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Introduction
Durum wheat (Triticum durum) is an important food crop globally 

with an estimated annual production of 37 million tons [1,2]. Its grain 
is rich with protein substance [3] and mostly utilized for the making 
pasta products and that’s why generally referred as pasta wheat [4-
6]. The quality of end-products is related to the quality of the durum 
grain, which, in turn, is mainly determined by the genotype, but also 
by the environment (weather and nutrition) and crop management. 

Nowadays nanotechnology is a developing objective strategy with the 
possibility to bring fundamental modification in the community [7]. 
In agronomy and meal industry, the yield and dietary rate enhanced 
due to progress in nanotechnology, and it provides the exclusive 
way of atomic or molecular substance management in improving 
disorders and ultimately upgrade the capacity of plants to assimilate 

supplements [8]. Nanoparticles (NPs) size ranges from 1 to 1000 
nm [9,10]. NPs have both beneficial and destructive consequences 
for agronomic characteristics, and yield of plants which ultimately 
incorporating with the changes in the nutritional value [11]. NPs 
quickly and totally consumed by the plants and improve nourishing 
requirements and insufficiencies [12]. Various NPs have been explored 
for their potential application in farming including copper (Cu), silica 
(SiO2), aluminum (Al), silver (Ag), zinc oxide (ZnO), iron oxide and 
titanium dioxide (TiO2) [13]. Some NPs like Ti (Titanium) and Cs 
(cesium) NPs aggregated in vital parts and edible segments of various 
crops such as rice, cucumber and wheat [14-16].

Iron (Fe) as the part of several vital enzymes activate biological 
responses and therefore performs a significant role in plant 
development [17]. Poor Fe availability in land caused harmful affect 
to wheat granules indirectly decreasing human food chain [3]. Fe NPs 
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have a positive role in betterment of dehydrated weights of leaf and 
crop of soybean [18,19] and promotes the germination rate of seeds of 
forage and medicinal plants [20]. Ferric oxide is standout amongst the 
most well-known attractive nanoparticles in drug and biomechanics 
[21]. Thus, in this perspective we proposed that the current study to 
evaluate the effect of nano-ferric oxide on durum wheat growth.

Materials and Methods
Experimental Site, Plant Material and Experimental Design

The current experiment to detect the impact of ferric oxide 
nanoparticles on durum wheat was conducted in the Botany 
Laboratory of University of Lahore, Sargodha Campus, Pakistan 
(2017-2018). The experiment was conducted by using completely 
randomized block design. Two genotypes of durum wheat (Preco and 
Kernos) were used as experimental material (Table 1).

Synthesis of Ferric Oxide Nanoparticles 

Ferric oxide nanoparticles were synthesized by chemical reduction 
of ferric chloride hexa-hydrate (FeCl3.6H2O) and onion extract 
using as source. A mixture of FeCl3.6H2O was prepared by dissolving 
968.37 mg of ferric chloride to one-liter distilled water. The solution 
was boiled for 4 min 10 sec. It was reduced stepwise by the addition 
of 30 mL of onion extract. The solution was boiled continuously until 
the color of solution changed to reddish brown. So, the resultant 
solution was the stock solution of Fe NPs having concentration 200 
ppm. Dilutions of the required concentrations were made from stock 
solution for further use.  Size of Iron nanoparticles was determined 
by Zeta Particle Analyzer. Size of the nanoparticles was determined in 
solution form. The size as tested by Zeta Particle Analyzer range from 
8 nm to 14 nm.

Table 1: Information about the two durum wheat genotypes used in this study.

Genotype
Registration

Pedigree
Year Country

Preco 1995 Italy EDMORE WPB881 
UNKNOWN

Kronos 1996 Southwest US APB MSFRS POP Sel (D03-
21)

Soil Analysis

The physicochemical properties of experimental soil were analyzed 
by using the method described Homer and Pratt [22]. The soil was clay 
loamy having pH 7.42, EC 3.05 dSm-1, available potassium 120 ppm 
and available phosphorus 6.5 ppm.

Experimental Procedure

The soil that used to conduct the experiment was air dried and sieved 
with a 1 cm mesh screen. Each pot was filled with 6 kg of soil with 
the prescribed dosages of potassium, phosphorus and nitrogen by 
utilizing Potassium chloride, Urea and DAP (0.5g/pot, 0.73g/pot and 
0.65g/pot) separately.  All pots were watered with tap water (100 ml) 
just before sowing. Eight seeds were sown in each pot for each variety 
under three replications. Ferric oxide NPs prepared in laboratory 
exposed to soil of each pot with 0 ppm (T0), 20 ppm (T1) and 50 ppm 
(T2) concentration. Weeds were physically and periodically discarded. 
Time domain reflectometer was used to analyze moisture level and 
water was applied according to the situation.

Data Observation

At the maturity stage, three plants from each pot were randomly 
chosen to measure the traits such as plant height, root length, spike 
length, awn length, internode length, number of leaves, number 
of spikelets, number of awns per spike, thousand grain weight, leaf 
rolling, relative water content, glaucousness and pubescence for each 
replication. For measuring leaf rolling, glaucousness and pubescence, 
we used 1-10 scale. 

Relative water contents were calculated by used following equation,

RWC = FW-DW/TW-DW * 100

Where, FW = Fresh weight; DW= Dry weight; TW= Turgidity 
weight

Statistical Analysis

The data of observed traits were subjected to analysis of variance 
(ANOVA) corresponding with two factorial randomized complete 
block design (RCBD) using the procedure of Steel et al. [23]. Statistical 
software Statistix 8.1 (Analytical, Tallahassee, FL, USA) was used to 
perform the analysis, and the treatment means were compared by 
using the Tukey’s HSD test (p ≤ 0.05).

Results and Discussion
Plant Height and Root Length

Results indicated that Fe NPs played a significant role in promoting 
plant height. Analysis of variance (ANOVA) for plant height and 
root length showed that highly significant (p≤0.001) difference 
exists between the treatments and genotypes (Table 2). Preco variety 
showed maximum plant height (109.56 cm) at 20 ppm treatment 
(T1), while the lowest value of plant height (91.59 cm) was observed 
of Kronos variety under 50 ppm treatment (T2). Kronos variety has 
the significantly lower plant height (94.983 cm) under the control 
conditions (T0) and the similar trend were observed under all 
treatments. The research results showed plant height increased up 
to 20 ppm concentration and decreased under 50 ppm treatment 
(Figure 1a). Our results are similar to Yuan et al. [24] who found that 
Fe nanoparticles significantly promotes the plant height of Capsicum 
annuum under limited concentrations.

 Plant root system helps in water absorbing deep beneath the surface. 
Preco variety showed maximum root length (19.42 cm) at 20 ppm 
treatment (T1), while the lowest value of root length (14.51 cm) was 
observed of Kronos variety under 50 ppm treatment (T2). Kronos 
variety has the significantly lower root length (15.58 cm) under the 
control conditions (T0) and the similar trend were observed under all 
treatments. Interestingly the percentage increment in the root length 
(15.362 %) in Kronos variety was higher than Preco as compared to 
the control conditions (Table 3). The research results showed root 
length increased up to 20 ppm concentration and decreased under 
50 ppm treatment (Figure 1b). These results are in accordance with 
Yuan et al. [24] who proved that root length increased with a limited 
concentration of iron oxide nanoparticles in both Capsicum annuum 
(chillies) and Arachis hypogaea (peanut) [25]. Ferric oxide NPs were 
found to improve the length of wheat shoots and roots [26]. It has been 
discovered that NPs have a lot of promise for supplying nutrients to 
plants [27]. Another argument for higher plant growth with NPs could 
be because nutrients like Fe drive chlorophyll production and the 
redox process in plants, both of which may benefit plant development 
[28].

 Spike Length, Awn Length and Internode Length

Analysis of variance results for spike length, awn length and 
internode length indicated the highly significant differences (p<0.001) 
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for treatments and genotypes but the interaction between them 
was non-significant except the spike length which showed higher 
significant (p<0.01) interaction among treatments and genotypes 
(Table 2). Under 20 ppm treatment (T1) both varieties Preco and 
Kronos showed the highest spike length values 12.48 cm and 11.84 cm 
respectively. The lowest spike length (8.22 cm) was recorded for Kronos 
under T2 treatment (Figure 2a).  The spike length was increased in the 

Preco variety under the T1 and T3 treatment as compared to control 
treatment (22.306 %, 2.809 %) respectively (Table 3). These results are 
similar to Yasmeen et al. [29] who stated that analysis of iron NPs at 
25 ppm concentration increased the spike length of wheat. Rizwan et 
al. [30] confirmed that the iron oxide NPs improves the spike length 
of wheat.

Figure 1. a: Plant height b. Root length. Comparison of durum wheat characteristics under different levels of nano-ferric oxide application. Means with different 
letters are significantly different (Tuckey’s HSD, p ≤ 0.05).

Table 2: Analysis of variance results of observed traits of durum wheat under different levels of nano-ferric oxide.

Traits Treatment (T) Variety (V) T × V
Plant height 63.78*** 61.00*** 2.19NS
Root length 74.86*** 38.27*** 0.00NS
Spike length 83.54*** 37.29*** 9.27**
Awn length 93.67*** 220.56*** 1.53NS

Internode length 111.28*** 20.74*** 2.75NS
Number of leaves 119.82*** 8.22* 1.08NS

Number of spikelets 71.38*** 18.33** 2.76NS
Number of awns per spike 79.47*** 0.00NS 4.45*

Thousand-grain weight 43.87*** 25.99*** 0.74NS
Leaf rolling 240.01*** 0.70NS 14.19**

Relative water content 44.81*** 55.43*** 7.08**
Glaucousness 23.57*** 21.48*** 1.47NS
Pubescence 35.93*** 20.92*** 1.65NS

NS = Non-significant; * = Significant at p≤0.05; ** = Significant at p≤0.01; *** = Significant at p≤0.001

Preco variety showed maximum awn length (19.83 cm) under T1 
treatment, and the lowest value (13.29 cm) was observed in Kronos 
variety under T2 treatment. Kronos variety has the significantly 
lower awn length (14.42 cm) under the control conditions (T0) as 
compared to Preco variety and the similar trend were observed under 
all treatments. Interestingly the percentage increment in awn length 
(16.663 %) in Kronos variety was higher than Preco as compared to 
the control conditions (Table 3). The research results showed that 
awn length increased up to 20 ppm concentration and decreased 
under 50 ppm concentration (Figure 2b). Maximum internode length 
(19.12 cm) was observed under T1 treatment in Preco variety, while 
the lowest value (13.14 cm) was observed of Kronos variety under T2 
treatment. The increment rate of internode length under T1 treatment 
was higher in Preco variety as compared to Kronos such as 20.201 %, 
16.678 % respectively (Table 3). Kronos variety has the significantly 
lower internode length (14.71 cm) under the control conditions (T0) 
and the similar trend were observed under all treatments. The research 

results showed internode length increased up to 20 ppm concentration 
and decreased under 50 ppm treatment (Figure 2c). 

Number of Leaves, Number of Spikelets, Number of Awns Per 
Spike and Thousand-Grain Weight

Analysis of variance results for number of leaves, number of spikelets 
and thousand-grain weight indicated the highly significant variations 
(p<0.001) among treatments and genotypes but the interaction 
between them was non-significant (Table 2). While for number of 
awns per spike, the analysis of variance results revealed the highly 
significant variations among the treatments but non-significant for 
varieties (Table 2). Leaves are the most important parts of plant because 
of photosynthesis. These have stomata and therefore role in stomatal 
conduction. Under T1 treatment both varieties Preco and Kronos 
showed the highest number of leaves 14.55 and 13.66 respectively. The 
lowest number of leaves (8.77) were recorded for Kronos under T2 
treatment (Figure 3a). The results revealed that number of spikelets 
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was significantly increased in T1 treatment while it decreased in T2 
treatment. Maximum number of spikelets was observed under T1 
treatment in Preco variety (23.77), while Kronos variety also showed 

increase in number of spikelets (21.99) under T1 treatment and this 
increase was higher than the Preco variety as compared to control 
(17.86 %, 14.42 % respectively; (Figure 3b) (Table 3). 

Figure 2. a: Spike length b. Awn length c. Internode length. Comparison of durum wheat characteristics under different levels of nano-ferric oxide application. 
Means with different letters are significantly different (Tuckey’s HSD, p ≤ 0.05).

Figure 3. a: Number of leaves b. Number of spikelets c. Number of awns d. Thousand grain weight. Comparison of durum wheat characteristics under different 
levels of nano-ferric oxide application. Means with different letters are significantly different (Tuckey’s HSD, p ≤ 0.05).

Maximum increase in number of awns was observed under T1 
treatment (20 ppm). Preco variety showed highest number of awns at 
20 ppm treatment with 55.88 mean value.  Kronos showed number of 
awns value of 55.11 in 20 ppm treatment. Under the T2 treatment the 
number of awns were significantly decreased in both varieties (Figure 
3c) (Table 3). It is one of the vital yields contributing components 
considered as a significant part in deciding yield capability of an 

assortment. Maximum thousand-grain weight (49.49 g) was observed 
under T1 treatment in Preco variety, while the lowest value (38.21 g) 
was observed of Kronos variety under T2 treatment. The increment 
rate of internode length under T1 treatment was little bit higher in 
Kronos variety as compared to Preco; 12.40 %, 12.66 % respectively 
(Table 3). The research results showed thousand-grain weight increased 
up to 20 ppm concentration and decreased under 50 ppm treatment 
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(Figure 3d). Nanoparticles application resulted in yield enhancement 
at 20 ppm of nanoparticles progressively. Fe is one of the most critical 
rare elements that plants, and animals require. It is an important 

component of cell metabolism and is involved in photosynthesis, 
respiration, enzyme activity, and other processes [31]. 

Table 3: Percentage (%) variation of observed traits of durum wheat varieties as compared to control under different application levels of nano-ferric oxide.

Traits Treatments
Varieties

Preco Kronos

Plant Height
T1 8.989 6.085
T2 -4.042 -3.569

Root Length
T1 14.081 15.362
T2 -6.012 -6.868

Spike Length
T1 22.306 22.096
T2 2.809 -15.292

Awn Length
T1 9.234 16.663
T2 -10.997 -7.881

Internode Length
T1 20.201 16.678

T2 -14.627 -10.696

Number of Leaves
T1 13.935 8.842
T2 -22.599 -30.111

Number of 
Spikelets

T1 14.423 17.86
T2 -11.776 -3.572

Number of Awns Per 
Spike

T1 14.837 5.87
T2 -5.254 -11.088

Thousand-Grain 
Weight

T1 12.655 12.696
T2 -7.564 -4.515

Leaf Rolling
T1 -48.541 -24.026
T2 16.216 38.961

Relative Water 
Content

T1 4.355 11.844
T2 -3.181 -7.238

Glaucousness
T1 7.17 5.809
T2 -11.599 -6.846

Pubescence
T1 17.668 26.278
T2 -6.184 -16.202

(Note: Positive (+) values indicated the increment while negative (-) values presented reduction of specific trait as compared to control)

Leaf Rolling and Relative Water Content

Leaf rolling reduced the ability to absorb sunlight. The results of leaf 
rolling trait indicated that this was significantly different at (p<0.001) 
among treatments and interaction between treatments and genotypes 
was also significant at p<0.01 (Table 2). The results revealed that leaf 
rolling was significantly decreased in T1 treatment while it increased 
in T2 treatment. The highest decrease was observed in Preco variety 
(1.59, 48.54 %) as compared to control (Figure 4a) (Table 3). The 
highest increase in leaf rolling value was observed in Kronos variety 
under T2 treatment (3.57, 38.96 %). Our results are in accordance with 
Bogale et al. [32] who proposed that grain yield altered by leaf position 
and rolling. In current study the decrease in leaf rolling suggests its 
role in higher yield.

Relative water contents are proportionally associated with water 
quantity in soil [33]. Results of relative water contents revealed the 
highly significantly variations (p<0.001) among treatments, varieties 
and their interaction (Table 2). The highest value of relative water 
contents (94.81) was observed in Preco variety under T1 treatment 
(Figure 4b), while the lowest value of relative water contents (76.64) 
was observed in Kronos variety under T2 treatment.

 Glaucousness and Pubescence

According to Richards [34] spot estimation of leaf photosynthesis 
may fluctuate with leaf development and leaf surface. Glaucousness, 
the waxy bloom on the surface of leaves and other plant components, 
is related to wheat grain output [35]. Leaf pubescence (hairiness) has 
a wide phenotypic range and plays an important biological role in pest 
resistance and adaptability to the environment [36]. Pubescence has 
been shown to be significant for water retention in spring common 
wheat and is generally connected with a more efficient use of water 
[37,38].

The result of current investigation shows that the glaucousness 
and pubescence values were significantly different at (p≤0.001) for 
treatments and genotypes but their interaction was non-significant 
(Table 2). The highest glaucousness value (9.52) were observed under 
T1 treatment in Preco variety. While the lowest glaucousness value 
(7.48) were observed under T2 treatment in Kronos variety (Figure 
5a). Similarly, the maximum increase (7.71 %) in glaucousness were 
observed in Preco variety under T1 treatment. In Kronos variety 
the glaucousness value (5.81 %) also significantly improved in T1 
treatment as compared to control (Table 3). Maximum increase in 
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value of pubescence was observed under T1 treatment (20 ppm). 
Preco variety showed highest pubescence at 20 ppm treatment with 
8.88 mean value.  Kronos showed pubescence value of 8.31 in 20 
ppm treatment and this increase was higher than the Preco variety 
pubescence as compared to control (26.28 %, 17.67 % respectively). 

Under the T2 treatment the pubescence values were significantly 
decreased in both varieties (Figure 5b) (Table 3). Our results suggest 
that the increase in the glaucousness and pubescence value under the 
application of optimistic level of ferric oxide NPs can also promotes 
the wheat resistance for biotic and abiotic stresses. 

Figure 4. a: Leaf rolling b. Relative water content. Comparison of durum wheat characteristics under different levels of nano-ferric oxide application. Means with 
different letters are significantly different (Tuckey’s HSD, p ≤ 0.05).

Figure 5. a: glaucousness b. Pubescence. Comparison of durum wheat characteristics under different levels of nano-ferric oxide application. Means with different 
letters are significantly different (Tuckey’s HSD, p ≤ 0.05).

Conclusion
In recent study the durum wheat genotypes were evaluated under 

different nano-ferric oxide. Results shows that nano-ferric oxide 
could improve the plant growth and development at the critical 
point. But we found that higher dose of nano-ferric oxide harmful 
for plant health. Nano-ferric oxide application at the level of 20 
ppm significantly enhanced durum wheat observed traits in both 
genotypes. Preco genotype showed the highest plant height (109.56 
cm), root length (19.42 cm), spike length (12.48 cm), awns length 
(19.83 cm), internode length (19.12 cm), number of leaves (14.55), 
number of spikelets (23.77), number of awns (55.88), thousand-grain 
weight (49.49 g), relative water contents (94.81), glaucousness (9.52) 
and pubescence (8.88). Nano-ferric oxide application at the level of 50 
ppm significantly decreased as compared to control which indicated 
that higher application of nano-ferric oxide from optimal point 
harmful for plant growth.
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