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Abstract
Humic acid is an organic chemical contains many elements which increase the availability of nutrient elements by holding
them on mineral surfaces and consequently affect plant growth and yield positively. This experiment was carried out to see the
effect of spraying humic acid at various concentrations (0, 500, 750 and 1000 mg L-1) and frequency (G1: at 21days after
transplanting, G2: two times sprays of Humic acid at 21 and 35 DAT andG3: three times sprays of Humic acid at 21, 35 and
45) on growth of onion (Allium cepa L. Giza 20). A field experiments were carried out during the two seasons of 2014/2015
and 2015/2016. Foliar application of Humic acid significantly increased all growth characters (i.e. Number of leaves, leaf
length, leaf diameter, neck diameter , fresh weight of leaves, root length and number, bulb length and diameter and fresh
weight of plants) compared to untreated control plants. Among different times of Humic acid applications, Triple spray of
humic acid (G3) was better than double (G2) or single spray (G1) in terms of having significantly higher number of leaves,
leaf length, leaf diameter, neck diameter, fresh weight of leaves, root length and number, bulb length and diameter and fresh
weight of plants. It is concluded that spraying onion with humic acid at 1000 mg L-1 resulted in higher growth and yield. ©
2018 Friends Science Publishers
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Introduction
Onion plant (Allium cepa L.) is the second most popular
vegetable crops of the Alliacea family (Singh and Bahadur,
2007) grown under wide range of climatic conditions with a
world production of about 90 million tones (FAOSTAT,
2015). It is a widespread crop with various functions to
people. Onion plants are excellent sources of carbohydrates,
protein, minerals, antioxidant vitamin and has preservative
values in addition to its medicinal values (Padmini et al.,
2007; Tyagi and Yadav, 2007; Barzegar et al., 2008;
Mahanthesh et al., 2008). The local demand for onion far
exceeds local production in Jordan. Increasing productivity
of onion is possible genetically through introducing of high
yielding varieties and by cultural practice through
application of fertilizer (Nasreen et al., 2007), plant
protection, plant growth regulators and by increasing
organic and inorganic sources of nutrients.
Planting rotation, various plough techniques, green
fertilizer application and animal fertilizer application are
various techniques for improving the organic contents of

soils. In addition to these practices, utilization of organicmineral fertilizers in agriculture has increased in recent
years (Doran et al., 2003). Natural substances like humic
acid produced by the decay of organic materials (Schiavon
et al., 2010; Primo et al., 2011; Selladurai and Purakayastha,
2016; Chen et al., 2017) can be utilized for increasing yield.
Humic acid is a product contains many elements
which improve the soil fertility and increase the availability
of nutrient elements by holding them on mineral surfaces
and consequently affect plant growth and yield (Neri et al.,
2002; El-Desuki, 2004; Akinci et al., 2009). Humic acid
affects chemical properties of soil (Ohta et al., 2004) and
enhanced nutrient uptake and yield of some crops (Rajpar et
al., 2011). Humic substances considered as plant
biostimulants (Calvo et al., 2014) due to its effect in
promoting plant growth through enhancing root growth and
nutrient uptake (Canellas et al., 2002; Nardi et al., 2002;
Zandonadi et al., 2007; Baldotto et al., 2009; Oliveira
Aguiar et al., 2009; Rosa et al., 2009; Gulser et al., 2010;
Ortiz et al., 2010; Bernardes et al., 2011; Daur and
Bakhashwain, 2013) and its role in plant physiology through
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Table 1: Selected properties of the soil

increasing photosynthesis (Baldotto et al., 2009; Ertani et
al., 2011), net photosynthesis (Canellas et al., 2002), cell
respiration and protein synthesis (Nardi et al., 2002),
enzyme activities (Allison, 2006; Nardi et al., 2007) and leaf
water retention (Fu Jiu, 1995). Application of humic acid
significantly increased photosynthetic pigments, vegetative
growth, the nutritive value and assist in the transport and
absorption of nutrients (Chen et al., 2004; Baldotto et al.,
2009) due to the formation of complexes and chelates,
which leads to increase yield in several plants (Ulukan,
2008; El-Hefn, 2010; Mahmoud and Hafez, 2010; El-Sayed
Hameda et al., 2011). Sugars (Lima et al., 2011),
carbohydrates (Aminifard et al., 2012) and starch (Canellas
et al., 2002; Nardi et al., 2007; Ertani et al., 2011) were
found to be increased after spraying the crops with humic
acid. Water use efficiency in the sandy soil has been found
to increase as a result of humic substances. This may be
attributed to the swelling and retention of water by the
amended soil (Suganya and Sivasamy, 2006; Pereira et al.,
2010; Khaled and Fawy, 2011).
Foliar application of humic acids is based on plants
requirement in general and critical stages of growth in
particular. Previous studies indicates that an appropriate
concentration humic acid affects the growth and yield of
plants while under rainfed conditions, very little work has
been done in onion crop and therefore, an attempt has been
made to study the effect of different concentrations of humic
acid applied at different stages on growth and development
of onion crop.
Despite the fact that the use of humic acid is not a new
idea for increasing onion production and other crops in the
world, the rates of humic acid needed are less clearly
established in Jordan that represent a rain-fed conditions,
therefore, the aim of this study was to determine the effects
of humic acid foliar spray at different growth stages on
growth and development of onion crop under rain-fed
conditions of Jordan.

pH
OM%
Nitrogen
CEC (cmol kg-I)
K (mg Kg -1)
P (mg Kg -1)
EC (dS m-I)
C/N ratio
Sand%
Silt%
Clay%

7.7
0.68
0.07
28.4
410
10.4
0.26
11.8
8
48
44

Table 2: Rainfall distribution during the experimental
period
Months
December
January
February
March
April

Growing season /Precipitation (mm)
2014/2015
2015/2016
44
23
145
273
124
18
21
58
68
11

The experiment has two factors laid out in Randomized
Complete Block Design (RCBD) with three replications.
The first factor consisted of four foliar doses of humic
acid (0,500, 750 and 1000 mg L-1) and the second factor
consisted of three humic spray treatments viz., one time
spray of humic acid (at 21 days after transplanting
(DAT) (G1), two times sprays of humic acid (at 21 and
35 DAT) (G2) and three times sprays of humic acid (at
21, 35 and 45 (DAT) (G3). To test the significance of
variation in the data obtained, factorial randomized block
design was adopted.
During crop production, cultural practices including
weeding, insect pest and disease control and hoeing were
completed. As a basal fertilizer, nitrogen (120 mg/kg as
NH4NO3), phosphorus (90 mg/kg), potassium (120 mg/kg
as KH2PO4), and zinc (0.7 mg/kg as ZnSO4) were applied
to the pots before planting.
Measurements on the following growth parameters
and bulb characters were recorded 150 days after
transplanting (DAP) from ten selected plants. Number of
leaves per plant, Plant height was measured using ruler from
the soil surface to the top of the longest leaf. Neck diameter
was measured at the narrowest point using caliper. Leaf
length was recorded with ruler from the tip of the leaf to
bulb and diameter was recorded with caliper. Length and
diameter of mature bulb was measured using caliper.
Fresh weight of plant was recorded as the weight of the
bulb, above ground parts as well as leaves and roots.
Root number was counted and root length was measured
from the tip of root to the base of bulb. The data were
statistically analyzed for each season and then combined
analysis of the two seasons was carried out using ANOVA
and least significant deference test (LSD) using SAS
statistical software (SAS, 2002).

Materials and Methods
A field experiments were conducted at farmer’s field near
Marou village (34○ 40’ N latitude and 32○37’ E longitude
with an elevation of 500 m), which is 100 Km north of
Amman, Jordan.
The research work was carried out during two
successive seasons 2014/2015 and 2015/2016 production
period with a local market onion cultivar Giza 20 which
was available in the local market and is the dominant
variety produced in the area, at the agricultural research
and experiment station area. The soil was silty clay soil
texture (Table 1). The mean seasonal rainfalls for the
duration of the experiment (2014/2015 to 2015/2016)
was: 204 mm and 383 mm, respectively (Table 2). The
seeds were cultivated in the nursery at the 1st October of
each cropping season and were transplanted to rows in the
fields at the 10th of December. The plot size was 4 × 4 m.
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Yield and Quality of Bulbs

Results

Bulb characteristics of onion were significantly affected
under humic acid application Fig. 1 H–J. Application of
humic acid increased onion yield and quality of bulbs more
than control plants. In all cases, the increments in bulb
diameter, bulb length and fresh weight of plant were often
highly significant in comparison with untreated control
plants. High concentration of humic acid (1000 mg L-1)
increased bulb diameter (68%), bulb length (84%) and fresh
weight of plant (63%) as compared to control. The results
showed that humic acid application improved bub
characteristics of onion. Significant variation in bulb
characteristics at all growth stages were found among
different times of spray. Triple spray of humic acid (G3)
increased yield and improved quality of bulbs compared to
double (G2) and single spray (G1). The highest fresh weight
of plant (148.9 g), length of bulb (8.2 cm) and bulb diameter
(18.cm) were obtained by triple spray of humic acid, which
were significantly greater than values after single spray. The
increases in bulb length and bulb diameter were ~1.2 and
~1.15 fold, respectively.

Foliar applications of humic acid has often recommended as
a method to improve crop production in various crops by
controlling physiological processes. This experiment was
conducted to determine the effects of humic acid rates and
frequency on growth and yield of onion. The effect of
humic acid on growth and yield parameters from the two
seasons of 2014/2015 and 2015/2016 were pooled together
and analyzed. Analysis of variance indicated that the
reaction of onion toward diverse levels of humic acid rates
and frequency for vegetative and yield components were
statistically significant (P<0.05) (Table 3).
Vegetative Growth Characters
Effect of foliar treatments with humic acid on vegetative
growth of onion is shown in Fig. 1A-E. Humic acid
significantly influenced vegetative growth by increasing
number of leaves, leaf length, leaf diameter, neck diameter
and fresh weight of leaves by 88.7%, 82.8%, 115.6%, 120%
and 139.1%, respectively at 1000 mg L-1 corresponding to
untreated crops. The maximum number of leaves was
recorded as 11.7 with the spray of humic acid @ 1000
mg L-1. Similar trend were also noticed with other
vegetative parameters. Significant variation in vegetative
growth was found among the frequency of humic acid
applications. Foliar spray (G3) had significantly higher
vegetative growth. Results indicated that a triple application
of humic acid was significantly higher than single
application (Fig. 2A–E). The highest values of leaves
number (10.5), leaf length (57.4 cm), leaf diameter (5.4
cm), neck diameter (8.3 cm) and fresh weight of leaves
(95.1g) was observed in triple spray of humic acid,
while the lowest values were observed in single spray.
The increase in number of leaves was ~1.16 (G2) and
~1.33 (G3) fold, respectively.

Discussion
The application of humic acid as foliar application can
improve onion crop in response to treatments with low and
medium concentration. This study showed that the use of
humic acid up to 1000 mg L-1 influenced the vegetative
growth and production of onion mainly in high
concentration. In general, fresh weight of plant increased in
response to humic acid over the control. This could be
attributed to the increase in the vegetative growth (Number
of leaves, leaf length, leaf diameter, neck diameter, fresh
weight of leaves). Increasing vegetative growth of onion
with humic acid could improve photosynthetic activity of
this crop. Spraying plants with humic acid caused
significant increase in photosynthesis (Bettoni et al., 2014)
and total soluble sugars (Nardi et al., 2007; Ertani et al.,
2011; Parandian and Samavat, 2012). Humic acid have been
shown to stimulate plant growth and yield by acting on
mechanisms involved in physiological respiration by acting
as an activator, photosynthesis, protein synthesis, water and
nutrient uptake, cationic exchange capacity, enzyme
activities and antioxidant metabolism (Chen and Aviad,
1990; Chunhua et al., 1998; Fahramad et al., 2004;
Pereira et al., 2010; Klein et al., 2014). Rapid increase
in cell division and cell elongation in the meristematic
region were found in plants spread with humic acid
resulted in improving plant growth (Katkat et al., 2009;
Bettoni et al., 2012).
Number of roots and root length of onion plants were
also increased as a result of foliar applications of humic
acid. Stimulated root growth in onion could increase
nutrient absorption as a result of increasing surface area
of the root. The positive effect of humic acid on the
growth of root system (root length and root number) was
also shown by other crops grown at different conditions

Root Parameters
Humic acid application significantly affects root parameters
(number and length) per plant in compression with control
(Fig. 1F and G). A Higher level (1000 mg L−1) increased the
root growth compared with the lower levels. The highest
recorded value of length (14.3 cm) and number (60.8) of
roots per plants was obtained with 1000 mg L-1 which was
significantly greater than values at low dose of humic acid.
The increase in number of roots and root length were ~2.25
and ~1.88 fold, respectively.
Root number and length varied significantly among
different times of humic acid applications. The highest
number of roots were obtained from triple spray (59.3)
followed by double (46.9) whereas the lowest number (30)
was observed in single (Fig. 2F). Similar trend was obtained
for root length (Fig. 2G). Root length and root number
increased by 88.2% and 125.2% as a result of triple spray of
humic acid corresponding to single spray.
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Table 3: Analyses of variance for fresh weight of plant, number of leaves per plant, plant height, leaf length, neck diameter,
bulb diameter, bulb length, leaf diameter, number of roots, root length and fresh weight of leaf for onion crops in response
to rate and frequency of humic acid foliar applications
Source of variation

Fresh
Number Plant
Leaf
Neck
Bulb
Bulb
weight of of leaves height
length
diameter diameter length
plant (g)
per plant (cm)
(cm)
(cm)
(cm)
(cm)
Application Rate (R)
16996.6 ** 97.5 **
3278.5 ** 3137.2 ** 99.91 ** 235 **
60.4 **
Frequency of application (F) 390.7 **
40 **
155.3 ** 193.3 ** 10.54 ** 36.14 ** 11.1 **
R*F
24.6 NS
0.05 NS 7.6 NS
4.19 NS 0.09 NS 0.33 NS 0.12 NS
Replication
207.7 *
0.72 NS 13.5 NS 1.43 NS 0.31 NS 0.61 NS 0.71 NS
Error
61.6
0.77
23
14.68
0.54
0.53
1.53
C.V (%)
5.42
9.6
8.48
7.03
9.7
4.2
16.4
*, **, NS indicate significant difference at 5%, 1% probability level, and no significantly, respectively

Leaf
diameter
(cm)
44.32 **
2.19 **
0.03 NS
0.04 NS
0.14
7.46

Number
of roots

Root
length
(cm)
378.46 ** 17.4 **
5218.6 ** 205.66 **
25.3 NS 1.31 NS
2.1 NS
3.97 NS
17.4
2.59
9.18
14.2

Fresh
weight of
leaf(g)
786.9 **
15663.6 **
67.9 NS
61.1 NS
48.4
9.5

Fig. 1: Growth parameters of onion as affected by humic acid at different concentrations
(Atiyeh et al., 2002). The effect of humic acid on the
growth of roots (125.2% increase in number of roots)
were greater than shoots (88.7% increase in number of
leaves) indicating that greater recourse distribution
toward the roots (Nardi et al., 2002; Nikbakht et al.,

2008). Root dry mass increased by more than three times
with the application of humic substances in bean plants
treated with humic substances (Rosa et al., 2009). Chen
and Aviad (1990) attributed the growth promotion of
humic acid to the enhanced uptake of micronutrients.
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Fig. 2: Growth parameters of onion as affected by humic acid at different growth stages
Promotion in the nutrients uptake with the application of HA
has been reported by various researchers (Chen and Aviad,
1990; David et al., 1994; Adani et al., 1998; Sharif et al.,
2002). Humic acid increased the uptake of N, P, K, Mg and
Ca over the control (Nikbakht et al., 2008).

humic acid (G3) was better than double (G2) or single spray
(G1) in terms of having significantly higher number of
leaves, leaf length, leaf diameter, neck diameter, fresh
weight of leaves, root length and number, bulb length and
diameter and fresh weight of plants.

Conclusion

References

Humic acid can be easily applied to onion plants in the field.
Foliar application of humic acid significantly increased all
growth characters (i.e. Number of leaves, leaf length, leaf
diameter, neck diameter, fresh weight of leaves, root length
and number, bulb length and diameter and fresh weight of
plants) compared to untreated control plants. Among
different times of humic acid applications, Triple spray of

Adani, F., P. Genevini, P. Zaccheo and G. Zocchi, 1998. The effect of
commercial humic acid on tomato plant growth and mineral
nutrition. J. Plant Nutr., 21: 561–575
Akinci, S., T. Buyukkeskin, A. Eroglu and B.E. Erdogan, 2009. The effect
of humic acid on nutrient composition in broad bean (Viciafaba L.)
roots. Notulae Sci. Biol., 1: 81–87
Allison, S.D., 2006. Soil minerals and humic acids alter enzyme stability:
implications for ecosystem processes. Biogeochemistry, 81: 361–
373

1239

Al-Fraihat et al. / Int. J. Agric. Biol., Vol. 20, No. 5, 2018
Aminifard, M.H., H. Aroiee, H. Nemati, M. Azizi and Z.E.J. Hawa, 2012.
Fulvic acid affects pepper antioxidant activity and fruit quality. Afr.
J. Biotechnol., 11: 13179–13185
Atiyeh, R.M., S. Lee and C.A. Edwards, 2002. The influence of humic acids
derived from earthworm-processed organic wastes on plant growth.
Biores. Technol., 84: 7–14
Baldotto, L.E.B., M.A. Baldotto, V.B. Giro, L.P. Canellas, F.L. Olivares
and R. Bressan-Smith, 2009. Desempenho do abacaxizeiro
Vitóriaemresposta à aplicação de ácidoshúmicosdurante a
aclimatação. Revista Brasileirade Ciência do Solo, 33: 979–990
Barzegar, M., A. Rajabi, M.R. Hassandokht and A. Jabbari, 2008. Chemical
composition of different cultivars of onion (Allium cepa L.) produces
in Iran. Hortic. Environ. Biotechnol., 49: 121–127
Bernardes, J.M., J.M.R. Reis and J.F. Rodrigues, 2011. Efeito da aplicaçao
de substânciahumicaemmudas de tomateiro. Global Sci. Technol., 4:
92–99
Bettoni, M.M., A.F. Mogor, V. Pauletti and N. Goicoechea, 2014. Growth
and metabolism of onion seedlings as affected by the application of
humic substances: mycorrhizal inoculation and elevated CO2. Sci.
Hortic., 180: 227–235
Bettoni, M.M., A.F. Mógor, V. Pauletti, V.C.P. da Silva, R. Koyama and
L.Y.F. Peñuela, 2012. Agronomic performance of cultivars of
organic onion in two harvest times. Idesia, 30: 11–18
Calvo, P., L. Nelson and J.W. Kloepper, 2014. Agricultural uses of plant
biostimulants. Plant Soil, 383: 3–41
Canellas, L.P., F.L. Olivares, A.L. Okorokova-Façanha and A.R. Façanha,
2002. Humic acids isolated from earthworm compost enhance root
elongation, lateral root emergence: and plasma membrane H+ATPase activity in maize roots. Plant Physiol., 130: 1951–1957
Chen, Y. and T. Aviad, 1990. Effects of humic substances on plant growth.
In: Humic Substances in Soil and Crop Science: Selected Readings,
pp: 161–186. McCarthy, P., C.E. Clapp, R.L. Malcom and P.R.
Bloom (eds.). Madison, WI: SSSA and ASA
Chen, Y., C.E. Clapp and H. Magen, 2004. Mechanisms of plant growth
stimulation by humic substances: The role of organo-iron complexes.
Soil Sci. Plant Nutr., 50: 1089–1095
Chen, X., M. Kou, Z. Tang, A. Zhang, H. Li and M. Wei, 2017. Responses
of root physiological characteristics and yield of sweet potato to
humic acid urea fertilizer. PLoS One, 12: e0189715
Chunhua, L., R.J. Cooper and D.C. Bowman, 1998. Humic Acid
Application Affects Photosynthesis, Root Developmentm and
Nutrition Content of Creeping Bentgrass. Hortic. Sci., 33: 1023–
1025
Daur, I. and A. Bakhashwain, 2013. Effect of humic acid on growth and
quality of maize fodder production. Pak. J. Bot., 45: 21–25
David, P.P., P.V. Nelson and D.C. Sanders, 1994. A humic acid improves
growth of tomato seedling in solution culture. J. Plant Nutr., 17:
173–184
Doran, I., C. Akinci and M. Yildirim, 2003. Effects of delta humate applied
with different doses and methods on yield and yield components of
Diyarbakir-81 wheat cultivar. In: Proceedings of 5th Field Crops
Congress, pp: 530–534. Diyarbakir, Turkey
El-Desuki, M., 2004. Response of onion plants to humic acid and mineral
fertilizers application. Ann. Agric. Sci. Moshtoho, 42: 1955–1964
El-Hefn, E.M., 2010. Effect of saline irrigation water and humic acid
application on growth and productivity of two cultivars of cowpea
Viginaunguiculata L. Aust. J. Basic Appl. Sci., 4: 6154–6168
El-Sayed Hameda, E.A., A. Saif El Dean, S. Ezzat and A.H.A. El Morsy,
2011. Responses of productivity and quality of sweet potato to
phosphorus fertilizer rates and application methods of the humic
acid. Int. Res. J. Agric. Sci. Soil Sci., 1: 383–393
Ertani, A., O. Francioso, V. Tugnoli, V. Righi and S. Nardi, 2011. Effect of
commercial lignosulfonate-humate on Zea mays L. metabolism. J.
Agric. Food Chem., 59: 11940–11948
FAOSTAT, 2015. Food and Agricultural Organization of the United
Nations, Rome, Italy
Fahramand, M., H. Moradi, M. Noori, A. Sobhkhizi, M. Adibian, S.
Abdollahi and K. Rigi, 2014. Influence of humic acid on increase
yield of plants and soil properties. Int. J. Farming Allied Sci., 3 :
339–341.

Fu Jiu, C., Y. Dao Qi and W. QuingSheng, 1995. Physiological effects of
humic acid on drought resistance of wheat. Yingyong Shengtai
Xuebao, 6: 363–367
Gulser, F., F. Sonmez and S. Boysan, 2010. Effects of calcium nitrate and
humic acid on pepper seedling growth under saline condition. J.
Environ. Biol., 31: 873–876
Katkat, A.V., H. Celik, M.A. Turan and B.B. Asik, 2009. Effects of soil and
foliar applications of humic substances on dry weight and mineral
nutrients uptake of wheat under calcareous soil conditions. Aust. J.
Basic Appl. Sci., 3: 1266–1273
Khaled, H. and H.A. Fawy, 2011. Effect of different levels of humic acids
on the nutrient content, plant growth, and soil properties under
conditions of salinity. Soil Water Res., 6: 21–29
Klein, O.I., E.P. Isakova and Y.I. Deryabina, 2014. Humic substances
enhance growth and respiration in the Basidiomycetes Trametes
Maxima under carbon limited conditions. J. Chem. Ecol., 40: 643–652
Lima, A.A., M.A.R. Alvarenga, L. Rodrigues and J.G. Carvalho, 2011.
Concentração foliar de nutrientes e produtividade de
tomateirocultivado sob diferentessubstratos e doses de
ácidoshúmicos. Hortic. Brasileira, 29: 63–69
Mahanthesh, B., M.R.P. Sajjan, M.Harshavardhan, Vishnuvardhana and G.
Janardhan, 2008. Evaluation of different onion (Allium Cepa L.)
genotypes for yield and processing quality parameters in kharif
season under irrigated condition. Asian J. Hortic., 3: 5–9
Mahmoud, A.R. and M.M. Hafez, 2010. Increasing productivity of potato
plants (Solanum tuberosum, L) by using potassium fertilizer and
humic acid application. Int. J. Acad. Res., 2: 83–88
Nardi, S., D. Pizzeghello, A. Muscolo and A. Vianello, 2002. Physiological
effects of humic substances on higher plants. Soil Biol. Biochem., 34:
1527–1536
Nardi, S., A. Muscolo, S. Vaccaro, S. Baiano, R. Spaccini and A. Piccolo,
2007. Relationship between molecular characteristics of soil humic
fractions and glycolytic pathway and krebs cycle in maize seedlings.
Soil Biol. Biochem., 39: 3138–3146
Nasreen, S., M.M. Haque, M.A. Hossain and A.T.M. Farid, 2007. Nutrient
uptake and yield of onion as influenced by nitrogen and sulphur
fertilization. Bangladesh J. Agric. Res., 32: 413–420
Neri, D., E.M. Lodolini, G. Savini, P. Sabbatini, G. Bonanomi and F.
Zucconi, 2002. Foliar application of humic acid on strawberry (cv.
Onda). Proc. 1S on foliar nutrient. Acta Hortic., 594: 297–302
Nikbakht, A., M. Kafi, M. Babalar, Y.P. Xia, A. Luo and N.A. Etemadi,
2008. Effect of Humic Acid on Plant Growth, Nutrient Uptake, and
Postharvest Life of Gerbera. J. Plant Nutr., 31: 2155–2167
Ohta, K., S. Morishitai, K. Sudai, N. Kobayashii and T. Hosoki, 2004.
Effects of chitosan soil mixture treatment in the seedling stage on the
growth and flowering of several ornamental plants. J. Jpn. Soc.
Hortic. Sci., 73: 66–68
Oliveira Aguiar, N.D., L.P. Canellas, L.B. Dobbss, D.B. Zandonadi, F.L.
Olivares and A.R. Façanha, 2009. Distribuiçao de massa molecular
de acidoshumicos e promoçao do crescimento radicular. Rev. Bras.
Ciência do Solo, 33: 1613–1623
Ortiz, J.C.R., C. Osti, J.A.A. Jauregui, L.B. Sanchez, J.D.J.T. Goné, C.V.
Morales and J.L.G. Hernandez, 2010. Efecto de dosis y momento de
aplicacion de lombricomposta en la produccon de cebollita chambray
(Allium cepa). Agrofaz, 10: 99–106
Padmini, K., Veere, R. Gowda and L.B. Naik, 2007. Studies on parental
synchronization in flowering for hybrid seed production in onion
(Allium cepa L.). J. Hortic. Sci., 2: 47–49
Parandian, F. and S. Samavat, 2012. Effects of fulvic and humic acid on
anthocyanin, soluble sugar, α-amylase enzyme and some micronutrient
elements in Lilium. Int. Res. J. Appl. Basic Sci., 3: 924–929
Pereira, P.C., B.D. Melo, R.S.D. Freitas, M.A. Tomaz and C.D.J.P. Freitas,
2010. Mudas de tamarindeiro produzidas em diferentes niveis de
material organic adicionada ao substrato. Revista Verde, 5: 152–159
Primo, D.C., R.S.C. Menezes and T.O. Silva, 2011. Substâncias humicas da
material orgânica do solo: uma revisao de técnicas analiticas e
estudos no nordeste brasileiro. Sci. Plena, 7: 1–13
Rajpar, I., M. Bhatti, Z. Hassan and A. Shah, 2011. Humic acid improves
growth, yield and oil content of Brassica compestris L. Pak. J. Agric.
Eng. Vet. Sci., 27: 125–133

1240

Improving Onion Production using Humic Acid / Int. J. Agric. Biol., Vol. 20, No. 5, 2018
Rosa, C.M.D., R.M.V. Castilhos, L.C. Vahl, D.D. Castilhos, L.F.S. Pinto,
E.S. Oliveira and O.D.A. Leal, 2009. Efeito de substâncias humicas
na cinética de absorçao de potassio, crescimento de plantas e
concentraçao de nutrients em Phaseolus vulgaris L. Rev. Bras.
Ciência do Solo, 33: 959–967
SAS, 2002. SAS user's guide: Statistics version 9 for windows. SAS
Institute. Carry, North Carolina, USA
Schiavon, M., D. Pizzeghello, A. Muscolo, S. Vaccaro, O. Francioso and S.
Nardi, 2010. High molecular size humic substances enhance
phenylpropanoid metabolism in maize (Zea mays L.). J. Chem.
Ecol., 36: 662–669
Selladurai, R. and T.J. Purakayastha, 2016. Effect of humic acid
multinutrient fertilizers on yield and nutrient use efficiency of potato.
J. Plant Nutr., 39: 949–956
Sharif, M., R.A. Khattak and M.S. Sarir, 2002. Effect of different levels of
lignitic coal derived humic acid on growth of maize plants. Commun.
Soil Sci. Plant Anal., 33: 3567–3580

Singh, D. and V. Bahadur, 2007. Effect of various nursery media on onion
seedlings development. J. Hortic. Sci., 2: 162–163
Suganya, S. and R. Sivasamy, 2006. Moisture retention and cation exchange
capacity of sandy soil as influenced by soil additives. J. App. Sci.
Res., 2: 949–951
Ulukan, H., 2008. Effect of soil applied humic acid at different sowing
times on some yield components in wheat (Triticum spp.) hybrids.
Int. J. Bot., 4: 164–175.
Tyagi, A.K. and S.K. Yadov, 2007. Effect of growth regulators on growth
and yield of onion (Allium cepa L.) cv. Pusa Red. Plant Arch., 7:
371–372
Zandonadi, D.B., L.P. Canellas and A.R. Façanha, 2007. Indolacetic and
humic acids induce lateral root development through a concerted
plasmalemma and tonoplast H+ pumps activation. Planta, 225:
1583–1595
(Received 29 December 2017; Accepted 04 January 2018)

1241

