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Abstract: A series of lab and field experiments were carried out to evaluate
the possibility of using some substances as adjuvants added to the foliar ferti-
lizer tank to improve fertilizer application and use efficiency. Each of the
suggested substances was prepared in 10 concentrations treatments, ranging
between 0.05 and 2g/L. The effect of each concentration on static surface
tension and static contact angle in liquid/air/glass and solid plant leaves/air
interface were used to evaluate and find out the optimum concentration of
each substance to be used as adjuvant. An Adjmix-D1 was prepared using
0.6g/L Triethanolamine and 0.6¢/L liquid soap as surfactants, 0.6g/L glycer-
in as a humectant, 0.6 g/L Arabic gum as a sticker and 0.6g/L urea as a pene-
trator. The obtained results showed that fruit yield as well as N, K, Fe, Zn
and Mn contents in white eggplants and cucumber leaves are positively in-
creased by the applications of improved foliar fertilizers (IFF). This increase
can be arranged in the following descending order: Adjmix-D1 > Adjmix-D2
> Liquid soap > Rixi film > Triethanolamine. It could be concluded that the
Adjmix-D1 can be used as an effective adjuvant for improving foliar fertiliz-

er application efficiency.

1 Introduction

Several methods were recently used in deliv-
ering nutrients for plants including soil and foliar
methods. Foliar nutrition is considered as one of
the most common methods, which is used to de-
liver the needed nutrients to plants in adequate
concentrations and improve plant nutritional sta-
tus as well as increase the crop yield and its quali-
ty (Smolen 2012). The fertilizer management is
very important due to its role in plant growth and
development beside its biochemistry as well as in
controlling plant diseases (Dordas 2009).

The applied nutrients can enter the leaves
through many steps by penetrating the cuticle or
entering through the stomata before entering the
plant cell where they are used in metabolism
(Oosterhuis and Weir 2010).

The main dilemma of foliar nutrients application is
that the waxy cuticle, covering the surfaces of all plant
foliage, as an effective barrier to the penetration of
exogenous chemicals into the underlying tissues (Mar-
tin and Juniper 1970). Thus, it is apparent that many
of the principles of formulation employed with foliar-
applied systemic pesticides also may be used to ad-
vantage for foliar fertilizer application (Price 1982).
The most common way of improving the interaction
of spray droplets and plant leaf surface is by modify
the surface tension of the droplet. Congreve (2019)
mentioned that droplets with a high surface tension
bounce off target surfaces, while those with a low sur-
face tension tend to spread on contact and retained.

The ability of foliar sprays to stick to leaves is
essential to enable uptake of nutrients. Many plant
species showed to have low wettability due to leaf
surface roughness, which caused, by waxes and hairs
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(De Ruiter et al 1995). To overcome these issues,
adjuvants including surfactant to improved leaf
wetting, Sticker to minimize fertilizer wash off
and Humectant to prolong the time of nutrients
absorption are often added to spray tank (Fernan-
dez and Eichert 2009). A large number of adju-
vants are commercially available for use in com-
bination with agrochemicals, however their effec-
tiveness with foliar applied fertilizers is often un-
known (De Assuncao et al 2019).

It has been also suggested to use a surfactant
as an adjuvant for improving wetting properties of
foliar fertilizer on leaves (i.e., low surface tension
and low contact angle), which might increase the
rate of uptake of foliar-applied fertilizers (Fernan-
dez and Eichert 2009). It follows that poorer wet-
ting (higher surface tension and contact angles)
will result in lower uptake rates of the nutrients
from different fertilizer formulations. Even though
addition of an adjuvant will increase the surface
area of the sprayed solution, there seems to be an
optimal concentration for both economic and ef-
fective coverage (Rasmussen 2016).

In fact, effective spray applications are re-
quired to help in reducing the operational costs
with adequate spraying coverage for large acreage
operations. By adding adjuvants to the spray solu-
tion, the droplet dispersion on leaf surfaces as
well as the surface area of the droplets might in-
crease, creating larger coverage area per volume.
This larger surface area can also increase the
evaporation speed of the solution through the heat
exchange between the environment and the plant,
but the plant will have a greater opportunity to
absorb the solution before evaporation (Ortiz et al
2007).

The main purpose of this investigation is to
evaluate the ability of some selected substances to
act as adjuvants (that improve the performance of
foliar fertilizers) can be added to foliar fertilizer
tank (six-laboratory grade and two commercial) in
order to improve nutrients use efficiency by
plants. The subsequent short-term uptake of foliar
applied N, K, Fe, Zn and Mn as a reflection of
foliar fertilizer use efficiency are taken under con-
sideration.

2 Materials and Methods

A series of lab and field experiments were car-
ried out to evaluate the possibility of using some
substances as adjuvants added to the foliar ferti-
lizer tank for improving foliar fertilizers applica-
tion and use efficiency.

2.1 Suggested substances as adjuvants

The suggested adjuvants included Triethanolamine
(TEA), liquid soap (prepared by mixing 7 parts of cot-
ton seed oil with 1 part of KOH and 10 parts of H20)
as surfactants, glycerin as a humectant, Arabic gum,
molasses as stickers and urea as a penetrator. Citric
acid used to adjust the pH of the final foliar fertilizer
solution to about seven. Camina red food color is also
used in 0.1g/L to make the spray solution clearer in
vision. Rixi film (25% Sodium laurele ether sulfate) is
used as a commercial adjuvant for comparison. Each
of the suggested substance was prepared in 10 concen-
trations treatments, i.e., 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1,
1.25, 1.5, and 2¢/L. The effect of each concentration
on static surface tension (SST) and static contact angle
(SCA) in liguid/air/glass and solid plant leaf/air inter-
face were used to evaluate and find out the optimum
concentration of each substance to be used as an adju-
vant which had the highest effects on reducing SST
and SCA.

The optimum concentrations of the suggested six
substances mixed each alone or in combination with
the final foliar fertilizer solution tank in addition to the
pH adjuster and color were all determined. The com-
mercial adjuvant (Rixi film) and pure water were also
used by mixing each alone with the final foliar ferti-
lizer solution tank as control treatments without any
other additives. The SST was determined at room
temperature using drop weight method as described by
Soni (2019) and by using capillary tube method de-
scribed by Harkins and Brown (2019). The SCA was
measured using a smart cellphone as described by
Lamour and El-Hamraoui (2010). The SCA measure-
ments were made on the adaxial (top) side of leaves
taken at vegetative stage of white eggplants and cu-
cumber plants as varied in their leaf surface rough-
ness.

2.2 Field experiments using improved foliar ferti-
lizers

Two field trails were conducted on clay loam soils
at Aboelnaga, Basos, Qaluobia Governorate at the lo-
cation of (30° 07”4 8.6°” N, 31° 13’ 40.5”” E) for cu-
cumber and in Elmanawat, Aboelnomros, Giza Gov-
ernorate at the location of (29.9° 17.1° 95.0°° N, 31.2°
45.7° 75.0” E) for white eggplants. Crops in these
locations were irrigated by surface flooding irrigation
system using fresh water delivered from River Nile
(EC is about 0.43 dS/m). All field experiments were
designed and statistically analyzed in complete ran-
domized block design.
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Un-improved foliar fertilizer (UIFF) alone or
in combination with the suggested adjuvants
treatments were used for improving foliar fertiliz-
er (IFF) in addition to control treatments either
Rixi film and pure water were sprayed weekly for
4 times in sequence applications on the test plants
using low pressure sprayer. The first applications
of IFF or UIFF and control treatments were be-
ginning just before fruiting stages of each crop.
No negative interaction was observed between
any of the suggested adjuvants with foliar fertiliz-
ers.

Crop types, cultivars, dates of Planting, dates
of the applications of foliar fertilizer treatments
and age of plants at each crop harvesting or leaves
sampling are presented in Table 1. Chemicals
used for preparing the stock solutions of the dif-
ferent foliar fertilizer’s formula (K1, K1.5, K2 and
K3) are shown in Table 2. Nutrient contents in the
final foliar fertilizers solutions at using two cm?/I
from the stock solutions are presented in Table 3.

To evaluate the effects of the IFF on nutrients
use efficiency, foliage plant samples were collect-
ed after one week from each application of the
improved and UIFF. The collected plant foliage
was prepared for chemical analyses to determine
N, K, Fe, Zn, Mn contents using methods de-
scribed by Benton (2001).

3 Results and Discussion

3.1 Effects of the suggested adjuvants on static
surface tension

Results in Table 4 indicated that the lowest
values of SST determined by drop weight method
were 45.4, 19.7, 48.2, 50.1, 49.3 and 51.0 N/m at
33°C for TEA, liquid soap, glycerin, Arabic gum,
molasses and urea. These lowest values of surface
tension taken at the concentrations of 0.6, 1.0, 0.6,
1.0, 0.8 and 0.8g/L respectively. The lowest value
of surface tension for the commercial adjuvants
(Rixi film) was 28.8 N/m at the concentrations of
0.4g/L respectively. SST value of pure water de-
termined under similar conditions was 74.7 N/m
at 33°C.

These results are in agreement with that of Tu
and Randall (2003) who mentioned that surfac-
tants are the most widely used products of the
chemical industry and probably the most im-
portant group of all adjuvants for foliar applica-
tion. However, the most common types of activa-

tor adjuvants are surfactants (Penner 2000) such as
TEA, liquid soap. Due to the special structure of sur-
factants, their presence at the surface is more benefi-
cial, and therefore the surface tension can be efficient-
ly reduced (Rosen and Kunjappu 1989). The term
‘surfactant’ derived from ‘surface active agent’ and
should not be mixed-up with the term ‘adjuvant’ since
adjuvants are not limited to surfactants (Penner 2000).

Data in Table 5 show the effects of the different
suggested adjuvants concentrations on the average
values of SST determined by drop weight method and
capillary tube methods in N/m. Results indicated that
the lowest values of SST were determined by capillary
tube method were 43.1, 20.4, 41.0, 37.5, 27.4 and 60.2
N/m at 25°C for TEA, liquid soap, glycerin, Arabic
gum, molasses and urea respectively.

These lowest values of SST were taken at the con-
centrations of 0.6, 0.8, 0.6, 0.8, 0.8 and 0.8g/L respec-
tively. The lowest value of SST for the commercial
adjuvant (Rixi film) was 15.9 N/m at the concentration
of 0.6g/L. SST value of pure water was 72.3 N/m at
25°C. It worthy to mentioned that the SST value de-
termined by drop weight method at 33°C was higher
than that determined by capillary tube method at 25°C
by about 12.6%. In spite this difference, similar trends
observed for the effect of adjuvant treatments on SST
values particularly the concentrations of each adjuvant
at the lowest values of SST. This result agrees with
that of Park et al (1999) who found a linear relation-
ship between SST and temperature. Where, similar
trend with very little differences observed between
SST values determined by drop weight method (Table
4) and capillary tube method (Table 5). The average
of both values to represent the effects of different sug-
gested adjuvants for improving foliar fertilizer on its
SST values was taken under consideration. Therefore,
it observed that the average lowest SST values taken
at concentrations of 0.6, 0.8, 0.6, 0.8, 0.8, 0.8, and
0.6g/L for TEA, liquid soap, glycerin, Arabic gum,
molasses, urea and Rixi film. The corresponding aver-
age values obtained for SST were 43.1, 20.4, 41.0,
37.5, 27.4, 60.2 and 15.9 N/m respectively. The aver-
age value of SST for pure water was 73.5 N/m. These
results are in agreement with that observed by Chen et
al (2018).

The high SST values of urea, glycerin, Arabic gum
and molasses even at the lowest SST values compar-
ing with that of the tested commercial adjuvant (Rixi-
film) was expected. The reason could be that not all
these tested adjuvants acted as surfactants for increas-
ing fluid spreading rate but act as a penetrator, humec-
tant, and sticker respectively. However, these differ-
ences may be attributed to the unknown components
of such commercial adjuvants which may contains
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Table 1. Crop types and cultivars, planting date, date of foliar fertilizer treatments applications, date of fruit crop har-
vesting, and the foliar fertilizer (FF) formula used

Crop types Planting Beginning date Sampling time, dates and plant ages
and cultivar dates of the 15t Spray of
FF 1 2 3 4
White eggplants 5-3-2020 14-5-20 at 21-5-20 28-5-20 4-6-20 11-6-20
Apastra CV. 70 days old 77 days 84 days 91 days 98 days
FF formula *K2 K3 K3 K3
Cucumber 26-8-2020 4-10-20 at 11-10-20 18-10-20 | 25-10-20 1-11-20
Hayel CV. 59 days old 46 days 53 days 60 days 67
FF formula K15 K2 K3 K3

* K1.5, K2 and K3 are K;O:N ratios in FF’s, i.e. 1:1, 1:1.5, 1:2 and 1:3 respectively

Table 2. Chemicals used for preparing the stock solutions of the different used foliar fertilizers formulae

Foliar Fert’s | AN | KN | Mgs | Fs | zs | ms | N | ko [ Mgo | Fe | zn | mn
formulae g/L in stock foliar fertilizer solutions g/L in stock foliar fertilizer solutions
K15 2.9 4.3 0.6 1.9 0.9 09 | 100 | 188 7.20 2.06 0.95 | 1.04
K2 2.6 5.2 0.5 1.8 0.9 09 | 681 | 227 6.52 2.00 0.95 | 1.06
K3 2.0 5.9 0.4 1.8 0.9 09 | 1.79 | 256 4.91 1.99 0.89 | 1.00

AN: Ammonium nitrate (33% N), KN: Potassium nitrate (13% N, 46% K;0), MgS: Magnesium sulfate (16.8% MgO),
FS: Iron sulfate (18.2 Fe), ZS: Zinc sulfate (19.9% Zn), MS: manganese sulfate (17.7% Mn).

Table 3. Nutrient contents in the final foliar fertilizers solutions

N | ko | mMgo]| Fe | zn | mn

Foliar Fert’s N/K20/MgO/Fe/Zn/Mn Ratios Nutrient concentrations in the final FF solutions
formulae using 2 cm®/L
K1.5 1/1.5/0.2/0.1/0.05/0.05 58 86 115 3.7 1.9 1.8
K2 1/2/0.2/0.1/0.05/0.05 52 104 104 3.6 1.9 1.9
K3 1/3/0.2/0.1/0.05/0.05 39 118 7.8 3.6 1.8 1.8

Table 4. Effects of the different adjuvant concentrations suggested for improving foliar fertilizer on SST determined by
drop weight method at 33°C in kg/S2.

Adjuvant Adjuvants suggested for improving foliar fertilizers SST at
Conc. g/L TEA Liquid soap | Glycerin | Arabic gum | Molasses Urea Rixi film 33°C
Pure water 74.7 74.7 74.7 74.7 4.7 74.7 74.7 74.7
0.05 56.6 411 53.0 54.5 52.0 57.0 57.1 53.2
0.1 46.1 40.9 52.1 56.4 50.4 54.8 55.2 50.2
0.2 45.7 425 48.5 50.5 52.0 53.4 47.1 47.5
0.4 47.3 28.7 48.5 50.7 52.4 54.2 28.8 43.3
0.6 45.4 24.0 48.2 50.8 52.4 54.7 29.2 42.3
0.8 47.6 21.6 48.2 51.1 49.3 51.0 29.3 415
1.0 46.6 19.7 49.0 50.1 55.8 53.6 29.3 42.4
1.25 46.2 19.9 49.0 50.4 55.4 53.3 28.9 42.1
15 45.9 19.8 49.6 50.5 57.8 54.0 29.7 42.7
2.0 45.6 20.0 50.6 50.3 54.1 53.6 29.4 42.2
Mean 47.3 27.8 49.7 51.5 53.2 53.9 36.4 44.7
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Table 5. Effects of the different adjuvant concentrations suggested for improving foliar fertilizer on SST determined by

capillary tube method at 25°C in N/m

Adjuvant Adjuvants suggested for improving foliar fertilizers SST at

Conc. a/L TEA Liguid soap Glycerin | Arabic gum | Molasses Urea Rixi film | 25°C

Pure water 72.3 72.3 72.3 72.3 72.3 72.3 72.3 72.3
0.05 48.8 40.3 54.4 51.0 53.3 61.8 23.8 44.7
0.10 48.8 40.8 48.8 51.1 57.9 69.8 21.5 44.9
0.20 46.5 40.0 43.1 40.8 40.9 69.2 20.4 40.6
0.40 47.7 30.6 43.1 46.0 40.9 66.4 20.4 39.0
0.60 43.1 22.1 41.0 40.8 34.1 64.8 15.9 35.1
0.80 49.4 20.4 52.3 375 27.4 60.2 17.0 35.9
1.00 49.4 20.4 47.8 47.8 34.1 69.4 17.0 38.0
1.25 49.4 20.4 43.3 42.7 36.5 68.8 17.0 37.0
1.50 51.1 21.1 43.2 41.0 38.8 69.5 18.2 38.3
2.00 54.6 22.1 43.3 39.3 41.2 65.6 17.0 37.7
Mean 48.9 27.8 46.0 43.8 40.5 66.5 18.8 39.1

several surfactants acting together in reducing
SST and in consequently increasing spreading rate
of fluids on solid surfaces.

In general, all the suggested adjuvants can
used to improve foliar fertilizers has lower SST
values comparing with that of pure water (Prado
et al 2016). The calculated net reduction in SST of
the tested adjuvants comparing with that of pure
water were about 42, 62, 45, 35, 27, 12.1 for TEA,
liquid soap, glycerin, Arabic gum, molasses and
urea respectively. The net reduction in SST more
pronounced for liquid soap than the other adju-
vants or even the commercial adjuvants under in-
vestigation.

3.2 Effects of the suggested adjuvants on static
contact angle

The SCA measurements made on the adaxial
(top) side of leaves taken at vegetative stage of
white eggplants and cucumber plants varied in
leaf surface roughness. Results presented in Table
6 revealed that the lowest SCA values at air/glass
interface were observed at concentrations of 0.4,
0.4, 0.6, 0.4, 0.4, 0.6 and 0.4g/L for TEA, liquid
soap, glycerin, Arabic gum, molasses, urea and
Rixi film, respectively. The corresponding values
of contact angle were 15.0, 14.8, 15.8, 14.3, 15.1,
17.3 and 15.7° at 25°C in the same order.

The lowest SCA values for Air/eggplant leaf
interface were 20.6, 16.9, 14.2, 22.1, 18.9, 23.4
and 13.6° at concentrations of 0.4, 0.6, 0.6, 0.4,
0.8, 0.6 and 0.4g/L respectively, and for
Air/cucumber leaf interface were 22.8, 15.7, 27.6,
25.9, 19.7, 23.2 and 14.3° at concentrations of 0.8,
0.8, 0.8, 0.6, 0.6, 0.8 and 0.6g/L for cucumber

using TEA, liquid soap, glycerin, Arabic gum, molas-
ses, urea and Rixi film respectively. These results are
in agreement with that obtained by Santos et al (2019).

It could be concluded that the efficiency of adju-
vant concentration in reducing SCA and in conse-
quently increase spreading rate of foliar fertilizers
sprayed on plant foliage are more pronounced for
white eggplants than for cucumber. This is a fact even
for the commercial adjuvant under investigation (Rixi-
film).

This may ascribed to the high roughness of cu-
cumber leaves comparing with that of white eggplants.
Nairn et al (2013) reported that despite no standard-
ized method for quantifying leaf surface roughness has
yet been established, it is well known that surface
roughness is a dominant factor in spray droplet adhe-
sion. However, droplet spreading generally decreases
with increasing leaf roughness (Gaskin et al 2005).
Hence, the ability of foliar sprays to stick to leaves is
essential to enable uptake of nutrients. Many plant
species including wheat have been shown to have low
wettability due to leaf surface roughness which caused
by waxes and hairs (De Ruiter et al 1995).

Data in Table 7 summarized the highly effective
adjuvants concentrations in reducing SST and SCA
under different conditions taken from Tables 4, 5 and
6. These concentrations used to prepare adjuvants
mixtures for improving the efficiency of foliar fertiliz-
ers.

According to the average of the effective adju-
vant’s concentrations shown in Table 7, two adjuvant
mixture were prepared to consist of some adjuvants
act as surfactant, humectant, sticker and penetrator as
follow: Adjmix-D1 contains 0.6g/L TEA and 0.6g/L
liquid soap as surfactants, 0.6g/L glycerin as a humec-
tant, 0.6g/L Arabic gum as a sticker and 0.6 g/L urea
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Table 6. Effects of different adjuvant suggested for improving foliar fertilizers on contact angle of adjuvant and glass,
white eggplants, and cucumber leaf interface

Adjuvant Adjuvant treatments
Concentrations | TEA | Liguidsoap | Glycerin | Arabicgum | Molasses | Urea [ Rixifilm

g/L Contact angle Air/glass interface in degree (°)

0.05 16.4 25.7 17.4 17.4 16.9 28.2 16.1
0.1 15.9 25.7 18.0 15.1 15.6 25.4 17.2
0.2 15.7 23.6 18.9 18.5 18.4 24.6 20.9
0.4 15.0 14.8 17.5 14.3 15.1 26.1 15.7
0.6 15.0 15.3 15.8 16.8 16.6 17.3 16.1
0.8 19.1 16.8 16.6 17.9 15.4 21.5 22.9
1.0 18.5 17.0 18.4 19.2 18.2 21.1 16.8
1.25 16.0 18.8 21.8 18.0 16.1 25.7 16.8
15 17.6 23.8 17.2 19.4 155 22.5 23.5
2.0 19.1 15.3 16.1 18.2 16.0 29.7 20.2

Contact angle of Air/Eggplant leaf interface in degree (°)
0.05 27.4 31.1 23.8 31.6 24.4 23.9 24.1
0.1 27.3 32.3 21.0 26.2 30.6 21.7 22.4
0.2 25.1 25.6 29.8 22.9 32.1 30.5 23.5
0.4 20.6 24.1 15.5 22.1 30.5 28.0 13.6
0.6 21.8 16.9 14.2 24.7 23.9 23.4 15.8
0.8 26.7 23.4 14.6 28.1 18.9 27.1 17.1
1.0 25.9 31.2 15.7 27.6 20.1 29.9 19.0
1.25 23.5 20.7 19.3 33.7 24.7 23.8 16.1
1.5 28.1 24.2 20.7 24.1 25.7 23.7 15.3
2.0 25.0 31.3 21.4 26.7 24.6 25.4 155
Contact angle of Air/Cucumber leaf interface in degree (°)

0.05 32.3 35.7 30.1 32.7 29.1 20.5 30.2
0.1 32.1 25.8 29.6 32.1 26.9 31.0 25.1
0.2 27.3 21.7 33.5 30.5 22.8 28.1 25.2
0.4 25.5 19.7 28.4 21.7 22.2 24.8 22.3
0.6 26.6 17.9 28.1 25.9 19.7 25.7 14.3
0.8 22.8 15.7 27.6 27.0 21.2 23.2 25.1
1.0 27.0 17.9 31.3 26.8 24.6 23.3 25.2
1.25 29.9 17.8 30.2 35.0 20.1 25.3 18.8
1.5 32.6 17.2 29.5 31.9 22.8 27.4 22.2
2.0 26.7 16.7 27.8 29.5 23.9 30.3 26.1

Table 7. Summary of the highly effective adjuvants concentrations in reducing SST and SCA under different conditions

Adjuvant treatments
Treatments TEA Liquid soap | Glycerin Arabic gum Molasses Urea Rixifilm
Effective adjuvants concentrations in reducing of SST and contact angle - g/L
ST at 33°C 0.6 1.0 0.6 1.0 0.8 0.8 0.4
ST at 25°C 0.6 0.8 0.6 0.8 0.8 0.8 0.6
CA iriGlass 0.4 0.4 0.4 0.4 0.4 0.6 0.4
CAir/eggplant 0.4 0.6 0.6 0.4 0.8 0.6 0.4
CA iricucumber 0.8 0.8 0.8 0.6 0.6 0.8 0.6
Mean 0.56 0.72 0.60 0.64 0.68 0.72 0.48
The suggested adjuvant mixtures suggested to use for improving foliar fertilizers — g/L
Adjmix-D1 0.6 0.6 0.6 0.6 - 0.6 -
Adjmix-D2 0.6 0.6 0.6 - 0.6 0.6 -
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as a penetrator in addition to Adjmix-D2 contains
0.6g/L TEA and 0.6g/L liquid soap as surfactants,
0.6¢/L glycerin as a humectant, 0.6g/L Molasses
as a sticker and 0.6¢/L urea as a penetrator.

To evaluate the efficiency of using the sug-
gested adjuvants each alone or in combination as
Adjmix-D1 and Adjmix-D2 for improving foliar
fertilizers, a series of field experiments were car-
ried out by spraying some vegetable crops weekly
for 3 to 4 sequence applications. The tested plants
sprayed with the tested adjuvants each alone or in
combination as Adjmix-D1 or Adjmix-D2 with its
optimum concentration to evaluate its efficiency
on nutrients contents and crop yield.

3.3 Effects of the improved foliar fertilizers
(IFF) on some nutrient’s contents

White eggplants plants sprayed with foliar fer-
tilizers improved by mixing with the recommend-
ed concentrations of the suggested adjuvants each
alone or in combinations as Adjmix-D1 and
Adjmix-D2. Concerning the changes in nutrients
contents in white eggplant leaves at the different
sampling periods along to growth stage. The ef-
fects of the tested adjuvants used for improving
foliar fertilizers each alone or in combination
(Adjmix-D1 and Adjmix-D2) added in four se-
guence applications on some nutrient contents in
white eggplants and cucumber leaves and its rela-
tive effects to that of the first date of sampling
=100 is presented in Tables 8 and 9, respectively.

Data in Table 8 show some nutrient contents
in white eggplants leaves as affected by IFF in
four sequences applications relative to that of the
first date of harvesting (i.e., 21-5-2020) equal 100.

Results revealed that the increases in the rela-
tive N and K contents in eggplant leaves during
the four sequence foliar fertilizer applications
ranged between 111 and 114% for N and 106 and
124% for K. Similar increases also observed for
Fe, Zn and Mn contents in white eggplant leaves
as affected by the improved foliar fertilizer (IFF)
as shown in Table 8. These increases ranged
between 109 and 117% for Fe, 107 and 126% for
Zn and 113 and 128% for Mn relative to the first
sampling equal 100.

Data in Table 9 show some nutrient contents
in cucumber leaves as affected by IFF in four se-
guences applications relative to that of the first
date of harvesting (11-10-2020) equal 100. Re-
sults revealed that the increases in the relative N
and K contents in cucumber leaves during the four

sequence foliar fertilizer applications ranged between
103-111% for N and 108-111% for K. Similar results
also observed for Fe, Zn and Mn contents in white
eggplant leaves as affected by the IFF as shown in
Table 9. The increases in Fe, Zn and Mn contents in
white eggplant leaves ranged between 115 and 140 %
for Fe, 116 and 127% for Zn and 125 and 132% for
Mn relative to the first sampling equal 100.

It observed the increases in N, K, Fe, Zn and Mn
contents in cucumber leaves as affected by the appli-
cation of the IFF more pronounced than that in white
eggplants. These increases in N, K, Fe, Zn and Mn
contents in cucumber leaves may be attributed to the
positive effect of the high degree of roughness of cu-
cumber leaves on reducing the losses of the nutrients
content added in foliar fertilization by slipping. This
leads to an increase in the efficiency of plant utiliza-
tion of the foliar fertilizer content (De Ruiter et al
1995).

Data summarized in Table 10 show some nutrient
contents in white eggplants and cucumber leaves as
affected by different adjuvant treatments used for im-
proving foliar fertilizer and relative values to that of
UIFF = 100. Nitrogen content in white eggplant leaves
increased by the applications of IFF to about 124, 120,
115 and 115 % for Adjmix-D1, Adjmix-D2, liquid
soap and Rixifilm, respectively, relative to UIFF =
100.

Nitrogen content in cucumber leaves increased by
improving foliar fertilizers using TEA, liquid soap,
urea, Rixifilm, Adjmix-D1 and Adjmix-D2 to about
4.42 (118%), 4.1 (109), 4.45 (119), 4.11 (111), 4.45
(119) and 3.89% (104%), respectively, relative to
UIFF = 100.

Results revealed in Table 10 showed that the high-
est values and relative increase in K content in white
eggplant leaves were 4.60 (119), 4.58 (119), 4.54
(117), 4.52 (117) and 4.45% (115%) for Adjmix-D1,
Rixifilm, liquid soap, Adjmix-D2 and TEA, respec-
tively comparing with that of UIFF which was 3.56%
(100%), respectively. Similar increases were also ob-
tained for K content in cucumber leaves as affected by
the application of different adjuvants each alone or in
combination for improving foliar fertilizer. These in-
creases reached to about 3.64 (110), 3.78 (114), 3.57
(108), 3.86 (117), 3.95 (120) and 3.63% (110%), re-
spectively relative to UIFF=100.

Regarding the effects of the tested substances,
either alone or in combination used as adjuvants for
improving foliar fertilizer on some micronutrient’s
contents in white eggplant and cucumber leaves,
results in Table 10 indicated similar positive effects
particularly for Adjmix-D1, Adjmix-D2, Rixifilm,
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Table 8. Nutrient contents in white eggplants leaves as affected by different adjuvant treatments used for improving
foliar fertilizer in four sequence applications

Adiuvant N K Fe | zn | Mmn N K Fe | zn [ mn
treatments % ppm % ppm
Sampled date: (1) 21-5-2020 Sampled date: (2) 28-5-2020
Pure water 403 | 3.02 115 | 254 143 419 | 4.08 110 | 27.8 | 145
UIFF 431 | 3.63 122 | 317 178 421 | 414 123 | 321 | 173
TEA 455 | 4.43 135 | 365 201 485 | 4.39 143 | 35.7 | 195
Liquid soap 484 | 4.54 133 | 353 195 | 4.90 | 4.42 144 | 36.6 | 196
Glycerin 439 | 4.29 137 | 337 187 476 | 4.34 137 325 | 190
Arabic gum 457 | 4.39 131 | 338 191 472 | 4.38 137 324 | 189
Molasses 445 | 4.32 132 | 320 175 | 4.46 | 4.8 128 | 274 | 183
Urea 459 | 4.28 131 | 315 174 | 463 | 4.37 137 31.6 | 189
Rixi film 456 | 4.68 136 | 36.9 203 486 | 4.37 142 37.3 | 202
Adjmix-D1 5.65 | 4.72 138 | 385 227 5.02 | 4.54 148 | 389 | 214
Adjmix-D2 554 | 4.64 131 | 36.4 224 | 483 | 433 147 36.8 | 207
Mean-IFF 482 | 450 134 | 354 200 | 478 | 4.37 140 | 344 | 196
Relative to UIFF 112 124 110 112 113 114 106 114 107 | 113
Relative to P. water 120 149 116 140 140 114 107 127 124 | 135
LSDo.os 0.25 0.9 13.0 33 17.0 0.6 019 | 19.0 36 | 230
Sampled date: (3) 4-6-2020 Sampled date: (4) 11-6-2020
Pure water 418 | 3.66 113 | 258 136 410 | 3.67 105 | 239 | 141
UIFF 432 | 3.75 119 | 296 154 | 435 | 3.94 120 | 279 | 150
TEA 489 | 4.23 126 | 387 195 | 468 | 4.76 141 38.2 | 197
Liquid soap 490 | 4.37 136 | 39.0 205 517 | 4.83 147 39.2 | 202
Glycerin 471 | 411 120 | 30.0 183 473 | 4.63 127 33.3 | 193
Arabic gum 465 | 4.26 127 | 332 186 464 | 448 133 | 342 | 178
Molasses 436 | 4.17 125 | 324 179 465 | 4.25 123 | 274 | 172
Urea 457 | 4.34 123 | 335 170 | 466 | 4.42 135 | 336 | 191
Rixi film 5.05 | 4.62 134 | 386 195 5.24 | 4.65 148 | 36.8 | 202
Adjmix-D1 5.08 | 4.63 140 | 407 207 552 | 4.86 159 384 | 203
Adjmix-D2 5.03 | 4.46 138 | 39.6 204 5.25 | 4.67 146 | 365 | 198
Mean-IFF 480 | 4.35 130 | 36.2 192 495 | 4.62 140 | 353 | 193
Relative to UIFF 111 116 109 122 124 114 117 117 126 | 128
Relative to P. water 115 119 115 140 140 121 126 133 148 | 137
LSDo.os 057 | 055 | 15.0 9.0 40.0 080 | 0.70 | 26.0 85 | 43.0
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Table 9. Nutrient contents in cucumber leaves as affected by different adjuvant treatments used for improving foliar
fertilizer in four sequence applications

N K FelZn‘Mn N K Fe‘anMn

Adjuvant
treatments % EP % PR
Sampled date: (1) 11-10-2020 Sampled date: (2) 18-10-2020
Pure water 2.90 2.86 41.6 26.7 54.3 3.02 2.68 46.7 26.9 52.8
UIFF 3.50 3.10 49.8 37.8 61.2 3.64 3.04 53.1 30.6 60.3
TEA 4.20 3.48 69.8 49.0 84.3 4.81 3.13 71.9 404 87.9
Liquid soap 411 3.40 72.9 50.1 82.2 3.97 3.45 78.6 42.5 88.1
Glycerin 3.64 3.55 60.0 38.1 71.6 3.78 3.45 57.9 41.2 73.7
Arabic gum 3.73 3.42 54.2 43.1 774 3.73 3.13 52.7 39.7 76.5
Molasses 3.45 3.24 52.1 40.1 69.9 3.97 3.26 44.7 35.3 69.9
Urea 4.34 3.15 61.6 36.1 71.3 3.78 3.44 39.0 24.2 71.3
Rixi film 3.78 3.49 74.9 46.1 86.5 4.01 3.49 76.2 45.9 81.3
Adjmix-D1 4.11 3.40 71.9 55.8 80.9 4.53 3.71 74.3 45.7 83.1
Adjmix-D2 3.55 3.14 65.4 38.2 75.9 3.83 3.29 717 424 82.0
Mean-IFF 3.89 3.35 63.5 43.8 76.7 4.05 3.36 61.3 38.9 79.1

Relative to UIFF 111 108 127 116 125 111 111 115 127 131
Relative to P. water | 134 117 153 164 141 134 125 131 145 150

LSDo.05 0.6 0.3 22.0 12.0 19.0 0.19 0.40 21.0 115 18.0
Sampled date: (3) 25-10-2020 Sampled date: (4) 1-11-2020
Pure water 3.96 3.07 44.5 27.2 53.4 3.33 3.20 45.3 29.1 51.4
UIFF 3.92 3.51 53.6 34.5 60.9 3.92 3.56 54.8 37.6 63.9
TEA 4.20 3.87 81.5 44.4 88.6 4.48 4.08 83.2 49.3 90.5
Liguid soap 4.01 4.12 81.58 46.4 86.1 4.29 4.14 86.1 45.1 89.3
Glycerin 4.01 3.54 63.4 41.7 75.0 4.11 3.64 66.1 41.1 74.2
Arabic gum 3.83 3.49 61.6 44.0 81.2 4.01 3.60 70.1 41.7 84.1
Molasses 3.73 3.73 65.5 41.1 69.9 3.92 3.67 58.0 41.2 69.9
Urea 4.20 3.92 86.0 42.0 713 5.46 3.77 71.2 53.2 713
Rixi film 4.48 4.12 75.0 47.0 88.5 4.39 4.33 81.6 53.1 90.2
Adjmix-D1 4.25 4.48 83.8 48.3 86.6 4.53 4.19 79.2 475 86.7
Adjmix-D2 4.01 4.07 76.2 41.1 82.2 4.15 4.01 75.9 45.7 81.2
Mean-IFF 4.03 3.90 75.0 43.6 80.1 4.37 3.89 73.7 45.6 80.9

Relative to UIFF 103 111 140 127 132 111 109 134 121 127
Relative to P. water 120 127 169 160 150 131 121 163 157 157

LSDo.05 0.25 0.6 28.0 11.9 21.0 0.35 0.45 24.0 9.0 22.0
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Table 10. Nutrient contents in white eggplant and cucumber leaves as affected by different adjuvant treatments used for
improving foliar fertilizer and relative values (RV) to UIFF=100

Nutrient contents in white Nutrient Contents in

Adjuvant eggplant leaves Cucumber leaves

treatments N | K Fe | zn [ Mn | N | K | Fe | zn [ Mmn
% ppm % Ppm

Pure water 4.12 3.61 111 25.7 141 | 3115 | 2.95 | 445 | 275 | 53.0
% 96 93 92 85 86 84 89 84 78 86
UIFF 4.30 3.86 121.0 30.3 164 | 3.75 | 3.30 | 52.8 | 35.1 | 61.6
RV % 100 100 100 100 100 100 | 100 | 100 | 100 | 100
TEA 4.75 4.45 136 37.3 197 | 442 | 3.64 | 76.6 | 45.8 | 87.8
RV % 110 115 113 123 120 118 | 110 | 145 | 130 | 143
Liquid soap 4.95 4.54 140 37.5 200 | 410 | 3.78 | 79.8 | 46.0 | 86.4
RV % 115 117 116 124 122 109 | 114 | 151 | 131 | 140
Glycerin 4.65 4.34 130 32.4 188 | 3.89 | 3.55 | 61.8 | 40.5 | 73.7
RV % 108 112 108 107 115 104 | 107 | 117 | 115 | 120
Arabic gum 4.64 4.38 132 33.4 186 | 3.83 | 3.41 | 59.7 | 421 | 79.8
RV % 108 113 109 110 113 102 | 103 | 113 | 120 | 130
Molasses 4.48 4.23 127 29.8 177 | 3.77 | 3.47 | 551 | 39.4 | 69.9
RV % 104 110 105 98 108 101 | 105 | 104 | 112 | 113
Urea 4.62 4.38 132 32.9 183 | 445 | 357 | 645 | 389 | 713
RV % 107 113 109 108 112 119 | 108 | 122 | 111 | 116
Rixi film 4.93 4.58 140 37.4 200 | 4.17 | 3.86 | 76.9 | 48.0 | 86.6
RV % 115 119 116 123 122 111 | 117 | 146 | 137 | 141
Adjmix-D1 5.32 4.60 143 38.4 211 | 435 | 3.95 | 77.3 | 493 | 84.3
RV % 124 119 118 126 129 116 | 120 | 146 | 141 | 137
Adjmix-D2 5.16 4.52 141 37.3 208 | 3.89 | 3.63 | 723 | 41.8 | 80.3
RV % 120 117 116 123 127 104 | 110 | 137 | 119 | 130
Mean — IFF 4.83 4.45 136 35.1 195 410 | 3.67 | 70.2 | 442 | 804
Relative to UIFF 112 115 112 116 119 110 | 111 | 133 | 126 | 131
Relative to pure water 117 123 122 134 138 130 | 124 | 158 | 161 | 152
LSDo.0s 0.30 0.5 10.1 3.2 227 1032 | 248 | 125 | 54 | 85
% 7.0 13.0 8.3 10.6 13.8 85 | 7.6 | 237 | 155 | 138

liquid soap and TEA that give the highest relative
increases in Fe, Zn, and Mn contents. For white
eggplant, these increases were about 143ppm
(118), 141 (116), 140 (116), 140 (116) and 136
ppm (113%) for Fe, 38.4 (126), 37.3 (123), 37.4
(123), 37.5 (124) and 37.3 ppm (123%) for Zn and
211 (129), 208 (127), 200 (122), 200 (122) and
197 ppm (120%) for Mn, respectively compared
with that of UIFF=100. These results illustrated
the higher positive effect of surfactants (i.e., TEA
and liquid soap) as adjuvants on spreading rate of
the improved foliar fertilizer (IFF) on leaves lead-
ing to increase nutrient uptake as illustrated by
Czarnota and Thomas (2014).

For cucumber, the increases were about 77.3 (146),
72.3 (137), 76.9 (146), 79.8 (151), and 76.6 ppm
(137%) for Fe, 49.3 (141), 41.8 (119), 48.0 (137), 46.0
(131) and 45.8 ppm (130%) for Zn and 84.3 (137),
80.3 (130), 86.6 (141), 86.4 (140), and 87.8 ppm
(143%) for Mn by using Adjmix-D1, Adjmix-D2, Rixi
film, liquid soap and TEA for improving foliar ferti-
lizers, respectively.

These results illustrated the higher positive effect
of surfactants (i.e., TEA and liquid soap) as adjuvants
on spreading rate of the IFF on leaves leading to in-
crease the efficiency of nutrient uptake as declared by
Czarnota and Thomas (2014).
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The average and relative increases in N, K, Fe,
Zn and Mn contents as affected by the tested ad-
juvants each alone or in combination in four se-
guence applications were about 4.83% (112),
4.45% (115), 136 ppm (112), 35.1 ppm (116%)
and 195 ppm (119%) for white eggplant leaves
respectively relative to that of UIFF=100 (Table
10). The increase in N, K, Fe, Zn and Mn contents
reached to about 117, 123, 122, 134 and 138% for
white eggplant and 130, 124, 158, 161 and 152%
for cucumber respectively relative to that of pure
water=100
(Table 10). However, these increases more pro-
nounced for cucumber than white eggplant. This
may be attributed to the differences in the rough-
ness properties of plant leaves (De Ruiter et al
1995).

It is worthy to mention that the highest in-
crease in N, K, Fe, Zn and Mn contents in white
eggplant leaves as affected by the IFF applied in
four sequence weekly applications were obtained
by using Adjmix-D1 in improving the foliar ferti-
lizers (Table 10). These increases were about
5.32% (124), 4.6% (119), 143 ppm (118), 38.4
ppm (126) and 211 ppm (129%) for white egg-
plant and 5.35, (116), 3.95% (120%), 77.3 ppm
(146), 49.3 ppm (141) and 84.3 ppm (137%) for
cucumber, respectively Table 10. The highly
positive effect of Adjmix-D1 to improve foliar
fertilizers can be due to the combined effect of its
adjuvants components in increasing spreading
rate, sticking, humectant, penetrating which to-
gether act to increase the efficiency of plant utili-
zation of IFF.

However, surfactants such as TEA, and liquid
soap and sticker such as Arabic gum, and molas-
ses often added to adjuvants to improve spreading
and sticking of the fertilizer on the leaf surface
and increase the area of leaf interacting with the
fertilizer (Fernandez and Eichert 2009).

In addition to the ability of foliar sprays to
spread and stick to leaves is essential to enable
uptake of nutrients. Many plant species including
cucumber have been shown to have low wettabil-
ity due to leaf surface roughness which caused by
waxes and hairs (De Ruiter et al 1995).

3.4 Effects of the improved foliar fertilizers
(IFF) on fruit crop yields

To evaluate the efficiency of using the sug-
gested adjuvants (each alone or in combination)
for improving foliar fertilizers, two field experi-

ments were carried out by spraying white eggplants
and cucumber crops in sequence weekly applications
to evaluate its efficiency on fruit yield and nutrient
contents.

Data in Table 11 show the average effect of the
IFF by using the different adjuvants treatments on the
fruit yield of eggplants and cucumber relative to pure
water treatment = 100 or relative to UIFF=100.

In general, the obtained results revealed that the
IFF increased fruit yield by 23% relative to pure water
treatment=100 and 8% relative to UIFF treat-
ment=100. These results demonstrated the importance
of foliar fertilizers application and the IFF for increas-
ing fruit yield.

Data in Table 11 show the average fruit yield as
affected by the IFF using the different suggested adju-
vants relative to UIFF=100. Data indicated that the
highest increase in fruit yield of the tested crops ob-
served at the application of the improved foliar ferti-
lizer using Adjmix-D1. This increase was about 42%
relative to pure water treatment =100 or 27% relative
to UIFF treatment =100.

It could be also observed that application of molas-
ses treatment for improving foliar fertilizer caused a
reduction in fruit yield to about 87% relative to
UIFF=100. This reduction may be ascribed to the pos-
sible adverse effects of some additives to molasses
such as sulfur dioxide (sulfured molasses), which acts
as a preservative, preventing the molasses from spoil-
ing (El-Geddawy et al 2012 and McDonell 2020).

Table 11. Average effects of IFF using the different
suggested adjuvants on relative fruit yield to pure
water =100 or relative to UIFF=100

. Crop yield Relative to pure
tﬁe‘;'ttr‘;’g‘;‘tts wator or UIFF-100. %
White eggplants| Cucumber
Pure water 85 100 92 100
UIFF 100 118 | 100 109
TEA 113 134 | 102 111
Liquid soap 123 145 | 116 127
Glycerin 108 127 | 100 109
Arabic gum 107 127 97 106
Molasses 81 96 92 100
Urea 109 129 102 111
Rixi film 119 141 110 120
Adjmix-D1 128 151 129 140
Adjmix-D2 114 135 110 120
Mean 110 130 | 106 116

963



Arab Univ J Agric Sci (2021) 29 (3) 953-967

Data in Table 12 show the fruit yield of white
eggplants as affected by adjuvants treatments used
for improving foliar fertilizers during four se-
guence applications. Data indicated that the high-
est increase in fruit yield of eggplants was ob-
tained with the application of adjmix-D1 followed
by adjmix-D2. These increases were about 28 and
14%, respectively.

Results indicated that the fruit yield of white
eggplants as affected by application of the im-
proved foliar fertilizer treatment could be ar-
ranged in the following descending order:
Adjmix-D1 > Liquid soap > Rixi film > Adjmix-
D2. Similar results were also obtained for the four
sequence fruit harvestings each after 7 days from
the application of pure water, IFF and UIFF
treatments. No substantial changes in fruit weight
in g/fruit were observed for all the tested treat-
ments. Similar findings were obtained by Gaskin
and Stevens (1993); Gaskin et al (2000), and
Czarnota and Thomas (2014).

Data in Table 13 show the fruit yield of cucumber
as affected by adjuvants treatments used for improving
foliar fertilizers during the sequence applications. Data
indicated that the highest increase in fruit yield of cu-
cumber obtained with the application of Adjmix-D1
followed by adjmix-D2. These increases were about
29 and 10%, respectively.

Data in Table 13 indicated that the fruit yield of
cucumber influenced by the application of the im-
proved Foliar fertilizer treatment could be arranged in
the following descending order: Adjmix-D1>Liquid
soap>Adjmix-D2 = Rixi film. Similar results were
also obtained for the four sequences fruit harvestings
each after 7 days from the application of pure water,
IFF and UIFF treatment.

These results may be attributed to the effect of
these adjuvants in enhancing the wettability of plant
leaves with the IFF and in consequently increase nu-
trient uptake. These results are in agreement with that
obtained by Alexander and Schroeder (1987), Brazee
and Zhu (2004) and Fernandez and Brown (2013) and.
No substantial changes in fruit weight in g/fruit were
observed for all the tested treatments.

Table 12. Fruit yield of white eggplants as affected by adjuvants treatments used for improving foliar fertilizers during

four sequence applications

Adjuvant Mgan White eggplants fruit yield _in g/plant l\/_lean Re_lati_ve

Treatments Frl_Jlt NoO. at 4 sequence harvestings Frwt yield Fruit yield
Fruit/plant | 21-5-20 | 28-5-20 | 4-6-20 | 11-6-20 | g/fruit | g/plant %
Pure water 4.80 74 142 205 211 32.9 158 85
UIFF 5.61 116 152 223 257 334 187 100
TEA 6.27 123 184 261 277 33.7 211 113
Liquid soap 6.88 131 184 263 341 334 230 123
Glycerin 6.02 120 154 251 280 33.5 201 108
Avrabic gum 5.92 118 174 248 262 33.9 201 107
Molasses 4.57 70.6 135 194 209 33.3 152 81
Urea 6.02 124 185 249 257 33.8 204 109
Rixi film 6.57 121 163 267 338 33.9 222 119
Adjmix-D1 7.55 163 204 299 355 33.8 255 136
Adjmix-D2 7.08 144 176 300 338 33.8 239 128
Mean 6.12 118 169 251 284 33.6 206 114
LSDo.0s 0.9 4.0 20.5 37.0 20.0 1.1 24.0 12.8
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Table 13. Cucumber fruit yield as affected by different adjuvants used for improving foliar fertilizers for four sequenc-

es applications

Adjuvant M_ean Cucumber fruit yield in g/plant l\/_lean Re_lati_ve

Treatments Fruit No. at 4 sequence harvestings Fr_un yield Fruit yield
Fruit/plant | 11-10-20 | 18-10-20 | 25-10-20 | 1-11-20 | g/fruit | g/plant %
Pure water 1.23 73.0 125 132 173 102 502 92
UIFF 1.33 77.2 140 149 181 103 547 100
TEA 1.37 77.1 132 157 194 102 559 102
Liquid soap 1.57 102 138 187 209 101 636 116
Glycerin 1.35 76.6 127 135 209 101 548 100
Arabic gum 1.35 50.4 141 127 213 98 531 97
Molasses 1.27 90.2 114 126 174 99 504 92
Urea 1.37 97.2 143 128 189 102 557 102
Rixi film 1.45 98.3 145 142 216 104 601 110
Adjmix-D1 1.70 110 169 197 229 104 704 129
Adjmix-D2 1.45 51.2 155 174 221 104 601 110
Mean 1.42 83.4 140 153 203 102 579 108
LSDo.0s5 0.20 15.0 8.0 15.0 20.1 0.4 33.0 6.0

4 Conclusion Congreve M (2019) Oils, Surfactants and other addi-

From the aforementioned results, it could be
concluded that the Adjmix-D1 contained 0.6g/L
TEA and 0.6¢/L liquid soap as surfactants, 0.6g/L
glycerin as a humectant, 0.6g/L Arabic gum as a
sticker and 0.6¢/L urea as a penetrator can be used
as an effective adjuvant for improving foliar ferti-
lizers application and use efficiency.
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