol
S5 4 4wl Sl o lac 48 Syzge oliE jolic
S Olgedy s S80S o0 SIS aadels IS
s busgis )l i » ite b dien,
Gl e S5 b ] 45 408,5 aie o
GRIBL Gl s S (ShaxsS 5o adels 5 lye
ol g Slsbe glaanT osuy ) U Wil
ez §l doogsnislS il s slo i 4 Ceoglie
R Rt S RN PR TS
ol @l Selr ojlas Wigh oo s (en S L)
@by Sl ojlas ams (oo J1F U S ) s
W95 SFmset e 55 Sl sl ml colld
M i 035 5 s it i iy e
Jdo a4 el e (g3l Jbd cpl om0 iulial
w5 (35 Slge (39 (s )3 IBIL (S9e,90 5]

oga0 b WISy 1 U 55ll095 3 (2l pd Sl o jlas Ciliso ol 5T .0 Jou
Table 5. Effect of different levels of seaweed extract and nickel fertilizer on fruit pigments

Treatments Carotenoids Lycopene B-Carotene
(mg/g fw) (mg/gfw)  (mg/g fw)
N1 cmy 0.63d 0.99i 111e
SE N2 0.80 b-d 4.24h 2.48 de
ter N, 1.34 a-d 9.15 e-g 434c
N4 1.31a-d 12.78 bc 4.07 cd
N1 cmy 0.58d 3.03h 1.87¢
SE, N2 1.09 b-d 7279 3.39d
N3 1.50 a-d 9.81 de 5.45 ab
N4 1.51 a-d 13.9b 497c
N1 (cury 0.79 b-d 476 h 471c
SEs N2 1.28 a-d 9.6 d-f 3.66d
N3 1.63 a-d 11.56 cd 5.62 ab
N4 1.75ab 14.92 ab 5.50 ab
Nlcey  1.003 b-d 7.61fg 5.77a
SE, N2 1.59 a-d 11.50 cd 5.40ab
N3 1.77 ab 13.61 bc 5.69 ab
N4 211a 16.72 a 5.81a

N: Nickel, A; SE: Seaweed extract. SE1, SE2, SE3, SE4 shows 0, 1, 1.5 and 2 mL L™, respectively. N1, N2, N3, N4 shows 0,
0.156, 0.234 and 0.312 mg L™, respectively.

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P <
0.05
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Table 6 - Analysis of variance for effect of different treatments on biochemical and antioxidant properties

Mean square

S.0.V df

TPC TFC Anthocyanin DPPH
Nickel (N) 3 1144.38 ** 707.76 ** 1641.86 **  2200.63**
Seaweed E (SE) 3 475.77 ** 126.14 ** 361.001 ** 356.10**
N*SE 9 48.96 ** 5.95 ** 399.56 ** 16.44**
Eror 31 3.03 1.19 3.49 2.86
CV (%) 5.17 3.90 3.56 2.90

**Significant at 1% probability level
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Figure 1. Effects of foliar application of seaweed extract and nickel fertilizer on anthocyanin content
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Figure 2. Effects of foliar application of seaweed extract and nickel fertilizer on total phenol (TPC)
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Figure 3. Effects of foliar application of seaweed extract and nickel fertilizer on total phenol (TFC)
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Figure 4. Effects of foliar application of seaweed extract and nickel fertilizer on antioxidant activity
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05
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Table 7 Analysis of variance for effect of different levels of seaweed extract and nickel fertilizer on nutrients

elements
Mean square

S.0.V df Nitrogen  Phosphorus  Potassium Calcium  Magnesium
Nickel (N) 3 0.97 ** 0.032 ** 6.99 ** 0.098 ** 0.032 **
Seaweed E (SE) 3 0.79 ** 0.008 ** 0.67 ** 0.054 ** 0.008 **
NxSE 9 0.37 ** 0.004 ** 0.007 * 0.004 ** 0.004 **
Eror 31 0.04 0.001 0.003 0.001 0.002

CV (%) 15.81 3.52 2.01 2.54 2.58

and * Significant at 1% and 5 % probability level, respectively
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Table 8. Effect of different levels of seaweed extract and nickel fertilizer on tomato nutrients

Treatments Nitrogen  Phosphorus  Potassium  Calcium  Magnesium
(%) (%) (%) (%) (%)

N1 ey 0.75¢g 0.1bj 1.851 0.35¢ 0.17]

SE N2 0.83 fg 0.13 hi 2.03 k 04d 0.2 hi
e N, 1.2 c-g 0.18¢ 2.83 ¢ 0.4d 0.25¢
Ny 1.33 b-f 0.24c¢ 3.63¢ 05c 0.31c

N1 0.9e-g 0.12i 2.03k 0.4d 0.19i

SE, N2 1.3 b-g 0.15¢g 2.23j 04d 0.22¢g
N3 1.3 b-g 0.17 ef 3.06 f 05¢c 0.24 ef
Ng 1.5 b-d 0.25 bc 3.76 b 06b 0.32 bc
Nlecwy 1.1d-g 0.14 gh 2.23j 0.5¢ 0.21 gh

SE; N2 1.43 b-e 0.16 fg 2431 0.4d 0.23fg
N3 1.46 b-d 0.21d 3.26¢€ 05c 0.28d
Ny 1.76 ab 0.26 ab 3.83b 0.7a 0.33 ab

N1lcewy 1.16d-g 0.17e 246 i 05¢c 0.24e

SE, N2 1.56 b-d 0.2d 2.63h 05c 0.27d
N3 1.73 a-c 0.26 ab 3.46d 06b 0.33ab

Na 2.13a 0.27 a 4.06 a 0.7a 0.34a

N: Nickel, A; SE: Seaweed extract. SE1, SE2, SE3, SE4 shows 0, 1, 1.5 and 2 mL L™, respectively. N1, N2, N3, N4 shows 0,

0.156, 0.234 and 0.312 mg L%, respectively.

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P <

0.05
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