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A field experiment was carried out at the extension farm in Al-Shafeieyah to study the effect of foliar 
application of different sources of nano-fertilizers on growth and yield of wheat. The experiment included 
di spray application of N, P and K Nano-fertilizer (N+P), (N+K), (P+K) and tri (N+P+K), Super Micro Plus 
SMP nano-fertilizer, Traditional fertilizer (NPK+TE) (AGRIMEL) and without application as control for 
comparison with three replicates in a simple one-way experience using RCBD design. A number of 
growth criteria in plant and yield (quality and quantity) parameters were recorded. Results indicated that 
significant response was spraying of SMP nano-fertilizer followed by the spraying combined of tri 
(N+P+K), di (N+P), (N+K) and (P+K) nano-fertilizer compared to control and traditional (NPK+TE) 
fertilizer treatments respectively in all growth and yield parameters of wheat  with an increment of the 
spray foliar (SMP) of  87.77cm, 12.22cm, 58.22 spad, 3.17%, 0.66% and 2.88% for plant height, length 
of spike,  total chlorophyll, concentration of N, P and K respectively compared to  control treatment. The 
same treatment had grain yield and protein % of 5.996 Mg ha-1 and 13.69 % compared to the treatment 
of control and traditional fertilizer, which amounted to (4.060 Mg ha-1 and 11.94%) and (5.198 Mg ha-1  
and 11.94 %) respectively. Harvest index were in the range (from 35.27 to 44.96 %) for control and nano 
SMP fertilizer treatment respectively. The highest fertilizer productivity was achieved when spraying 
treatments of nano SMP and tri nano mixture of (N+P+K) fertilizers (1936.0 and 1581.0 kg kg-1) 
compared to traditional fertilizer (569.0 kg kg-1). 
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INTRODUCTION 
World agricultural cropping systems intensively 
using large amount of fertilizers, to achieve more 
production per unit area but using more doses 
than optimum of fertilizers leads to several 
problems like environment pollution (soil, water, 
air pollution), low input use efficiency, decrease 
quality of food material, less income from the 
production, soil degradation, deficiency of micro 
nutrient in soil, toxicity to different beneficial living 

organism present above and below the soil 
surface. (Tan et al., 2005; Brunnert et al.,2006; 
Laghari et al.,2010). On the other hand, crop 
growth and productivity is affected by many biotic 
and abiotic factors (Al-Rifaee et al 2004; 
Musallam et al ,2004; Tawaha and Turk , 2004; 
Turk et al.,2004; Al-Tawaha and Odat, 2010; Abu 
Obaid et al. 2018; Al-Tawaha et al. 2018a; AL-
Taey et al.,2018). Fertilizer  such as phosphorus  
and nitrogen  are the most important macro 
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nutrient that plays significant role in physiological 
and biochemical reactions such as photosynthesis 
and transfer characteristics (Turk and Tawaha 
2002; Tawaha et al., 2003;  Turk et al, 2003; 
Nikus et al., 2004, Al-Tawaha et al., 2018b). 
Therefore, in the future, there is need to produce 
nutritive agricultural produce rich in protein and 
other essential nutrient required to the human and 
animal consumption that is why emphasis should 
be laid on production of high quality food with the 
required level of nutrients and proteins (Abera et 
al., 2005; Lee  et al.,2005; Supanjani,  et al., 
2005; Sulpanjani  et al.,2006; Assaf  et al.,2006; 
Abu-Darwish  et al., 2009; Al-Tawaha et al.,2010; 
Jyothi and Hebsur,2017; Qureshi et al., 2018).  
For solving these problems in crop, production 
nano-fertilizers may effective tools in agriculture 
for better pest and nutrient management because 
these nano-materials having more penetration 
capacity, surface area and use efficiency which 
avoid residues in environment. Size below 100 nm 
nano-particles can use as fertilizer for efficient 
nutrient management which are more eco-friendly 
and reduce environment pollution. Hence, these 
agricultural useable nano-particle develop with the 
help of nanotechnology can be exploited in the 
value chain of entire agriculture production system 
(Morales-Díaz et al., 2017; Al-Juthery and 
Saadoun, 2018).    
   At the nano-scale the matter presents altered 
properties which are novel and very different from 
those observed at macroscopic level. The change 
in properties is due to the reduced molecular size 
and also because of changed interactions 
between molecules. The properties and 
possibilities of nanotechnology, which have great 
interest in agricultural revolution, are high 
reactivity, enhanced bioavailability and bioactivity, 
adherence effects and surface effects of 
nanoparticles (Gutierrez et al., 2011). Customized 
manufactured products are made from atoms; 
their properties depend on how those atoms are 
arranged. Nano fertilizers enhance growth 
parameters (plant height, leaf area, number of 
leaves per plant) dry matter production, 
chlorophyll production, rate of the photosynthesis 
which result more production and translocation of 
photosynthesis to different parts of the plant 
compare with traditional fertilizers (Ali and Al-
Juthery, 2017 ; Singh et al., 2017). 
  Foliar applications is the technique of feeding 
plants by spraying liquid fertilizers or other 
chemical or natural product directly to the leaves 
of macro and micronutrients are more effective in 
term of getting maximum yield and reduce losses 

( Rahman et al., 2014).  Optimum N management 
to wheat is important for maximum yield, optimum 
water utilization and minimum contamination to 
environment (Corbeels et al., 1999; Al-Taey, et al, 
2018).  

Phosphorus is essential for enhancing seed 
maturity and seed development (Ziadi et al., 
2008). Both P and K application favored tillering of 
wheat and reduced lodging in wheat (Liakas et al., 
2001), improved photosynthetic activity and 
transport to the ripening grains (Hadis et al.,2018). 
This resulted heavier grains (Crista et al., 2012; 
Rietra et al., 2017). With adequate application of 
phosphorus, 20% more grain yield of wheat can 
be obtained (Abdel-Aziz et al., 2016). N and P 
uptake could be enhanced with increased P 
applications (Abdel-Aziz et al., 2018). Different 
researchers recommended different P application 
rates. Potassium is a one of special significance 
because of its active role in bio-chemical functions 
of plant e.g. activating various enzymes, protein 
formation, carbohydrates and fat concentration, 
tolerance to drought and resistance to frost, 
lodging, pests and disease attack (Gosavi et al., 
2017). Thus, K deficiency in soil may results in 
yield losses (Saifullah et al., 2002). In the present 
day, intensive and high yield oriented agriculture, 
there is a negative K balance and soils are being 
mined for this essential element (Laghari et al., 
2010). Increased use of N without adding required 
K in soil has further aggravated K deficiency 
(Havlin et al., 2014) because K play important role 
in improvement of the growth indices. Increasing 
K amount in wheat grain increased dry matter, 
1000-grain weight, tillers, K contents in plant plant 
height, protein contents and grain yield 
(Bahmanyar and Ranjbar, 2008). Potassium 
application also significantly helped uptake of N 
and P in straw as well as wheat grain (Saifullah et 
al., 2002; Laghari et al., 2010). The interaction 
between N and K had positive significant effects 
on grain yield and quality (Wu et al,. 2006). 
     Therefore, our aim was to determine the extent 
effect foliar feeding of Nano-fertilizers SMP and 
tri, di combination of N, P, and K ano-fertilizer 
compare with control and traditional fertilizer in 
some parameters of wheat growth and yield. 
 
MATERIALS AND METHODS 

 A field experiment of wheat cultivar Ebaa 99 
was carried out at Extension farm in Al-
Shafeieyah in Silt clay Loam soil (Table 1). 

The study included the maximize growth and 
yield of wheat by foliar application of 
Nanofertilizers Super Micro Plus (NSMP) chelates 
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contain as a complex of 11 essential elements (N 
5%, P 4%, K 2%, Mg 1%,  Ca 1.5%, Fe 4%, Cu 
1%, Zn 5% , Mn 2%, Mo 0.04 % and B 0.06%), 
Traditional foliage fertilizer(AGRIMEL) (20-20-
20+TE) its content of(N 20%,  P2O520%,  
K2O20%, Fe 260, Cu75, Mn320, Zn230, B100 and 
Mo10 ppm), Nano Nitrogen Fertilizer 25%N (N), 
Nano phosphorus Fertilizer 25%P (P) and Nano 
Potassium Fertilizer 35%K (K) applied in di and tri 
Combinations (N+P), (N+K), (P+K), (N+P+K) and 
control. on some growth parameters with three 
replicates in a simple one-way experience using 
RCBD. The process of foliar application was 
conducted at the start of the flag leaf stage 
according to spraying schedules and 
concentrations tabe.2 The foliar application was 
conducted early in the morning through applying 
400 liters ha-1 of mixture in 14 days between 
applications. Di ammonium phosphate (DAP 18-
45-0) was applied at 200 kg ha-1 to all treatments 
as a starter and source for some N and P. 
Nitrogen at 150 kg N ha-1 using urea (46%N) and 
potassium at  100 kg K ha-1 using potassium 
sulfate (41.5K) were applied in split for better 
management . All management practices for soil 
(e.g. land ,soil preparation "tillage " and irrigation) 
and for plants (e.g. pesticides) were done as 
required. Size of experiment units was 9 
m2(3x3m) and a distant of 1.5 m was left between 

units and replicates to increase the precision of 
the trial. Each experimental unit consisted of 15 
lines with a length of 3 m at a distance of 20 cm 
between lines and a depth of 5 cm and seeds 
were sawn at  15th of Nov. 2017 with rate of 120 
kg ha-1 using an Iraqi wheat variety called Ebaa 
99 .  

At the stage of grain maturity some 
parameters of growth and yield were estimated. 
Nutrient concentrations in plants after wet 
digestion were measured according to Hayens 
(1980).Total chlorophyll was measured using 
(SPAD). Biological yield ton ha-1 was estimated for 
all plants in 3 lines with a length of 50 cm from 
each experimental unit weighing  the entire plants 
(grains + straw), weight of 1000 grain were 
measured too after isolation and removing of 
straw at 12% humidity (AOAC, 2000), Protein 
content in grain was calculated from  (N%× 5.7 ). 
Fertilizer productivity kg yield of grains/ kg amount 
of fertilizer was calculated using the following 
equation= yield of Fertilizer treatment - yield of 
Comparative / Amount of added fertilizer (Ali, 
2011). 

Analysis of variance were analyzed using a 
simple one-way experiment and a less significant 
difference (LSD) at (0.05) using Genstate 
program. 

 
 
 

 
Table 1. Some soil properties 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

property                                                                    value                                  Reference 

Particle size distribution (gm  kg-1 soil) 

Salim and Ali,2017 
Landon,1984 

 

120 
580 
300 

Clay 
Silt 

Sand 

 Silt clay Loam Texture 

23.1 CEC    Cmolc  kg-1Soil 

11.2 OM      gm  kg-1Soil 

201 Total carbonates      gm kg-1Soil 

7.7 pH 

2.4 EC(1:1) (dS m-1) 

 
17 
11 

199 
 

0.19 
0.17 
0.30 
0.30 

Available macronutrients (mg kg-1soil) 
N 
P 
K 

Available micronutrients (mg kg-1soil) 
Cu 
Zn 
Fe 
Mn 

1.31 Bulk density Mg m-3 
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Table 2. Treatments used in the study 

Tr. NO Treatments of Spraying 

Dates and rates  of foliar applied 
 treatment  

combinations 

120 DAP 134DAP 

T1 Control 0 0 

T2 Nano(N+P) 50+50 75+75 

T3 Nano (N+K) 50+50 75+75 

T4 Nano (P+K) 50+50 75+75 

T5 Nano (N+P+K) 33.3+33.3+33.3 50+50+50 

T6 Nano SMP 100 150 

T7 Traditional  AGRIMEL 200 300 

Concentrations were : 100(50+50) and 150 (75+75) ml of  Nano 
Fertilizer(N+P),(N+K) and (p+k); 100(33.3+33.3+33.3) and 150(50+50+50) ml of 
Nano (N+P+k); 100 and 150 of NPK+TE Nano fertilizer and 200 and 300 ml of  

Traditional NPK+TE in 100 L-1 water 

 
RESULTS  

Nano fertilizer source significantly enhanced 
plant growth parameters and nutrient content in 
wheat. Foliar application of tri nano mixed fertilizer 
of N,P and K (NPK) T5 significantly increased 
plant height (cm), spike length (cm), Chlorophyll( 
SPAD), N,P and K content in leaves (81.55, 
11.66, 55, 64, 2.88, 0.6 and 2.66 %) respectively 
on all di combination and control except (NP) 
treatment.  

  Further foliar feeding of nano SMP fertilizer 
showed significant response on these traits. 
However, application of higher content 
11essential nutrients fertilizer T6 recorded 
maximum plant height, spike length, Chlorophyll, 
N, P and K content in leaves (87.77cm, 12.22cm, 
58.22 SPAD, 3.17%, 0.66% and 2.88 %, 
respectively) compare with traditional fertilizerT7, 
While the presence of nitrogen in the di  
nanofertilizers mixtures gave the best growth 
criteria (Table 3). 

Higher biological yield (13.364Mg ha-1) and 
grain yield of (5.996Mg ha-1) were identified in 
wheat grown at spraying of NSMP T6 . The grain 
yield ranged from4.060  to 5.198 Mg ha-1, the 
highest grain yield was obtained in NSMP T6, 
followed by sole tri nano(N+P+K) 
treatment(5.642Mg ha-1). The (P+K) T4(4.575Mg 
ha-1) foliar application increased yield but the 
magnitude of response was lower compared 
to(N+K) T3 (4.886Mg ha-1) and (N+P)T2 
treatment(4.886Mg ha-1).  In case of thousand 
grain weight, highest value was also observed in 
(N+P+K) T5 (47.25g)and NSMP T6 
treatment(47.88g) , which were significantly higher 
than all other treatment including traditional 
fertilizer T7 (45.57g) and control T1 treatment 

(39.69g). As far as harvest index is concerned the 
highest value was observed in NSMP T6 applied 
treatment, followed by nano mixture fertilizer 
(N+P+K)and (N+P) while lowest (P+K) (44.96, 
43.18, 37.65%) respectively, Protein content of 
the wheat grains Protein % was obtained in T6 as 
nano super micro plus fertilizer (13.69%) 
compared to other treatments including control 
(11.94%) except of tri nano (N+P+K) treatment 
(13.33%). While the productivity of fertilizers 
achieved high significantly jumps when treated T6 
and T5 (1936.0, 1581.0 Kg Kg-1) respectively 
compare with all treatments of foliar feeding 
Including the traditional fertilizer source  T7 (216.1 
Kg Kg-1) (Table 4). 

Although fertilizers are very important for plant 
growth and development, most of the applied 
fertilizers are rendered unavailable to plants due 
to many factors, such as leaching, degradation by 
photolysis, hydrolysis and decomposition. 
Micronutrients exist in very small amounts in both 
soil and plants, but their role is as important as the 
primary or secondary nutrients. Important 
micronutrients include six elements, namely, iron, 
manganese, zinc, copper, boron and molybdenum 
(Stepien and Katarzyna, 2016; Rietra et al., 2017) 
The increase in plant height, total chlorophyll, 
concentrations of N, P and K in leaves at foliar 
feeding of nano super micro plus fertilizer, di 
combination of nano N,P and K fertilizer and 
commercial fertilizer NPK+TE are attributed to the 
role of these nutrients in stimulating plant growth. 
These essential elements are required for 
optimum growth of the plant to complete its life 
cycle (Ali 2012; Al-Taey et al., 2017). 
Macronutrients nutrients are nitrogen, phosphorus 
and potassium are one of the chief importance in 
improving quality and productivity of wheat 
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(Rahman et al., 2014).These functions include the 
synthesis of chlorophyll and thylakoid and the 
development of chloroplasts (Masoud et al., 
2012). It also plays a role in the transfer of energy 
within the plant, and in many enzymatic activities 
and photosynthesis as well as respiration and 
synthesis of proteins therefore has a key role in 
plant growth (Ali, 2012).   Roles of micronutrients 
in plant can include growth and metabolism 
associated with photosynthesis, chlorophyll 
formation, development of root and respiration 
cells and the effectiveness of enzymes involved in 
primary and secondary metabolism (Adhikary et 
al., 2010, Mer and Ama, 2014).Foliar feeding 
combination of N,P and K nano fertilizer showed 
improvements of growth and yield  parameters of 
wheat at lower concentration  (Abdel-Aziz et al., 

2016). Nanofertilizer are easily absorbed by the 
epidermis of leaves translocated to stems which 
facilitated the uptake of active molecules and 
enhanced growth and productivity of wheat 
(Abdel-Aziz et al., 2018). Nano fertilizer have 
large surface area and particle size less than the 
pore size of leaves of the plant which can 
increase penetration into the plant tissues from 
applied surface and improve uptake and nutrient 
use efficiency and uptake of the nutrients. 
(Dimkpa et al., 2015 and Qureshi et al., 2018). 
The positive effect of foliar applied nitrogen, 
phosphorus, and potassium to sustain proper leaf 
nutrition as well as carbon balance, and improving 
photosynthetic capacity is well established 
(Gosavi et al., 2017).  
 

 
Table (3): Effect of spray of Different Sources of Nano-fertilizers in plant height cm, length of spike 

cm , total chlorophyll SPAD and concentration of N, P and K in the leaves 
 
 

 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

  

K% P% N% 
Chloro
phyll 

 SPAD 

Length 
 of spike 

)cm( 

Plant 
Heigh 
)cm( 

Tr. NO 

1.22 0.22 2.00 43.44 8.44 67.22 T1 

1.88 0.46 2.76 48.66 11.00 76.78 T2 

2.20 0.33 2.53 47.84 10.77 73.33 T3 

2.33 0.40 2.34 45.78 9.97 71.55 T4 

2.66 0.60 2.88 55.64 11.66 81.55 T5 

2.88 0.66 3.17 58.22 12.22 87.77 T6 

2.22 0.46 2.55 50.55 11.00 77.78 T7 

0.108 0.017 0.303 1.133 1.098 2.142 LSD 0.05 

Table (4) Effect of  spray of Different Sources of Nano-fertilizers in (biological yield and 
grain yield, ton h-1), 1000 grain  weight  , harvest index% ,% protein and  Fertilizer 

productivity (Kg Kg-1) 
  

Fertilizer 
 productivity 

Kg  
Kg-1 

Protein 
% 

Harvest 
 index 

% 

weight of  
1000 

 grain g 

Grain 
 yield  

 Mg ha-1 

biological  
yield 

Mg ha-1 
Tr. NO 

0.00 11.94 35.27 39.69 4.060 11.499 T1 

1245.0 13.01 42.55 45.78 5.305 12.449 T2 

825.0 12.37 39.79 44.84 4.886 12.289 T3 

515.0 12.15 37.65 42.21 4.575 12.138 T4 

1581.0 13.33 43.18 47.25 5.642 13.047 T5 

1936.0 13.69 44.96 47.88 5.996 13.364 T6 

569.0 12.90 41.07 45.57 5.198 12.674 T7 

216.1 0.614 4.460 1.286 0.406 0.470 LSD 0.05 
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The foliar application is rapid uptake of 
nutrients during the fast growing period of crop 
especially if the soil was deficient in available of 
soil nutrients (Wojtkowiak et al., 2014 and Al-
Juthery and Saadoun, 2018). Foliar applied in 
combination of complete macro and 
micronutients, then there is a significant increase 
in wheat production (Afshar et al., 2014 and Zain 
et al., 2015). Root growth and vegetative in wheat 
was improved by foliar feeding of micronutrients 
which led to increase in uptake of macro and 
micronutrients (Bameri et al.,2012). Moreover, 
there is an increase in protein percentage of seed 
and yield components (Zain et al., 2015).  

      The increment in protein % and 
productivity of fertilizers can be due to the 
improvement in the growth and grain yield as a 
results of  spraying high number of nutrients in 
nano super micro plus (Masoud et al.,  2012 ; 
Havlin et al., 2014 and Khanday et al., 2017 ). The 
di combination spraying of N,P and K increased 
the yield and yield components of wheat crop (Al-
Kiyyam  et al.,2008; Al-Ajlouni  et al.,2009; Crista 
et al., 2014, Zain et al., 2015;  ) due to its 
stimulating role (Mer and Ama, 2014). On the 
contrary, Al-Juthery et al., (2018) found that when 
compared to the same quantity of 11essential 
nutrients nano-fertilizers was significantly superior 
to all growth parameters. 

CONCLUSION 
In conclusion, foliar application of super micro 

plus nano fertilizer at the rate of 1 kg ha-1 was 
optimum fertilizer treatment for growth, yield, 
nutrient uptake and fertilizer productivity, the 
results in this study showed that there was 
generally a positive effect of combined nano 
N+P+K, N+P ,N+K, P+K and traditional NPK+TE 
nutrients supply on growth and yield parameters 
of wheat in Iraqi conditions compared with control. 
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