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ABSTRACT

The purpose of this study was to evaluate the effect of humic acid (HA) applied at 4.8, 9.6 and
14.4 kg-ha* on the growth and productivity of two tomato hybrids Nema 1400 and Platinium 5043 under
hot continental climate. HA was applied twice to soil: the first one — three weeks from transplanting and
the second one, after one week from the first application, in both seasons. Application of HA during the
summer season targeted a great results on tomato plant growth and productivity. HA at 14.4 kg-ha* in-
creased the vegetative growth of tomatoes (plant height and fresh weight) and flowering parameters (num-
ber of flower clusters and flowers per plant) as well as yield characters (fruit number per plant and fruit weight,
which resulted in higher early and total yield) in both seasons. HA application had the least impact on fruit
number per plant, and on vitamin C and total soluble solids (TSS) concentration as compared with control.
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INTRODUCTION

Today, the world faces dangerous problems
which affected on human life headed by agriculture
and food security. One of these problems is environ-
mental changes and abiotic stresses that affects
plant growth, development, and productivity.

Tomato (Solanum lycopersicum L.) is one of
the major crops grown all over the world. According
to FAO (2016), tomato occupies the first rank
among the cultivated area of all vegetable crops in
Egypt.

The major challenge in tomato cultivation is
heat stress responses (Abdul-Baki 1991). The opti-
mum temperature for tomato growing ranges from
21 to 24 °C, and temperature above 24 °C will grad-
ually decrease the productivity with the death level
at 35 °C. According to Srinivasa Rao et al. (2016),
high temperature is an important factor for growing
tomato because of its effects on all stages of tomato
plant from vegetative to reproductive phases.

*Corresponding author:
e-mail: islam_abdellatif@mu.edu.eg

Humic acid (HA) is a heterogeneous mixture
of many compounds, a mixture of weak aliphatic
and aromatic organic acids, which are not soluble in
water under acid conditions but are soluble in water
under alkaline conditions (Cacco & Dell’Agnolla
1984; Pettit 2004) that influences variously plant
growth and soil traits (Tan 2003). HA is produced
commercially and intended for organic fertilization.
Its components improve soil fertility and increase
nutrients availability, enhance plant growth, yield,
and decrease the harmful effect of stresses through
various mechanisms inside plants and soil (Rajaei
2010; Unlu et al. 2011; Moraditochaee 2012). In this
study, we evaluated the effect of HA on solving to-
mato challenges to high temperature during summer
season.

MATERIALS AND METHODS

This investigation was carried out during the
two successive summer seasons of 2014 and 2015
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at the Farm of Minia University, under hot continen-
tal climate (Table 1). Two tomato hybrids Nema
1400 and Platinium 5043 were selected for this
study and grown in a clay loam soil. CANADA
HUMEX, commercial product containing 68% HA,
15% fulvic acids, 10% potassium, 5% nitrogen, 1%
iron, 0.5% manganese, and 0.5% zinc was used at
four concentrations (0, 4.8, 9.6 and 14.4 kg-ha™). It
was melted in water and added to soil by pouring
the solution immediately after irrigation. The treat-
ment was repeated twice, the first one — after three
weeks from transplanting and the second one, after
one week from the first application, in both seasons.
In addition, a typical fertilization contained
60 m®-ha* organic fertilizer and 960 kg-ha™ super
phosphate calcium, 240 kg-ha™ potassium sulfate,
480 kg-ha* ammonium sulfate, 240 kg-ha* sulfur,
60 kg-ha! iron sulfate, 60 kg-ha™* magnesium sul-
fate, 60 kg-ha'* zinc sulfate, and 60 kg-ha® manga-
nese sulfate was applied.

Records for medium temperature and relative
humidity percentage obtained from Malawy Mete-
orological Station, about 52 km away from the ex-
periment location, are presented in Table 1. Data ob-
tained as daily records and summarized as average
of 15-day intervals.

Complete Randomized Blocks design in
a split-plot arrangement with three replicates was
used in each season. Main plots were assigned to
genotypes, while the subplots were allocated to the

HA levels. Each plot area was 14.40 m? with three
rows; each one was 4-m long and 120 cm in width.
Transplanting was done on one side of each strip
with 40-cm intra-rows spacing between two hill-
ocks with one plant/hillock.

Studied characteristics

Plant height (cm), fresh weight of plant without
roots and fruits (g), and number of flower clusters
and flowers per plant were recorded at the full
blooming stage (after 55 days from transplanting)
by randomly taking three plants from each treat-
ment, while, early and total yield per hectare (ton)
as well as average number of fruits per plant were
determined during the harvest periods. Fruits were
picked six times, the first three were considered as
an early yield. On the third picking, 10 ripe fruits
were randomly taken from each plot to record the
average fruit weight (g) as well as vitamin C con-
centration (mg-100 g), which was determined by
using 2,4-dichlorophenol-indophenol dye according
to A.O.A.C. (2000), and total soluble solids (TSS)
percentage in the juice of fruits which was deter-
mined by using hand refractometer on the juice of
ten ripe fruits after blending for 1-2 minutes.

Data were statistically analyzed with the help
of MSTAT-C program to find out the statistical sig-
nificance of the experimental results separately for
each year of the experiment. The mean values of all
parameters were separated by Duncan's multiple
range test at 5% probability.

Table 1. Records for medium temperature and relative humidity percentage obtained from Malawy Meteorological
Station, far about 52 Km from the experiment location. Data obtained as daily records and summarized as average of

15 day intervals

Seasons
2014 2015
Months Days medium humidity medium humidity
temp. (°C) (%) temp. (°C) (%)
April 1-15 24.56 53.20 21.69 61.93
16-30 24.88 46.80 23.23 55.60
May 1-15 27.02 43.93 26.70 55.87
16-30 27.30 43.0 30.63 46.93
June 1-15 29.17 45.73 30.61 75.33
16-30 29.42 53.93 31.19 46.20
July 1-15 28.87 57.07 31.71 57.20
16-30 29.06 59.67 32.96 53.93
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Fig. 1. The effect of humic acid (zero, 4.8, 9.6 and 14.4 kg ha) on plant height (cm) and fresh weight of aerial plant parts (g) of
two tomato hybrids Nema 1400 and Platinium 5043 during the summer seasons of 2014 and 2015
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Fig. 2. The effect of four levels of humic acid preparation (control, 4.8, 9.6, and 14.4 kg-ha*) on number of flower clusters and
flowers/plant of two tomato hybrids (Nema 1400 and Platinium 5043) during the summer seasons of 2014 and 2015
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Fig. 3. The effect of four levels of humic acid preparation (control, 4.8, 9.6, and 14.4 kg-ha™') on early and total yield-ha! (ton) of
two tomato hybrids (Nema 1400 and Platinium 5043) during the summer seasons of 2014 and 2015
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Fig. 4. The effect of four levels of humic acid preparation (control, 4.8, 9.6, and 14.4 kg-ha') on average fruits number/plant and
average fruit weight (g) of two tomato hybrids (Nema 1400 and Platinium 5043) during the summer seasons of 2014 and 2015
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Fig. 5. The effect of four levels of humic acid preparation (control, 4.8, 9.6, and 14.4 kg-ha*) on vitamin C (mg-100 g1) and
TSS (%) of two tomato hybrids (Nema 1400 and Platinium 5043) during the summer seasons of 2014 and 2015

RESULTS

Plant height (cm) and fresh weight of plants (g)
In the both hybrids, the highest plants were obtained
when HA was applied at 14.4 kg-ha* and they sig-
nificantly differed from control in both seasons (Fig.
1A, B).

The application of HA at 9.6 and 14.4 kg-ha™
significantly increased the fresh weight of plants as
compared with control in both seasons. The highest
fresh weight was recorded when 14.4 kg-ha* of HA
was applied in both hybrids and seasons (Fig. 1C, D).
Number of flower clusters and flowers per plant
Both tomato hybrids reacted for all levels of HA
with increasing number of flowers per cluster and
general number of flowers per plant as compared
with control in both the seasons (Fig. 2A, B, C, D),
with the highest values for levels 9.6 and 14.4 kg-ha™.
Early and total yield per hectare (ton)

Early yield in hybrid Nemo 1400, higher in compar-
ison with control, was obtained with HA at 9.6 and
14.4 kg-ha*, respectively, in the first year and at the

three levels in the second year of experiment (Fig.
3A, B), whereas in hybrid Platinium 5043, all levels
of HA increased early yield. Also total yield of fruits
was significantly higher after applying HA and in-
creased with the increase in HA level (Fig. 3C, D).
Number of fruits per plant and fruit weight (g)
The average number of fruits in hybrid Nema 1400
was higher only with HA at 14.4 kg-ha* in the first
season, whereas in the second season and in hybrid
Platinium 5043, this trait was not affected by HA
(Fig. 4A, B). The average fruit weight of hybrid
Nema 1400 was not affected with HA application in
the first year, but in the second year, it was increased
at 9.6 and 14.4 kg-ha* HA. The hybrid Platinium
5043 increased fruit weight at each level of HA in
the both years (Fig. 4C, D).

Vitamin C and TSS

HA application did not affect the mean vitamin C
concentration in both hybrids as compared with
control in both seasons except for 9.6 kg-ha in hy-
brid Platinium 5043 in the second year (Fig. 5A, B).
Also the TSS concentration did not change in the
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first year, and in the second year, it increased in hy-
brid Platinium 5043 when 4.8 kg-ha™ of HA was ap-
plied (Fig. 5C, D).

DISCUSSION

According to several reports, HA significantly
increased the plant height of tomato (Kazemi 2013,
2014; Farnia & Moradi 2015), fresh weight of tomato
(Abdel-Monaim et al. 2012), and number of flowers
of tomato (Kazemi 2014), as well as early fruit yield
of tomato (Yildirim 2007) and pepper plants (Kara-
kurt et al. 2009) and total yield of tomato (Abdel-
Monaim et al. 2012; Aman & Rab 2013; Kazemi
2013, 2014; Asri et al. 2015; Farnia & Moradi 2015).
The reasons behind this increment are connected
with each other. Also, several studies have shown
that HA has the ability to decrease the harmful effect
of stressors on plants (Ozkutlu et al. 2006; Rajaei
2010; Unlu et al. 2011; Moraditochaee 2012) and in
soils (Baldotto et al. 2010). In our experiments, HA
similarly positively influenced the growth and yield
parameters of two tomato hybrid cultivars.

HA plays important roles on plants through
stimulation of root growth and increase of water and
nutrient uptake by vegetable crops (Cimrin & Yil-
maz 2005). It can also influence the cell division
(Chen et al. 2004) and enhance protein synthesis
(El-Ghamry et al. 2009; Patil 2010), which result in
enhancing total protein content in plants (Nardi et
al. 2002). HA also provides growth regulators to
regulate and control hormone levels in plants (Nardi
et al. 2002) and stimulates production of plant en-
zymes and hormones (Sarir et al. 2005; Mart 2007).
It also increases enzyme catalysis and enhances res-
piration and photosynthesis processes (Nardi et al.
2002; Nardi et al. 2002). These mechanisms refer to
the direct influence of HA on plants and its influ-
ence on soil fertility is also very important (Nardi et
al. 2002; Fahramand et al. 2014). It happens through
the improvement of soil physical (Varanini & Pin-
ton 1995; Nardi et al. 2002), chemical, and biologi-
cal properties (Keeling et al. 2003; Mikkelsen 2005)
that increase water holding capacity (McDonnell et
al. 2001). Furthermore, it is a good source of energy
for beneficial soil organisms (Chen et al. 2004; Pet-
tit 2004; Zimmer 2004) by stimulating the enzyme
activities (Burkowska & Donderski 2007). HA is

used for soil reclamation purposes (Baldotto et al.
2010; Mauromicale et al. 2011; Khaled & Fawy
2011; Ameri & Tehranifar 2012).

I it can be concluded that HA added to the soil
for growing tomatoes under hot continental climate
in the amount of 9.6 and 14.4 kg-ha™ can increase
the yield, both early and total.

REFERENCES

Abdel-Monaim M.F., Abdel-Gaid M.A., EI-Morsy M.E.-
M.A. 2012. Efficacy of rhizobacteria and humic
acid for controlling Fusarium wilt disease and im-
provement of plant growth, quantitative and quali-
tative parameters in tomato. ESci Journal of Plant
Pathology 1: 39-48.

Abdul-Baki A.A. 1991. Tolerance of tomato cultivars
and selected germplasm to heat stress. Journal of
the American Society of Horticultural Science
116(6): 1113-1116.

Aman S., Rab A. 2013. Response of tomato to nitrogen
levels with or without humic acid. Sarhad Journal
of Agriculture 29: 181-186.

Ameri A., Tehranifar A. 2012. Effect of humic acid on
nutrient uptake and physiological characteristic
Fragaria ananassa var. Camarosa. Journal of Bio-
logical and Environmental Sciences 6: 77-79.

Asri F.O., Demirtas E.I., Ari N. 2015. Changes in fruit
yield, quality and nutrient concentrations in re-
sponse to soil humic acid applications in processing
tomato. Bulgarian Journal of Agricultural Science
21: 585-591.

Baldotto L.E.B., Baldotto M.A., Canellas L.P., Bressan-
Smith R., Olivares F.L. 2010. Growth promotion of
pineapple ‘Vitéria’ by humic acids and Burkhold-
eria spp. during acclimatization. Revista Brasileira
de Ciéncia do Solo 34: 1593-1600. DOI:
10.1590/S0100-06832010000500012.

Burkowska A., Donderski W. 2007. Impact of humic
substances on bacterioplankton in eutrophic lake.
Polish Journal of Ecology 55: 155-160.

Cacco G., Dell’Agnolla G. 1984. Plant growth regulator
activity of soluble humic complexes. Canadian
Journal of Soil Science 64: 225-228. DOI:
10.4141/cjss84-023.

Chen Y., De Nobili M., Aviad T. 2004. Stimulatory ef-
fects of humic substances on plant growth. In: Mag-
doff F., Weil R.R. (Eds.), Soil organic matter in
sustainable agriculture. Boca Raton, CRC Press,
pp. 103-130. DOI: 10.1201/9780203496374.ch4.

Brought to you by | Uniwersytet Przyrodniczy w Poznaniu
Authenticated
Download Date | 10/12/18 10:16 AM



Influence of humic acid on tomato plants

65

Cimrin K.M., Yilmaz I. 2005. Humic acid applications to
lettuce do not improve yield but do improve phos-
phorus availability. Acta Agriculturae Scandina-
vica, Section B — Soil and Plant Science 55: 58-63.
DOI: 10.1080/09064710510008559.

El-Ghamry A.M., Abd El-Hai K.M., Ghoneem K.M.
2009. Amino and humic acids promote growth,
yield and disease resistance of faba bean cultivated
in clayey soil. Australian Journal of Basic and Ap-
plied Sciences 3: 731-739.

Fahramand M., Moradi H., Noori M., Sobhkhizi A,
Adibian M., Abdollahi S., Rigi K. 2014. Influence
of humic acid on increase yield of plants and soil
properties. International Journal of Farming and
Allied Sciences 3: 339-341.

FAO 2016. FAOSTAT. Food and Agriculture Organiza-
tion of the United Nations. http://faostat.fao.org/de-
fault.aspx

Farnia A., Moradi E. 2015. Effect of soil and foliar appli-
cation of humic acid on growth and yield of tomato
(Lycopersicon esculentum L.). International Jour-
nal of Biology, Pharmacy and Allied Sciences
4(10), Special Issue: 706-716.

Karakurt Y., Unlu H., Unlu H., Padem H. 2009. The in-
fluence of foliar and soil fertilization of humic acid
on yield and quality of pepper. Acta Agriculturae
Scandinavica, Section B — Soil and Plant Science
59: 233-237. DOI: 10.1080/09064710802022952.

Kazemi M. 2013. Vegetative and reproductive growth of
tomato plants affected by calcium and humic acid.
Bulletin of Environment, Pharmacology and Life
Sciences 2(11): 24-29.

Kazemi M. 2014. Effect of foliar application of humic
acid and calcium chloride on tomato growth. Bul-
letin of Environment, Pharmacology and Life Sci-
ences 3(3): 41-46.

Keeling A.A., McCallum K.R., Beckwith C.P. 2003. Ma-
ture green waste compost enhances growth and nitro-
gen uptake in wheat (Triticum aestivum L.) and
oilseed rape (Brassica napus L..) through the action of
water-extractable factors. Bioresource Technology
90: 127-132. DOI: 10.1016/S0960-8524(03)00125-1.

Khaled H., Fawy H.A. 2011. Effect of different levels of
humic acids on the nutrient content, plant growth,
and soil properties under conditions of salinity. Soil
and Water Research 6: 21-29.

Mart 1. 2007. Fertilizers, organic fertilizers, plant and ag-
ricultural fertilizers. Agro and Food Business
Newsletter, pp. i—iv.

Mauromicale G., Longo A.M.G., Lo Monaco A. 2011.
The effect of organic supplementation of solarized

soil on the quality of tomato fruit. Scientia Horti-
culturae 129: 189-196. DOI: 10.1016/j.sci-
enta.2011.03.024.

McDonnell R., Holden N.M., Ward S.M., Collins J.F.,
Farrell E.P., Hayes M.H.B. 2001. Characteristics of
humic substances in heathland and forested peat
soils of the Wicklow Mountains. Biology and En-
vironment 101: 187-197.

Mikkelsen R.L. 2005. Humic materials for agriculture.
Better Crops with Plant Food 89: 6-7, 10.

Moraditochaee M. 2012. Effects of humic acid foliar
spraying and nitrogen fertilizer management on
yield of peanut (Arachis hypogaea L.) in Iran.
ARPN Journal of Agricultural and Biological Sci-
ence 7: 289-293.

Nardi S., Pizzeghello D., Muscolo A., Vianello A. 2002.
Physiological effects of humic substances on higher
plants. Soil Biology and Biochemistry 34: 1527-
1536. DOI: 10.1016/S0038-0717(02)00174-8.

Ozkutlu F., Torun B., Cakmak I. 2006. Effect of zinc hu-
mate on growth of soybean and wheat in zinc-defi-
cient calcareous soil. Communications in Soil Sci-
ence and Plant Analysis 37: 2769-2778. DOI.
10.1080/00103620600832167.

Patil R. 2010. Effect of potassium humate and depro-
teinised juice (DPJ) on seed germination and seed-
ling growth of wheat and jowar. Annals of Biolog-
ical Research 1: 148-151.

Pettit R.E. 2004. Organic matter, humus, humate, humic
acid, fulvic acid and humin: their importance in soil
fertility and plant health. CTI Research, 15 p.

Sarir M.S., Sharif M., Zeb A., Akhlag M. 2005. Influence
of different levels of humic acid application by var-
ious methods on the yield and yield components of
maize. Sarhad Journal of Agriculture 21: 75-81.

Srinivasa Rao N.K., Shivashankara K.S., Laxman R.H.
2016. Abiotic Stress Physiology of Horticultural
Crops. Springer, India. DOI: 10.1007/978-81-322-
2725-0.

Tan K.H. 2003. Humic Matter in Soil and the Environ-
ment. Principles and Controversies. Marcel Dekker,
Inc., NY, 408 p. DOI: 10.1201/9780203912546.

Unlu H.O., Unlu H., Karakurt Y., Padem H. 2011.
Changes in fruit yield and quality in response to fo-
liar and soil humic acid application in cucumber.
Scientific Research and Essays 6: 2800-2803. DOI:
10.5897/SRE11.304.

Varanini Z., Pinton R. 1995. Humic substances and plant
nutrition. In: Behnke H.D., Liittge U., Esser K., Ka-
dereit J.W., Runge M. (Eds.), Progress in Botany
56: 97-117. DOI: 10.1007/978-3-642-79249-6_5.

Brought to you by | Uniwersytet Przyrodniczy w Poznaniu
Authenticated
Download Date | 10/12/18 10:16 AM



66 1.M.Y. Abdellatif et al.

Yildirim E. 2007. Foliar and soil fertilization of humic acid ~ Zimmer G. 2004. Humates and humic substances. Bio-cor-
affect productivity and quality of tomato. Acta Agricul- rect inputs for the Eco-farmer. ACRES 34(1): 1-2.
turae Scandinavica, Section B — Soil and Plant Science
57:182-186. DOI: 10.1080/09064710600813107.

Brought to you by | Uniwersytet Przyrodniczy w Poznaniu
Authenticated
Download Date | 10/12/18 10:16 AM



