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ABSTRACT: Two fields experiments were achieved during the Nili season of 2017 and 2018 at Experimental
Farm of Faculty of Agriculture, Fayoum University, Fayoum Gornorate to investigate the effect of soil humic acid
rates (0, 25, 50 and 75 kg fed™?), foliar zinc oxide and nanoparticles zinc oxide concentrations (50 and 100 ppm)
on tomato leaf chemical constituents and fruit quality. The interaction between soil humic acid at 75 kg/fad. and
foliar spray with zinc oxide at 50 ppm increased the concentrations of chlorophylla, b and total a+b in leaf tissues
in the 2" season. The interaction between soil humic acid at 75 kg/fad. and foliar spray with nanoparticles zinc
oxide at 50 ppm increased vitamin c, total soluble solids and lycopen contents in tomato fruits as well as fruit

firmness.
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INTRODUCTION

Tenshia and Singaram (1999) reported that, soil
humic acid at 20 kg ha?! along with NPK
recommended at 75 % on tomato leaf availability and
uptake; N, P and K contents improved compared to
NPK recommended at 100 % indicating soil humic
acid utilization save the quarter of NPK
recommended dose. Dursun et al. (2002) showed
that, soil humic acid rate at 100 ml L'on tomato
seedling; N, P and K contents, truly, increased
compared to control. Haghighi and Da Silva (2013)
indicated that, providing nutrient solution along with
soil humic acid rate at 50 mg L™ on tomato leaf
chlorophyll and photosynthesis contents,
significantly, higher than nutrient solution alone.
Feleafel and Mirdad (2014) referred that, soil humic
acid rate at 750 mg L™on tomato fruits firmness
content, significantly, recorded the highest mean
value however, soil humic acid at 750 or 1500 mg L-
on fruit total soluble solids content, significantly,
reduced compared to control. Asri et al. (2015)
tomato plants treated with soil humic acid rate at 160
L ha* on fruit titratable acidity content, significantly,
gave the maximum mean value while, soil humic acid
at various levels on fruit total soluble solids content
did not truly respond.

Alarge number of reports have emphasized that,
foliar zinc oxide and nanoparticles zinc oxide
concentrationsexerts a marked effect on tomato leaf
chemical constituents and fruits quality. In this
concern,a pot experiment, Alharby et al. (2016)
stated that, foliar nanoparticles zinc oxide at 0, 15 and
30 ppm in the presence of NaCl onfive tomato leaf N,
P and K contents did not significantly appreciable
effect. Faizan et al. (2017) proved that, soaking roots
in nanoparticles zinc oxide concentration at 8 ppm for
30 minutes on tomato leaf chlorophyll and net
photosynthetic rate contents, intersically, enhanced
over other treatments.

Therefore, the present study was conducted due
to the main and interaction effects of soil humic acid
rates, foliar zinc oxide and nanoparticles zinc oxide
concentrations on tomato leaf chemical constituents
and fruit quality.

MATERIALS AND METHODS

Two similar trials were achieved during the
season of 2017 and 2018 at private farm located
village Tatoon, El-fayoum Governorate and Egypt to
investigate the effect of soil humic acid (Hume Grow
company, USA) rates at 0, 25, 50 and 75 kg fed™,
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foliar zinc oxide (Alpha Chemical Company, India)
and nanoparticles zinc oxide (Sigma Aldrich
Company, USA) concentrations at 50 and 100 ppm
beside foliar control on tomato leaf chemical
constituents and fruit quality. The utilization of
tomato hybrid namely SV8320 (Seminis - Bayer).
Prior the initiation of each experiment, soil samples

at 30 cm depth were collected to identify some
physic-chemical features of experimental site.Soil
samples were analyzed at Soil Testing Laboratory,
Faculty of Agriculture and Fayoum University
according to standard published procedures (Wilde et
al., 1985). The results of soil samples were presented
in Table 1.

Table 1. Some physical and chemical characters of soil properties

. - Value

Physical characteristics (%) 2017 2018
Silt 8.08 9.11
Clay 53.01 52.90
Fine sand 29.34 30.36
Coarse sand 9.65 7.63
Soil texture Clayey Clayey
Chemical characteristics
pH [at a soil: water (w/v) ratio of 1:2.5] 8.01 7.88
ECe (ds m™; soil — paste extract) 3.22 2.95
Organic matter (%) 0.6v 0.73
N (%) 0.007 0.010
CaCOs3 (%) 10.10 11.02

The respective source of humic acid was 100 %.
Weight 2 g humic acid and added 2 liters distilled
water to obtain solution at 1000 ppm. Take 250, 500
and 750 ml from previous solution and complete
9.750, 9.500 and 9.250 liters distilled water to obtain
humic acid solution at 25, 50 and 75 ppm, orderly.
Added the soil humic acid concentrations at 25, 50
and 75 ppm of two times; 35 and 45 days after
transplanting. Soil humic acid solution 250 ml for
each tomato transplant. Added soil 250 ml distilled
water as control for transplant with the same
previously times. The respective source of zinc oxide
and nanoparticles zinc oxide were 80.34 and 100 %,
orderly. Weight 2.490 g zinc oxide and added 2 liters
distilled water to give zinc oxide solution at 1000
ppm. Take 1000 ml from previous solution and
complete 9 liters distilled water and take 500 ml from
previous solution and complete 9.5 liters distilled
water to give zinc oxide solution at 100 and 50 ppm,
orderly.

Weight 2 g nanoparticles zinc oxide and added
few distilled waters. Put nanoparticles zinc oxide on
ultrasonic apparatus for 20 minutes till complete
solubility. Complete solution to 2 liters distilled water
to obtain nanoparticles zinc oxide solution
concentration at 1000 ppm. Take 1000 ml from
previous solution and complete 9 liters distilled water
and take 500 ml from previous solution and complete
9.5 liters distilled water to obtain nanoparticles zinc
oxide solution concentrations at 100 and 50 ppm,
respectively. The foliar zinc oxide and nanoparticles
zinc oxide concentrations at 50 and 100 ppm of two

times; 35 and 45 days after transplanting. Foliar
distilled water as control with the same previously
times.

The experimental layout was a split-plot system
based on Randomized Complete Blocks Design with
three replications. Humic acid rates was randomly to
main plots where, foliar zinc oxide and nanoparticles
zinc oxide concentrations was allocated to sub-plots.
Each two adjacent experimental unites were
separated by 1m alley. The area devoted for
experimental unit was 12 m? including 3 rows of 4
long. A basal soil dressing of 180 N (ammonium
nitrate 33%), 60 P,Os (mono calcium phosphate 15.5
%) and 96 K,O (potassium sulfate 48 %) kg fed* was
applied. Other agro-management practices were
performed. In each experimental unit, the plants of
middle were allocated to measure leaf chemical
constituents while, the plants of two outer rows were
allocated to measure fruit quality.

Data Recorded

Leaf chemical constituents

In experimental treatment, five randomly leaf
samples after 60 days of transplanting, leaf chemical
constituents comprised the following traits:

1. Leaf chlorophyll A, B and total (A + B) contents;
leaf sample weighed 0.5 g was soaked in 1 ml N, N-
Dimethyl fomamide for more 2 days in dark at 4 C°.
Read absorbance using chlormitricaly apparatus at
wave lengths 664 and 647 nm. Leaf chlorophyll A, B
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and A + B concentrations calculated according the
following formulas of Moran (1982)

Leaf chlorophyll A concentration = 11.65 x A664 —
2.69 x AB47

Leaf chlorophyll B concentration =20.81 x A647—
4.53 x A664

Total Leaf chlorophyll (A + B) concentration = leaf
chlorophyll A + leaf chlorophyll B concentrations.

2. Leaf N, P and K contents; leaf sample was washed
tap water, rinsed three times with distilled water and
dried in a forced oven at 70 C° till weight became
constant. Dried leaf sample was ground in a Wiley
mill to pass 30 mesh screen. Weight 0.5 g dried fine
powder, digested using a mixture from sulfuric and
per chloric acids. The following determinations were
achieved; leaf N content using Microkjeldahal
apparatus, leaf P and K contents through stannous
molybdate chloride as described in A.O.A.C (1985).

Fruit quality

In experimental plot, five randomly fruit samples
at 3 harvest in red ripe stage, fruit determinations
comprised the following traits:

1- Fruit vitamin C content; fruit sample measured by
titration with 2, 6 - dichloro phenol indophenol as
outlined by Srivastava and Kumar (2015).

2- Fruit total soluble solids content; measured by
hand refractometer in fruit sample.

3- Fruit firmness content; measured by a tester
plunger 6 mm diameter Model 53200 fruit
penetrometer, range till 13 kg (T. R. Turoni srl, Via
26 Copernio 26, 47122, Italy).

4- Fruit lycopene content; fruit sample was extracted
by a mixture of hexane, acetone, ethanol (Volume
2:1:1, orderly) and butylated hydroxyl toluene. The
extracted sample was measured by modified Perkins-
Veazia et al. (2001).

5- Fruit total titratable content; determined by
titration with 0.01 N Noah as outlined by Sirvastava
and Kumar (2015).

Statistical analysis

The results of both experiments subjected to
analysis of variance by computer Genstat
Releasel2.1. Revised Least Significant test was
utilized to verify difference among treatments as
outlined by Al-Rawi and Khalf-Allah (1980).

RESULTS AND DISCUSSION
Leaf chemical constituents

Table 2 shows the main effect of soil humic rates
at 50 and/or 75 kg fed? on leaf chlorophyll A,
significantly, increased while, the main effect of soil
humic rates at 25 and/or 50 kg fed on leaf total
chlorophyll (A + B), intrinsically, augmented
compared to control, in 1% season. The main effect of
soil humic rates on leaf chlorophyll B content varied
between 1% and 2" season. Soil humic rates at 25
and/or 50 kg fed* on leaf chlorophyll B content, truly,
higher than other humic acid rates, in 1% season
whilst, soil humic rates at control and/or 75 kg fed*
on leaf chlorophyll B content, significantly, higher
than other humic acid rates, in 2"season. The main
impact of zinc oxide and nanoparticles zinc oxide,
irrespective of the concentration, did not truly
respond, in both seasons.

Table 2. The main effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato leaf
chlorophyll A, B and A + B contents at 90 days after transplanting during 2017 and 2018 seasons

Humic zZinc Leaf chlorophyll A Leaf chlorophyll B Leaf chlorophyll
acid oxide and nano Content content A+B content
(kg fed™) zinc oxide (mg mm?) (mg mm?) (mg mm?)
(ppm) 1st 1st 2nd 1st 2nd
0 0.0758 0.2654 0.122¢ 0.0944 0.197¢ 0.3594
25 0.07978 0.2654 0.134A 0.083¢ 0.21378 0.3487
50 0.086%* 0.2694 0.1364 0.0858¢ 0.222A 0.3544
75 0.08278 0.2804 0.1288 0.09278 0.2108 0.372A
0 0.078~ 0.253A 0.1304 0.0844 0.207A 0.337A
100 Gr 0.0794 0.2584 0.1294 0.0804 0.208~ 0.3384
100 Np 0.0764 0.272A 0.128A 0.0914 0.2044 0.3634
50 Gr 0.0804 0.291A 0.134A 0.096 0.214~ 0.3884
50 Np 0.0894 0.274A 0.130% 0.091A 0.220% 0.365%

* Values marked with the same letter(s) within the main effect is statistically similar using Revised LSD test at P = 0.05.
Uppercase letter(s) indicate differences between main effect. Gr= zinc oxide <Np=nanoparticles zinc oxide.
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The statistical analysis of results in Table 3
indicated that, interaction between soil humic acid
rates at 50 and/or 75 kg fed* x foliar zinc oxide
and/or nanoparticles zinc oxide concentrations at 50
ppm on leaf chlorophyll A and total (A + B) contents,

intrinsically, the best mean value while, interaction
between soil humic acid rates at 25 and/or 75 kg fed
! x foliar nanoparticles zinc oxide and/or zinc oxide
concentrations at 50 ppm, significantly, the upper
mean mean value, in both seasons.

Table 3. The interaction effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato
leaf chlorophyll A, B and A + B contents at 90 days after transplanting during 2017 and 2018 seasons

Humic Zinc oxide Leaf chlorophyll A Leaf chlorophyll B Leaf chlorophyll A+B
Acid and nano zinc Content content content
(kg fed™) oxide (mg mm?) (mg mm?) (mg mm?)
(ppm) 1st 2nd 1st 2nd 1st 2nd
0 0.077¢ 0.250°f 0.127%f 0.093¢ 0.204°f9 0.343f"
100Gr 0.084%¢ 0.250°f 0.126¢ 0.076¢9 0.210¢defg 0.3259N
0 100Np 0.056° 0.274bcd 0.097" 0.102° 0.153" 0.375bcde
50 Gr 0.074¢ 0.264% 0.127¢%f 0.091¢de 0.201% 0.355%f
50 Np 0.084¢ 0.287" 0.136°0cd 0.109° 0.220b 0.396"
0 0.078 0.280°  (.1353bcde 0.092% 0.213¢defg 0.372bcde
100Gr 0.077¢ 0.220¢ 0.1320cde 0.066" 0.210¢f9 0.286!
25 100Np 0.086" 0.264c% 0.1422 0.0821 0.228° 0.346
50 Gr 0.080" 0.292° 0.135%0cce 0,090 0.2] 5bedef 0.381"
50 Np 0.073¢ 0.271 0.126°f 0.084°f 0.199¢ 0.354¢f
0 0.081"¢ 0.242f 0.1333bcde 0.076¢9 0.213¢defg 0.318"
100Gr 0.078 0.289" 0.131°¢ 0.091¢¢ 0.209¢%f 0.380°
50 100Np 0.083" 0.279°c 0.141% 0.089¢¢ 0.224"¢ 0.368°f
50 Gr 0.081" 0.263¢% 0.137%¢ 0.0821 0.218bcde 0.3451
50 Np 0.104%* 0.271 0.139%¢ 0.088¢def 0.243? 0.358¢¢f
0 0.074¢ 0.239 0.124 0.075¢ 0.199¢ 0.3141
100Gr 0.076° 0.275° 0.126°f 0.087¢def 0.2021 0.3610%f
75 100Np 0.081"¢ 0.272°c 0.131¢¢ 0.092% 0.211¢fg 0.3630%f
50 Gr 0.0845¢ 0.3472 0.1372%¢ 0.1212 0.2271bcd 0.4682
50 Np 0.0962 0.268% 0.1219 0.085%f 0.217bcde 0.353¢f

* Values marked with the same letter(s) within the interaction effect is statistically similar using Revised LSD test at P = 0.05.
lowercase letter(s) indicate differences between interaction effect. Gr= zinc oxide « Np=nanoparticles zinc oxide.

The results in Table 4 illustatre the main impact
of humic acid rate at 75 kg fed on leaf N and K
contents, intrinsically,the distingushed mean value
while, the main effect of hmic acid rate at control on
leaf P content, truly, the mamaxium mean value, in
both seasons.The main effect of foliar nanoparticles
zinc oxide concentration at 50 ppm on leaf N and K
contents, significantly, the best mean value whlist, the
main effect of foliar concentration at control on leaf
P content, intrinsically, the pioneer mean value, in
both seasons.

The anaylsis of variance in Table 5 indicated that,
interaction between soil humic acid rate at 75 kg fed"
! x foliar nanoparticles zinc oxide concentraion at 50
ppmon leaf N and K contents, truly, higher than other
interaction effects meanwhile, interaction between
soil humic acid rate at 75 kg fed? x foliar

concentraion at control on leaf P content,
significantly, higher than other interaction effects, in
both seasons.

The enhancing main effect of humic acid rates at
25, 50 and 75 kg fed, generally, leaf chlorophyll A,
B and total (A + B) contents probably to increase
availability and uptake nutrients (Reddy and Vora,
1986) and may be soil humic acid to improve N
content which main structure of leaf chlorophyll
content. Similar findings werereported in tomato
(Dursunet al., 2002; Haghighi and Da Silva, 2013;
Saheinet al., 2014). The pronounced positive effect
of soil humic acid up 75 kg fed* on leaf N and K
contents were in harmony with the findings of
numerous investigators as such Castro et al. (1988),
Tenshia and Singaram (1999), Dursunet al. (2002)
on tomato. The synergical effect main of foliar
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nanoparticles zinc oxide concentration at 50 ppm on The interaction of difference between maximum
leaf N and P contents. Reversely, Alharby et al. and control mean value on leaf chlorophyll A, B, total
(2016) who indicated that, foliar nanoparticles zinc (A +B), N, P and K contents, as an averaged of both
oxide concentrations at 0, 15 and 30 ppm in the seasons, increased by 36.93, 20.69, 27.78, 63.88,
presence of NaCl on five tomato cultivars, no 13.22 and 75.24 %, respectively.

significant differences on leaf N and K contents.

Table 4. The main effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato leaf N,
P and K contents at 90 days after transplanting during 2017 and 2018 seasons

Humic Zinc Leaf N Leaf P Leaf K
acid oxide and nano (mg gtdw.) (mg g*dw.) (mg g*dw.)
(kg fed?) zinc oxide

(ppm) 1st 2nd 1st 2nd 1st 2nd
0 17.02° 16.34° 2.0267 1.8747 13.91° 13.938
25 17.58¢ 16.58¢ 1.9688 1.860% 13.39¢ 15.30%8
50 18.788 17.508 1.887¢ 1.8248 14.978 16.487
75 19.624 18.16A 1.777° 1.786¢ 15.634 17.097
0 15.50¢ 14.42° 2.398° 2.385% 12.91° 12.49¢
100 Gr 17.828 18.758 1.9208 1.558P 14.388 17.028
100 Np 18.178 15.07° 1.9398 2.0588 14.478 13.29¢
50 Gr 17.628 16.25¢ 1.9788 1.933¢ 14.148 14.658¢
50 Np 22,124 21.22A 1.338¢ 1.248¢ 16.48A 21.03*

Table 5. The interaction effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato
leaf N, P and K contents at 90 days after transplanting during 2017 and 2018 seasons

Humic Zinc oxide and Leaf N Leaf P Leaf K
Acid nano zinc oxide (mg g*dw.) (mg g*d.w.) (mg g*d.w.)
(kg fed‘l) (ppm) 1st ond 1t ond st ond

0 14.50! 13.70! 2.350° 2.180¢ 12.37 11.23

100Gr 16.60" 18.20° 2.100¢ 1.630' 13.709" 12.30"

0 100Np 17.409 14.70" 1.993¢ 2.100¢ 14.00™ 12,770
50 Gr 15.90' 15.30" 2.180° 2.010° 13.00" 13.70%"

50 Np 20.70¢ 19.80¢ 1.507' 1.450% 16.50¢ 19.63

0 15.00! 13.904 2.360° 2.300° 12.70" 11.80'

100Gr 17.309 18.30" 2.000° 1.620' 14.03™ 17.50%

25 100Np 17.509 14.60k 1.980° 2.090° 14.10° 12.70"
50 Gr 16.50" 15.50" 2.120¢ 2.000 13.609 13.80%"

50 Np 21.60° 20.60° 1.380! 1.290! 12.501 20.70%®

0 15.90' 14.60% 2.387° 2.440° 12.93" 12.90M

100Gr 17.609 18.90° 1.990¢ 1.540! 14.20f 18.90%

50 100Np 18.80" 15.40M 1.903" 2.020 14.80° 13.809"
50 Gr 18.90f 16.80¢ 1.870f 1.9409 14.90° 15.201

50 Np 22.70° 21.80° 1.287% 1.180™ 18.00° 21.60°

0 16.60" 15.50" 2.497° 2.620° 13.63¢ 14.03%

100Gr 19.80¢ 19.60% 1.590" 1.440% 15.60¢ 19.40%

75 100Np 19.00f 15.60" 1.880 2.020° 14.97¢ 13.90%"
50 Gr 19.20¢f 17.40¢ 1.7409 1.780" 15.07¢ 15.90¢f

50 Np 23.50%* 22.702 1.180' 1.070" 18.90? 22.20°

* Values marked with the same letter(s) within the interaction effect is statistically similar using Revised LSD test at P = 0.05.
lowercase letter(s) indicate differences between interaction effect. Gr= zinc oxide « Np=nanoparticles zinc oxide.

Future J. Biol., 4 (2022) 1-9 5



Barakat et al.

Fruit quality

The results arranged in Table 6 show that, the main effect of soil humic level from control to 25 and further
to 50 to 75 kg fed™ on fruit vitamin C and total soluable solids contents, sgnificantly, gradually increased, in both
seasons but, different the main effect of humic acid level at contol or 25 kg fed™ on fruit total soluable solids
content was at par, in 1%t season. The main gerenral of humic acid level at control on fruit firmness content,
significantly, higher than other humic acid levels, in 2" season while, main effect of humic acid at various rates
on fruit firmness content was not significantly respond, in 1% season. The main impact of foilar nanoparticles zinc
oxide concrtraion at 50 ppm on fruit vitamin C and total soluable solids contents, sgnificantly, the best mean
value meanwhile, foliar zinc oxide and nanoparticles zinc oxideat various contrations on fruit firmness content
was not significantly respond, in two investigated seasons.

Table 6. The main effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato fruit
vitamin C, total soluble solids and firmness contents during 2017 and 2018 seasons

Humic Zinc Fruit vitamin C Fruit total soluble Fruit firmness
acid . oxide gnd nano zinc (mg ml juice) solids (% ) (kg cm?)
(kg fed ) oxide (ppm) lst an 1st 2nd 1st 2nd
0 0.145P 0.148¢ 3.261¢ 2.919° 3.050% 3.020°
25 0.147¢ 0.148¢ 3.268¢ 3.100¢ 3.070% 2.7208
50 0.156" 0.1598 3.4598 3.2528 3.030% 2.6578
75 0.162A* 0.1644 3.560% 3.3984 6.500% 2.7278
0 0.1208 0.120° 2.700° 2.418P 3.067A 2.792A
100 Gr 0.16078 0.1708 3.5454 3.3358 6.960% 2.887A
100 Np 0.16078 0.1608 3.4008 3.258" 3.1584 2.8007
50 Gr 0.14078 0.140¢ 2.995¢ 2.740¢ 2.8067 2.804A
50 Np 0.1904 0.190% 4,295 4,086 3.567A 2.6217

* Values marked with the same letter(s) within the main effect is statistically similar using Revised LSD test at P = 0.05.
Np=nanoparticles zinc oxide.<Uppercase letter(s) indicate differences between main effect. Gr= zinc oxide

Table 7 shows the interaction effect of 1% order
between soil humic acid rate at 75 kg fed* x foliar
nanoparticles zinc oxide concentration at 50 ppm on
fruit vitamin C and total soluble solids contents,
significantly, the highest concentration mean value,
in both investigated seasons. Interaction effect of 1%

nanoparticles zinc oxide concentration at 50 ppm on
fruit lycopene and total titratable acidity contents,
significantly, occurred the best concentration, in both
seasons.

Many investigators reported similar findings by

order varied between 1%t and 2" season. Comparisons
interaction between soil humic acid at different rates
x foliar zinc oxide and nanoparticles zinc oxide at
various concentrations on fruit firmness content was
not intersically respond, in 1%season while,
interaction between soil humic acid rate at 50 kg fed-
1 x foliar zinc oxide concentration at 100 ppm, truly,
the highest averaged value, in 2" season.

Table 8 shows the main effect of soil humic
rate at 75 kg fed* on fruit lycopene and total titratable
acidity contents, intrinsically, higher than other
humic humic rates, in 1% and 2™ season. The main
effect of foliar nanoparticles zinc oxide concentration
at 50 ppm on fruit lycopene and total titratable acidity
contents, intrinsically, the distingushed mean value,
in both seasons.

The results in Table 9 shows that, interaction
between soil humic acid rate at 75 kg fed x foliar

Asri et al. (2015) who reported that, the main effect
of humic acid, irrespective of the rate used, on tomato
fruit firmness contentdid not respond significantly.
Abdellatif et al. (2017) showed that, the main effect
of soil humic acid at different rates on tomato fruits
vitamin C and total soluble solids contents,
significantly, increased compared with control.
Several investigators were coincides as Shams and
Morsy (2014) who reported that, grown tomato under
tunnels nanoparticles zinc oxide can improve fruit
total titratrable acidity due to increase infrared rays
transition and low penetration ultraviolet rays
compared to ordinary low tunnels.

The interaction of difference between maximum
and control mean value on Fruit vitamin C, total
soluble solids, firmness, lycopene andtotal titratable
aciditycontents, as an averaged of both seasons,
increased by 90.91, 90.85, 29.81, 90.91 and 191.88
%, orderly.
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Table 7. The interaction effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on fruit
vitamin C, total soluble solids and firmness contents during 2017 and 2018 seasons

Humic Zinc oxide Fruit vitamin C Fruit total soluble Fruit firmness
kAfiﬂ-l and niiréo zinc (mg ml'! juice) solids (%0) (kg cm?)
( gfte ) (Oppme) 1st an 1st 2nd 1st 2nd
0 0.110¥ 0.110' 2.610' 2.330' 2.5802 3.367%®
100Gr 0.150f 0.160¢° 3.400¢ 3.220f 2.9702 2.717¢df
0 100Np 0.160¢° 0.160° 3.410° 3.210f 3.4002 3.033%¢
50 Gr 0.130" 0.130¢ 2.880¢ 2.560" 2.4208 3.400?
50 Np 0.180¢° 0.180¢° 4.007¢ 3.273f 3.870? 2.583¢%f
0 0.110X 0.110' 2.620' 2.340' 3.470? 2.750¢¢%ef
100Gr 0.160¢ 0.160¢ 3.390¢ 3.250f 2.6208 2.917¢%
25 100Np 0.160¢ 0.160¢ 3.410¢° 3.240f 2.7502 2.8170def
50 Gr 0.130" 0.130¢ 2.880¢ 2.600" 3.0502 2.5001
50 Np 0.180° 0.180° 4.040° 4.070¢ 3.450? 2.617%f
0 0.120' 0.120" 2.701" 2.380' 2.9302 2.483%
100Gr 0.170¢ 0.170¢ 3.680¢ 3.390¢% 3.320° 3.417°
50 100Np 0.160¢ 0.160¢ 3.400¢ 3.280¢f 2.4002 2.533¢f
50 Gr 0.140¢ 0.150f 3.100f 2.890¢ 2.8208 2.350¢
50 Np 0.190° 0.190° 4.413° 4.320° 3.7002 2.500f¢
0 0.130" 0.130¢ 2.870¢ 2.620" 3.280° 2.567%f
100Gr 0.170¢ 0.170¢ 3.710¢ 3.480¢ 1.9402 2.500f¢
75 100Np 0.160° 0.160° 3.380¢ 3.300¢° 4.0802 2.817¢cdef
50 Gr 0.140¢ 0.150f 3.120f 2.9109 2.940° 2.967bcd
50 Np 0.210° 0.210° 4.720? 4.6802 3.2502 2.783cdef

* Values marked with the same letter(s) within the interaction effect is statistically similar using Revised LSD test at P = 0.05.

lowercase letter(s) indicate differences between interaction effect. Gr= zinc oxide « Np=nanoparticles zinc oxide.

Table 8. The main effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato fruit

lycopene and titratable acidity contents during 2017 and 2018 seasons

Humic Zinc Fruit lycopene Fruit total titratable acidity
acid oxide and nano zinc (mg g fruit) (%)
(kg fed?) oxide (ppm)
1st 2nd 1st 2nd

0 0.183¢ 0.185¢ 0.483¢ 0.376°
25 0.185¢ 0.185¢ 0.492¢ 0.384°¢
50 0.1988 0.1988 0.5278 0.4128
75 0.206A* 0.2074 0.556~ 0.4344

0 0.1508 0.150F 0.323° 0.253P

100 Gr 0.20078 0.2008 0.5288 0.4288

100 Np 0.1908 0.190¢ 0.548°8 0.4138

50 Gr 0.1708 0.170° 0.415¢ 0.324¢

50 Np 0.2604 0.260 0.755~ 0.590%

* Values marked with the same letter(s) within the main effect is statistically similar using Revised LSD test at P = 0.05.
Uppercase letter(s) indicate differences between main effect. Gr= zinc oxide « Np=nanoparticles zinc oxide.
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Table 9. The interaction effect of soil humic acid, foliar zinc oxide and nanoparticles zinc oxide on tomato
fruit lycopene and titratable acidity contents during 2017 and 2018 seasons

Humic Zinc oxide and Fruit lycopene Fruit total titratable acidity
Acid nano zinc oxide (mg g fruit) (%)
(kg fed-l) (ppm) 1st 2nd 1st 2nd

0 0.110% 0.1101 0.280" h.0.22

100Gr 0.150f 0.160¢ 0.520¢ 4.0.41

0 100Np 0.160° 0.160¢ 0.5201 4.0.41
50 Gr 0.130" 0.130¢ 0.380f f.0.30

50 Np 0.180¢ 0.180°¢ 0.690° b.0.54

0 0.110% 0.1101 0.290" h.0.23

100Gr 0.160° 0.160¢ 0.5404 4.0.42

25 100Np 0.160° 0.160¢ 0.520¢ 4.0.41
50 Gr 0.130" 0.130¢ 0.390f f.0.31

50 Np 0.180¢ 0.180°¢ 0.700° b.0.55

0 0.120' 0.120" 0.330¢ 9.0.26

100Gr 0.170¢ 0.170¢ 0.520¢ 4.0.41

50 100Np 0.160° 0.160° 0.520¢ 4.0.41
50 Gr 0.140¢ 0.150f 0.450¢ €.0.35

50 Np 0.190° 0.190° 0.810? 4.0.63

0 0.130" 0.130¢ 0.380f f.0.30

100Gr 0.170¢ 0.170¢ 0.600¢ .0.47

75 100Np 0.160° 0.160° 0.540¢ 4.0.42
50 Gr 0.140¢ 0.150f 0.440¢ €.0.34

50 Np 0.210° 0.210? 0.820? 4.0.64

*Values marked with the same letter(s) within the interaction effect is statistically similar using Revised LSD test at P = 0.05.
lowercase letter(s) indicate differences between interaction effect. Gr= zinc oxide « Np=nanoparticles zinc oxide.

REFERENCESS

A.O. A. C. (1985). Association of Official Analytical
Chemists. Official Methods of Analysis. 15" Ed.,
Washington, D.C., USA.

Abdellatif, 1. M. Y.; Youssef, Y. A.; Yousry, T. A.
and Mohamed, A. M. H. (2017). Effect of humic
acid on growth and productivity of tomato plants
under heat stress. J. Hort. Res., 25 (2): 59 — 66.

Alharby, H. F.; Ehab, M. R. M.; Fuller, M. P. and
Aldhebiani, A. Y. (2016). Impact of application zinc
oxide nanoparticles on callus induction, plant
regeneration, elemental content and antioxidant
enzyme activity in tomato (Solanum lycopersicon
Mill) under salt stress. Arch Biol. Sci., 68 (4):723 —
735.

Al-Rawi, K. M. and Kalf-Allah, A. M. (1980).
Design and analysis of agriculture experiments. Text
book. EI-Mousl Univ.Press.Ninawa, Irag. 487 pp.

Asri, F. O.; Demirtas, E. I. and Ari, N. (2015).
Changes in fruit yield, quality and nutrient
concentrations in response to soil humic acid

applications in processing tomato. Bulg. J. Agric.
Sci., 21: 585 — 591.

Castro, B. F.; Locascio, S. J. and Olson, S. M.
(1988). Tomato response to foliar nutrient and bio-
stimulant applications. Proc. Fla. State Hort. Soc.,
101: 350 — 353.

Dursun, A.; Guvenc, I. and Turan, M. (2002).
Effect of different of humic acid on seedling and
macro and micronutrients of tomato and eggplant.
Acta Agrobotanica, 56 (2): 81 — 88.

Faizan, M.; Faraz, A.; Yusuf, M.; Khan, S. T. and
Hayat, S. (2017). Zinc oxide nanoparticle-mediated
changes in photosynthetic efficiency and antioxidant
system of tomato plants. Photosynthetic, 55: 1 -

Feleafel, M. N. and Mirdad, Z. M. (2014).
Ameliorating tomato productivity and water- use
efficiency under water salinity. J. Animal and Plant
Sci., 24(1): 302 — 3009.

Haghighi, M. and Da Silva, J. A. T. (2013).
Amendment of hydroponic nutrient solution with
humic acid and glutamic acid in tomato

Future J. Biol., 4 (2022) 1-9 8



Barakat et al.

(Lycopersicon esculentum Mill.) culture. Soil Sci.
Plant Nutri., 59: 642 — 648.

Moran, R. (1982). Formula for determination of
chlorophylls pigments extracted with N, N-Dimethyl
fomamide. Plant Physiol., 69: 1376 - 1381.

Perkins-Veazie, P.; Collins, J. K.; Pair, S. D. and
Roberts, W. (2001). Lycopene content differs among
red-fleshed watermelon cultivars. J. Sci. Food and
Agric., 81(10): 983 - 987.

Reddy, M. P and Vora, A. B. (1986). Changes in
pigment composition, hill reaction activity and
saccharides metabolism in bajra leaves NaCl salinity.
Photosynthica, 20: 50 - 55.

Sahein, S.; Karaman, M. R. and Gebologlu, N.
(2014). The effects of humic acid application upon

the phosphorous uptake of tomato plant
(Lycopersicon esculentum L.). Academic J., 9 (12):
586 — 590.

Srivastava, R. P. and Kumar, S. (2015). Fruit and
vegetable preservation: principles and practices. CBS
Publishers and Distributors Pvt. Limited.

Tenshia, J. S. V. and Singaram, P. (1999).
Influence of humic acid on yield, nutrient availability
and uptake by tomato. Acta Horticulturae, 494: 670 —
676.

Wilde, S. A.; Corey, R. B.; Lyer, J. G. and Voight,
G. K. (1985). Soil and Plant Analysis for Tree
culture. Oxford and IBM Publishers. New Delhi.
India. 3 ed. 93 — 106 pp.

RESEARCH ARTICLE

Integrated use of soil humic acid rates under foliar zinc oxide
and nanoparticles zinc oxide concentrations on tomato leaf

chemical constituents and fruit quality

Authors’ contributions

Author details: Barakat, M. A. S., N. A, Elswah, W. M.
Semida, A. M. M. Mahmoud, Department Horticulture,

Faculty Agriculture, Fayoum University, Egypt.
Funding: NA

Ethics approval and consent to participate: Not applicable

Consent for publication: Not applicable

Competing interests

The authors declare that they have no competing interests.

Received: 8 July 2022 ; Accepted: 10 Sept. 2022

Ready to submit your research? Choose
The Future and benefit from:

Fast, convenient online submission

* thorough peer review by experienced
researchers in your field

+ Rapid publication on acceptance
 Support for research data, including
large and complex data types

» Gold Open Access which fosters wider
collaboration and increased citations

* maximum visibility for your research is
always in progress.

Learn more futurejournals.org/

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution

THE FUTURE JliggelS

4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,

provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public

Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to
available in this article, unless otherwise

the data made

Future J. Biol., 4 (2022) 1-9 9


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://futurejournals.org/

