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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 enhance 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 concen-

tration of each substance to be used as an adjuvant. An Adjmix-D1 was pre-

pared using 0.6g/L Triethanolamine and 0.6g/L liquid soap as surfactants, 

0.6g/L glycerin as a humectant, 0.6 g/L Arabic gum as a sticker and 0.6g/L 

urea as a penetrator. 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 increased 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 con-

cluded that the Adjmix-D1 can be used as an effective adjuvant for improv-

ing foliar fertilizer application efficiency. 

 

 

1 Introduction 

 

 Several methods were recently used in deliv-

ering nutrients for plants including soil and foliar 

methods. Foliar nutrition is considered one of the 

most common methods, which is used to deliver 

the needed nutrients to plants in adequate concen-

trations and improve plant nutritional status as 

well as increase the crop yield and quality 

(Smoleń 2012). Fertilizer management is very 

important due to its role in plant growth and de-

velopment in addition to its role in biochemistry 

and plant disease control (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 (Ooster-

huis and Weir 2010). 

The main dilemma of foliar nutrient application is 

that the waxy cuticle, covering the surfaces of all plant 

foliage, is an effective barrier to the penetration of 

exogenous chemicals into the underlying tissues 

(Heywood 1970). Thus, it is apparent that many of the 

principles of formulation employed with foliar-applied 

systemic pesticides also may be used to advantage for 

foliar fertilizer application. The most common way of 

improving the interaction of spray droplets and plant 

leaf surfaces is by modifying the surface tension of the 

droplet. Somervaille and Betts (2011) mentioned that 

droplets with a high surface tension bounce off target 

surfaces, while those with a low surface tension tend 

to spread on contact and retain. 
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The ability of foliar sprays to stick to leaves is  

essential to enable the uptake of nutrients. Many 

plant species showed to have low wettability due 

to leaf surface roughness, which is caused, by 

waxes and hairs (De Ruiter et al 1995). To over-

come these issues, additives were added to the 

spray tank e.g. adjuvants including surfactants to 

improve leaf wetting, stickers to minimize ferti-

lizer wash and humectants to prolong the time of 

nutrient absorption (Fernández and Eichert 2009). 

A large number of adjuvants are commercially 

available for use in combination with agrochemi-

cals, however, their effectiveness with foliar-

applied fertilizers is often unknown (De Assunção 

et al 2019). 

It has been also suggested to use a surfactant 

as an adjuvant for improving the wetting proper-

ties of foliar fertilizer on leaves (i.e., low surface 

tension and low contact angle), which might in-

crease the rate of uptake of foliar-applied fertiliz-

ers (Fernández and Eichert 2009). It follows that 

poorer wetting (higher surface tension and contact 

angles) will result in lower uptake rates of the nu-

trients from different fertilizer formulations. Even 

though the addition of an adjuvant will increase 

the surface area of the sprayed solution, there 

seems to be an optimal concentration for both 

economic and effective coverage (Rasmussen 

2016). 

In fact, effective spray applications are re-

quired to help reduce operational costs with ade-

quate spraying coverage for large acreage opera-

tions. By adding adjuvants to the spray solution, 

the droplet dispersion on leaf surfaces as well as 

the surface area of the droplets might increase, 

creating a larger coverage area per volume. This 

larger surface area can also increase the evapora-

tion speed of the solution through the heat ex-

change 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) to 

improve nutrient 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 was taken under consideration. 

 

2 Materials and Methods 
 

A series of lab and field experiments were carried 

out to evaluate the possibility of using some substanc-

es as adjuvants added to the foliar fertilizer tank for 

improving foliar fertilizer application and use effi-

ciency. 
 

2.1 Suggested substances as adjuvants 
 

The suggested adjuvants included Triethanolamine 

(TEA), liquid soap (prepared by mixing  7 parts of cot-

tonseed oil with 1 part of KOH and 10 parts of H2O) 

as surfactants, glycerin as a humectant, Arabic gum, 

molasses as stickers and urea as a penetrator. Citric 

acid was used to adjust the pH of the final foliar ferti-

lizer 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 laurel ether sulfate) 

is used as a commercial adjuvant for comparison. 

Each of the suggested substances was prepared in 10 

concentrations treatments, i.e., 0.05, 0.1, 0.2, 0.4, 0.6, 

0.8, 1, 1.25, 1.5, and 2g/L. The effect of each concen-

tration on static surface tension (SST) and static con-

tact angle (SCA) in liquid/air/glass and solid plant 

leaf/air interface were used to evaluate and find out 

the optimum concentration of each substance to be 

used as an adjuvant 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 the drop weight method as de-

scribed by Soni (2019) and by using the capillary tube 

method described by Harkins and Brown (2019). The 

SCA was measured using a smart cellphone as de-

scribed by Lamour et al (2010). The SCA measure-

ments were made on the adaxial (top) side of leaves 

taken at the vegetative stage of white eggplants and 

cucumber plants as varied in their leaf surface rough-

ness. 
 

2.2 Field experiments using improved foliar  

fertilizers 

 

Two field trials were conducted on clay loam soils 

at Aboelnaga, Basos, Qaluobia Governorate at the  

location of (30° 07’ 4 8.6’’ N, 31° 13’ 40.5’’ E) for 

cucumber and in Elmanawat, Aboelnomros, Giza 

Governorate at the location of (29.9° 17.1’ 95.0’’ N, 
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31.2° 45.7’ 75.0’’ E) for white eggplants. Crops in 

these locations were irrigated by a surface flood-

ing irrigation system using fresh water delivered 

from the Nile river (EC is about 0.43 dS/m). All 

field experiments were designed and statistically 

analyzed in a complete randomized block design. 

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 a low-pressure sprayer. The first applica-

tions of IFF or UIFF and control treatments began 

just before the fruiting stages of each crop. No 

negative interaction was observed between any of 

the suggested adjuvants with foliar fertilizers. 

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 using two cm3/l 

from the stock solutions are presented in Table 3. 

To evaluate the effects of the IFF on nutrient 

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 and Mn contents using methods de-

scribed by Jones (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 

33oC for TEA, liquid soap, glycerin, Arabic gum, 

molasses and urea. These lowest values of surface 

tension were 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 concen-

trations of 0.4g/L respectively. The SST value of 

pure water determined under similar conditions 

was 74.7 N/m at 33oC. 

These results are in agreement with that of Tu and 

Randall (2003) who mentioned that surfactants are the 

most widely used products of the chemical industry 

and probably the most important group of all adju-

vants for foliar application. However, the most com-

mon types of activator adjuvants are surfactants (Pen-

ner 2000) such as TEA, and liquid soap. Due to the 

special structure of surfactants, their presence at the 

surface is more beneficial, and therefore the surface 

tension can be efficiently reduced (Rosen and Kunjap-

pu 2012). The term ‘surfactant’ is derived from ‘sur-

face active agent’ and should not be mixed up with the 

term ‘adjuvant’ since adjuvants are not limited to sur-

factants (Penner 2000). 

Data in Table 5 show the effects of the different 

suggested adjuvant concentrations on the average val-

ues of SST determined by the drop weight method and 

capillary tube methods in N/m. Results indicated that 

the lowest values of SST determined by the capillary 

tube method were 43.1, 20.4, 41.0, 37.5, 27.4 and 60.2 

N/m at 25oC 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 a concentration 

of 0.6g/L. The SST value of pure water was 72.3 N/m 

at 25oC. It is worth mentioning that the SST value de-

termined by the drop weight method at 33oC was 

higher than that determined by the capillary tube 

method at 25 by about 12.6%. Despite this difference, 

similar trends were observed for the effect of adjuvant 

treatments on SST values particularly the concentra-

tions of each adjuvant at the lowest values of SST. 

This result agrees with that of Park et al (1999) who 

found a linear relationship between SST and tempera-

ture. A similar trend with very few differences was 

observed between SST values determined by the drop 

weight method (Table 4) and capillary tube method 

(Table 5). The average of both values to represent the 

effects of different suggested adjuvants for improving 

foliar fertilizer on its SST values was taken under con-

sideration. Therefore, it was observed that the average 

lowest SST values were 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 average values obtained for SST 

were 43.1, 20.4, 41.0, 37.5, 27.4, 60.2 and 15.9 N/m 

respectively. The average value of SST for pure water 

was 73.5 N/m. These results are in agreement with 

that observed by Chen et al (2018). 

 

 

 



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

956 

 
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 

and cultivar 

Planting 

dates 

Beginning date 

Spray of  Stof the 1

FF 

Sampling time, dates and plant ages 

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 K1.5 K2 K3 K3 

* K1.5, K2 and K3 are K2O: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 O2K MgO Fe Zn Mn 

formulae g/L in stock foliar fertilizer solutions g/L in stock foliar fertilizer solutions 

K1.5 2.9 4.3 0.6 1.9 0.9 0.9 10.0 18.8 7.20 2.06 0.95 1.04 

K2 2.6 5.2 0.5 1.8 0.9 0.9 6.81 22.7 6.52 2.00 0.95 1.06 

K3 2.0 5.9 0.4 1.8 0.9 0.9 1.79 25.6 4.91 1.99 0.89 1.00 

AN: Ammonium nitrate (33% N), KN: Potassium nitrate (13% N, 46% K2O), 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 fertilizer solutions 

 

Foliar Fert’s  

formulae 

O/MgO/Fe/Zn/Mn Ratios2N/K 

 

N O2K MgO Fe Zn Mn 

Nutrient concentrations in the final FF solutions 

using 2 cm3/L 

K1.5 1/1.5/0.2/0.1/0.05/0.05 58 86 11.5 3.7 1.9 1.8 

K2 1/2/0.2/0.1/0.05/0.05 52 104 10.4 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 33oC in kg/S2 

 

Adjuvant Adjuvants suggested for improving foliar fertilizers SST at 

33°C 
Conc. g/L TEA Liquid soap Glycerin Arabic gum Molasses Urea Rixi film 

Pure water 74.7 74.7 74.7 74.7 74.7 74.7 74.7 74.7 

0.05 56.6 41.1 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 42.5 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 41.5 

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 

1.5 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 25oC in N/m 
 

Adjuvant Adjuvants suggested for improving foliar fertilizers SST at 
Conc. g/L TEA Liquid 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 37.5 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 
 

 

The high SST values of urea, glycerin, Arabic 

gum and molasses even at the lowest SST values 

compared with that of the tested commercial ad-

juvant (Rixifilm) were expected. The reason could 

be that not all these tested adjuvants acted as sur-

factants for increasing fluid spreading rate but 

acted as a penetrator, humectant, and sticker re-

spectively. However, these differences may be 

attributed to the unknown components of   such   

commercial  adjuvants  which  may  contain sev-

eral surfactants acting together in reducing SST 

and consequently increasing the spreading rate of 

fluids on solid surfaces. 

In general, all the suggested adjuvants can 

used to improve foliar fertilizers and have lower 

SST values compared with that of pure water 

(Prado et al 2016). The calculated net reduction in 

SST of the tested adjuvants compared with that of 

pure water was about 42, 62, 45, 35, 27 and 12.1 

for TEA, liquid soap, glycerin, Arabic gum, mo-

lasses and urea respectively. The net reduction in 

SST was more pronounced for liquid soap than 

the other adjuvants or even the commercial adju-

vants under investigation. 
 

3.2 Effects of the suggested adjuvants on static 

contact angle 
 

The SCA measurements made on the adaxial 

(top) side of leaves taken at the 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 the 

air/glass interface were observed at concentrations 

of 0.4, 0.4, 0.6, 0.4, 0.4, 0.6 and 0.4 g/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 15.7o at 25oC in the same order. 

The lowest SCA values for Air/eggplant leaf inter-

face were 20.6, 16.9, 14.2, 22.1, 18.9, 23.4 and 13.6o 

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 inter-

face were 22.8, 15.7, 27.6, 25.9, 19.7, 23.2 and 14.3o 

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, molasses, urea and Rixi film respective-

ly. These results are in agreement with those obtained 

by Santos et al (2019). 

It could be concluded that the efficiency of adju-

vant concentration in reducing SCA and in conse-

quently increasing the spreading rate of foliar fertiliz-

ers 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 compared 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 the uptake of nutrients. Many plant 

species including wheat have been shown to have low 

wettability due to leaf surface roughness which is 

caused by waxes and hairs (De Ruiter et al 1995). 

Data in Table 7 summarized the highly effective 

adjuvant concentrations in reducing SST and SCA 

under different conditions taken from Tables 4, 5 and 

6. These concentrations are used to prepare adjuvant 

mixtures for improving the efficiency of foliar fertiliz-

ers . 
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Table 6. Effects of different adjuvants suggested for improving foliar fertilizers on the contact angle of adjuvant and 

glass, white eggplants, and cucumber leaf interface 

 

Adjuvant 

Concentrations 

g/L 

Adjuvant treatments 

TEA Liquid soap Glycerin Arabic gum Molasses Urea Rixifilm 

Contact angle Air/glass interface in degree (o) 

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 

1.5 17.6 23.8 17.2 19.4 15.5 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 (o) 

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 27.7 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 15.5 

 Contact angle of Air/Cucumber leaf interface in degree (o) 

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 27.7 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 adjuvant concentrations in reducing SST and SCA under different conditions 
 

Treatments 

Adjuvant treatments 

TEA Liquid soap Glycerin Arabic gum Molasses Urea Rixifilm 

Effective adjuvant concentrations in reducing of SST and contact angle - g/L 

ST at 33oC 0.6 1.0 0.6 1.0 0.8 0.8 0.4 

ST at 25oC 0.6 0.8 0.6 0.8 0.8 0.8 0.6 

CAAir/Glass 0.4 0.4 0.4 0.4 0.4 0.6 0.4 

CAAir/Eggplant 0.4 0.6 0.6 0.4 0.8 0.6 0.4 

CAAir/Cucumber 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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According to the average of the effective adju-

vant concentrations shown in Table 7, two adju-

vant mixture were prepared to consist of some 

adjuvants act as a 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 humectant, 0.6g/L Arabic 

gum as a sticker  and  0.6 g/L  urea as a penetrator 

in addition to Adjmix-D2 contains 0.6g/L TEA 

and 0.6g/L liquid soap as surfactants, 0.6g/L glyc-

erin as a humectant, 0.6g/L Molasses as a sticker 

and 0.6g/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 

were sprayed with the tested adjuvants each alone 

or in combination with Adjmix-D1 or Adjmix-D2 

with its optimum concentration to evaluate its ef-

ficiency on nutrient contents and crop yield. 

 

3.3 Effects of the improved foliar fertilizers 

(IFF) on some nutrient contents 

 

White eggplant plants sprayed with foliar ferti-

lizers improved by mixing with the recommended 

concentrations of the suggested adjuvants each 

alone or in combinations as Adjmix-D1 and 

Adjmix-D2. Concerning the changes in nutrient 

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-

quence 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 eggplant leaves as affected by IFF in four 

sequences applications relative to that of the first 

date of harvesting (i.e., 21-5-2020) equal to 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 were 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 sequences 

applications relative to that of the first date of harvest-

ing (11-10-2020) equal to 100. Results revealed that 

the increases in the relative N and K contents in cu-

cumber leaves during the four sequence foliar fertiliz-

er applications ranged between 103-111% for N and 

108-111% for K. Similar results were also observed 

for Fe, Zn and Mn contents in white eggplant leaves as 

affected by the IFF as shown in Table 9. The increas-

es 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 nutrient 

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. 
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Table 8. Nutrient contents in white eggplant leave as affected by different adjuvant treatments used for improving foliar 

fertilizer in four sequence applications 

 

Adjuvant 

treatments 

N K Fe Zn Mn N K Fe Zn Mn 

% ppm % ppm 

Sampled date: (1) 21-5-2020 Sampled date: (2) 28-5-2020 

Pure water 4.03 3.02 115 25.4 143 4.19 4.08 110 27.8 145 

UIFF 4.31 3.63 122 31.7 178 4.21 4.14 123 32.1 173 

TEA 4.55 4.43 135 36.5 201 4.85 4.39 143 35.7 195 

Liquid soap 4.84 4.54 133 35.3 195 4.90 4.42 144 36.6 196 

Glycerin 4.39 4.29 137 33.7 187 4.76 4.34 137 32.5 190 

Arabic gum 4.57 4.39 131 33.8 191 4.72 4.38 137 32.4 189 

Molasses 4.45 4.32 132 32.0 175 4.46 4.18 128 27.4 183 

Urea 4.59 4.28 131 31.5 174 4.63 4.37 137 31.6 189 

Rixi film 4.56 4.68 136 36.9 203 4.86 4.37 142 37.3 202 

Adjmix-D1 5.65 4.72 138 38.5 227 5.02 4.54 148 38.9 214 

Adjmix-D2 5.54 4.64 131 36.4 224 4.83 4.33 147 36.8 207 

Mean-IFF 4.82 4.50 134 35.4 200 4.78 4.37 140 34.4 196 

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 

LSD0.05 0.25 0.9 13.0 3.3 17.0 0.6 0.19 19.0 3.6 23.0 

 Sampled date: (3)  4-6-2020 Sampled date: (4)  11-6-2020 

Pure water 4.18 3.66 113 25.8 136 4.10 3.67 105 23.9 141 

UIFF 4.32 3.75 119 29.6 154 4.35 3.94 120 27.9 150 

TEA 4.89 4.23 126 38.7 195 4.68 4.76 141 38.2 197 

Liquid soap 4.90 4.37 136 39.0 205 5.17 4.83 147 39.2 202 

Glycerin 4.71 4.11 120 30.0 183 4.73 4.63 127 33.3 193 

Arabic gum 4.65 4.26 127 33.2 186 4.64 4.48 133 34.2 178 

Molasses 4.36 4.17 125 32.4 179 4.65 4.25 123 27.4 172 

Urea 4.57 4.34 123 33.5 170 4.66 4.42 135 33.6 191 

Rixi film 5.05 4.62 134 38.6 195 5.24 4.65 148 36.8 202 

Adjmix-D1 5.08 4.63 140 40.7 207 5.52 4.86 159 38.4 203 

Adjmix-D2 5.03 4.46 138 39.6 204 5.25 4.67 146 36.5 198 

Mean-IFF 4.80 4.35 130 36.2 192 4.95 4.62 140 35.3 193 

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 

LSD0.05 0.57 0.55 15.0 9.0 40.0 080 0.70 26.0 8.5 43.0 

 

 



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

961 

Table 9. Nutrient contents in cucumber leaves as affected by different adjuvant treatments used for improving foliar 

fertilizer in four sequence applications 

 

Adjuvant 

treatments 

N K Fe Zn Mn N K Fe Zn Mn 

% ppm % ppm 

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 40.4 87.9 

Liquid soap 4.11 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 77.4 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 71.7 42.4 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 

LSD0.05 0.6 0.3 22.0 12.0 19.0 0.19 0.40 21.0 11.5 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 

Liquid 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 71.3 5.46 3.77 71.2 53.2 71.3 

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 47.5 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 

LSD0.05 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 

 

Adjuvant 

treatments 

Nutrient contents in white 

eggplant leaves 

Nutrient Contents in 

Cucumber leaves 

N K Fe Zn Mn N K Fe Zn Mn 

% ppm % ppm 

Pure water 4.12 3.61 111 25.7 141 3.15 2.95 44.5 27.5 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 4.42 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 4.10 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 42.1 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 55.1 39.4 69.9 

RV % 104 110 105 98 108 101 105 104 112 113 

Urea 4.62 4.38 132 32.9 183 4.45 3.57 64.5 38.9 71.3 

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 4.35 3.95 77.3 49.3 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 72.3 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 4.10 3.67 70.2 44.2 80.4 

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 

LSD0.05 0.30 0.5 10.1 3.2 22.7 0.32 24.8 12.5 5.4 8.5 

% 7.0 13.0 8.3 10.6 13.8 8.5 7.6 23.7 15.5 13.8 

 

Results revealed in Table 10 showed that the 

highest 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, respectively comparing with that of 

UIFF which was 3.56% (100%), respectively. 

Similar increases were also obtained for K content 

in cucumber leaves as affected by the application 

of different adjuvants each alone or in combina-

tion for improving foliar fertilizer. These increas-

es reached about 3.64 (110), 3.78 (114), 3.57 

(108), 3.86 (117), 3.95 (120) and 3.63% (110%), 

respectively 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, 

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. 
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These results illustrated the higher positive effect 

of surfactants (i.e., TEA and liquid soap) as adju-

vants on the spreading rate of the improved foliar 

fertilizer (IFF) on leaves leading to increased nu-

trient uptake as illustrated by Czarnota and Thom-

as (2010). 

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 fertilizers, respectively. 

These results illustrated the higher positive ef-

fect of surfactants (i.e., TEA and liquid soap) as 

adjuvants on the spreading rate of the IFF on 

leaves leading to an increase in the nutrient uptake 

efficiency as declared by Czarnota and Thomas 

(2010). 

The average and relative increases in N, K, Fe, 

Zn and Mn contents as affected by the tested  

adjuvants each alone or in combination in four 

sequence 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 

are more pronounced for cucumber than white 

eggplant. This may be attributed to the differences 

in the roughness properties of plant leaves  

(De Ruiter et al 1995). 

It is worth mentioning that the highest increase 

in N, K, Fe, Zn and Mn contents in white eggplant 

leaves as affected by the IFF applied in four se-

quence weekly applications were obtained by us-

ing Adjmix-D1 in improving the foliar fertilizers 

(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 eggplant 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 adjuvant compo-

nents in increasing spreading rate, sticking, hu-

mectant, and penetrating which together act to 

increase the efficiency of plant utilization of IFF. 

However, surfactants such as TEA, and liquid soap 

and stickers such as Arabic gum, and molasses are 

often added to adjuvants to improve the spreading and 

sticking of the fertilizer on the leaf surface and in-

crease the area of leaf interacting with the fertilizer 

(Fernández and Eichert 2009). 

In addition, the ability of foliar sprays to spread 

and stick to leaves is essential to enable the uptake of 

nutrients. Many plant species including cucumber 

have been shown to have low wettability due to leaf 

surface roughness which is 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 suggested 

adjuvants (each alone or in combination) for improv-

ing foliar fertilizers, two field experiments were car-

ried out by spraying white eggplants and cucumber 

crops in sequence weekly applications to evaluate 

their efficiency on fruit yield and nutrient contents. 

Data in Table 11 show the average effect of the 

IFF by using the different adjuvant treatments on the 

fruit yield of eggplants and cucumbers 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 and 8% relative to UIFF treatment. These 

results demonstrated the importance of foliar fertiliz-

ers application and the IFF for increasing 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 was 

observed at the application of the improved foliar fer-

tilizer 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 the application of 

molasses 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 

possible 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, McDonell 2020). 
 

 



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

964 

Table 11. Average effects of IFF using the differ-

ent suggested adjuvants on relative fruit yield to 

pure water =100 or relative to UIFF=100 

 

Adjuvant 

treatments 

Crop yield relative to pure 

water 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 

 

Data in Table 12 show the fruit yield of white 

eggplants as affected by adjuvants treatments used 

for improving foliar fertilizers during four se-

quence 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 egg-

plants as affected by the application of the improved 

foliar fertilizer treatment could be arranged in the fol-

lowing descending order: Adjmix-D1 > Liquid soap > 

Rixi film > Adjmix-D2. Similar results were also ob-

tained for the four sequence fruit harvestings each af-

ter 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 

treatments. Similar findings were obtained by Gaskin 

and Stevens (1993), Gaskin et al (2000) and Czarnota 

and Thomas (2010). 

Data in Table 13 show the fruit yield of cucumber 

as affected by adjuvant treatments used for improving 

foliar fertilizers during the sequence applications. Data 

indicated that the highest increase in the fruit yield of 

cucumber was 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 of fruit harvesting 

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 consequently increasing nutri-

ent uptake. These results are in agreement with those 

obtained by Alexander and Schroeder (1987), Brazee 

et al (2004) and Fernández and Brown (2013) as No 

substantial changes in fruit weight in g/fruit were ob-

served for all the tested treatments. 
 

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

four sequence applications 

 

Adjuvant 

Treatments 

Mean 

Fruit No. 

Fruit/plant 

White eggplant fruit yield in g/plant 

at 4 sequence harvestings 

Mean 

Fruit yield 
Relative 

Fruit yield 

% 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 33.4 187 100 

TEA 6.27 123 184 261 277 33.7 211 113 

Liquid soap 6.88 131 184 263 341 33.4 230 123 

Glycerin 6.02 120 154 251 280 33.5 201 108 

Arabic 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 

LSD0.05 0.9 4.0 20.5 37.0 20.0 1.1 24.0 12.8 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gaskin%2C+Robyn+E
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Stevens%2C+Peter+J+G
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%26%23x000e1%3Bndez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23914198
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=23914198
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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 

Treatments 

Mean 

Fruit No. 

Fruit/plant 

Cucumber fruit yield in g/plant 

at 4 sequence harvestings 

Mean 

Fruit yield 
Relative 

Fruit yield 

% 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 

LSD0.05 0.20 15.0 8.0 15.0 20.1 0.4 33.0 6.0 

 

 

4 Conclusion 

 

From the aforementioned results, it could be 

concluded that the Adjmix-D1 contained 0.6g/L 

TEA and 0.6g/L liquid soap as surfactants, 0.6g/L 

glycerin as a humectant, 0.6g/L Arabic gum as a 

sticker and 0.6g/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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