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To investigate the field efficacy of foliar applied Zn at variable doses and time of application for enriching Zn concentration in different milling 
fractions of wheat grain and Zn loading capacity of different grain milling fractions.

A field experiment was carried out involving four graded 
Zn sprays (0.1, 0.2, 0.3, and 0.4%) with water-spray as control, applied at 
flowering stage of wheat crop at weekly intervals.Harvested wheat grains 
were pearled into nine fractions from the surface to the center using two 
rice polishers (JNMJ7 and JNMJ6). The rice polishers were able to 
separate the wheat grain fractions. Zinc concentration in the whole grain 
and grain fractions (layer 1 to layer 9) of wheat samples were digested 
with di-acid mixture and estimated on an Atomic Absorption 
Spectrophotometer.

Foliar application of Zn (0.3-0.4% Zn) at 14 or 21 days after 
-1flowering (DAF) increased Zn in whole grain by 15.3-17.0 mg kg  (p < 

st0.05). Zn spray enhanced Zn concentration in all the grain layers i.e. 1  to 
th9  layers (L), albeit in endosperm layers (L -L ) by a maximum of 10.8 mg 3 8

-1kg . However, Zn loading capacity differed in different fractions and was 
in the order L >L >L >L ≥ L ≥L  (p < 0.05). 8 6 7 5 4 3

Foliar spray of Zn in wheat with optimum dose (0.3-0.4%) 
and time (14-21 DAF) can enhance Zn acquisition and loading to grain 
endosperm with a higher yield.
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increasing the Zn content in different milling fractions of wheat 
grain (targeting particularly the endosperm).

Materials and Methods

Site characteristics: Winter wheat (Triticum aestivum L.) 
cultivar Ningmai 13 was grown in the experimental station of 
Nanjing Agricultural University located at Yizheng, Yangzhou, 
Jiangsu province, China during winter season. The cultivar 
Ningmai 13 is a widely grown variety in Jiangsu province and 
adjoining areas of the province. This location is a representative 
site within the facultative wheat zone. Climate is semi-humid 

owith an average temperature of 13 C and an annual rainfall of 
600 mm. Experimental soils was classified as an Earth-cumuli 
Orthic Anthrosol. Before the initiation of the experiment, the soil 
was analyzed for di-ethylene-triamine pentaactic acid 
extractable Zn (Lindsay and Norvell, 1978) and the Zn content 

-1in soil was 0.61-0.64 mg kg . The critical level of DTPA 
extractable Zn for wheat grown on Earth-cumuli Orthic 

-1Anthrosol of South China varies from 0.34-0.87 mg kg  soil. 

The soil of the experimental field was also analyzed for 
alkaline permanganate oxidizable nitrogen (N), available 
phosphorus (P), 1 N ammonium acetate exchangeable potassium 
(K), soil organic carbon and soil pH (1:2.5 soil: water ratio). At the 
beginning of the experiment. The properties of experimental soil at 
0–15 and 15–30 cm depth were as follows: pH 7.31-7.86, electrical 

-1conductivity 0.26-0.24, organic carbon 12.3-10.8 g kg  soil, bulk 
-3 -1density 1.35-1.42 mg m , available nitrogen 161.4-149.3 mg kg , 

-1available phosphorus 46.3-38.4 mg kg , available potassium 
-1 -1117.4-108.6 mg kg , available sulfur 32.2-28.7 mg kg , DTPA 

-1extractable Zn 0.64-0.61 mg kg  and DTPA extractable Fe 6.41-
-15.72 mg kg , respectively. The soil texture was clay loam.

Treatment and experimental design: Four graded doses of Zn 
[0.1, 0.2, 0.3 and 0.4% Zn and one water-spray control treatment 
were applied as foliar spray at flowering (50% flowering stage), 
and 7, 14, and 21 days after flowering. Treatments were laid out in 
a Factorial randomized block design with three replications. In all, 
there were sixty plots and the dimension of each plot was 5 m × 4 
m. The source of Zn was ZnSO .7H O (23% Zn) and was applied 4 2

-1using a spray volume of 600 l ha  as per treatments. All solutions 
contained 0.01% ‘Tween’ as a surfactant. The foliar zinc 
treatments were applied in the afternoon (16:00 to 18:00 hr) under 
windless condition. 

Crop management and evaluation of grain yield: The field 
was ploughed twice followed by harrowing and planking. The 

thwheat crop was sown on 20  November following a row-spacing 
of 25 cm. The crop was irrigated at crown initiation stage, 
tillering, late jointing, flowering, and dough stages. Before 

-1sowing, fertilizer dose of N: P O : K O at 120: 60: 120 kg ha  2 5 2
-1was applied basal. At jointing stage, 120 kg N ha  was top 

dressed in standing wheat crop. Other field management was 
conducted following local practices. At maturity, the wheat 

2plants were harvested in a 9 m  area (3 m × 3 m) from the centre 

Introduction

Zinc malnutrition in humans is a widespread challenge, 
almost affecting 1/3  of world’s population (Welch and Graham, 
2004). Worldwide, almost 50% of the soils are deficient in Zn and 
thereby affects the Zn nutrition of the crop and crop tonnage 
(Cakmak, 2008). Wheat is an important cereal crop (Shewry, 
2009), mostly consumed as flour-derived products (Li, 2006). 
Zinc deficiency is extensive in wheat growing areas of Asian 
countries (Alloway, 2008). Equally, wheat is mostly grown in 
succession to rice where soil available-Zn is low (Hazra et al., 
2014). Therefore, fortification of wheat grain (endosperm in 
particular) with Zn would increase the human Zn intake and 
alleviate the widespread challenges of micronutrient 
malnutrition. Agronomic biofortification has been proposed as 
easier, faster, and sustainable strategy and already has shown 
positive results in cereals (Cakmak, 2008; Zhao et al., 2009). 
However, soil conditions like pH, moisture stress may limit crop 
response to soil application of Zn (Bagci et al., 2007; Sajedi et 
al., 2010). Therefore, foliar application has been recommended 
as realistic and strategic approach of Zn biofortification, 
irrespective of soil conditions. Studies have shown higher 
phloem mobilization and Zn loading to sink (grain) in wheat crop 
(Ozturk et al., 2006; Ranjbar et al., 2007).

Zn doses and its time of application may influence the 
wheat crop response to Zn foliar spray (Cakmak, 2008). A correct 
combination of Zn dose and its time of spray with reference to 
crop stage may improve Zn use efficiency and grain Zn content. 
Wheat is primarily consumed as flour-derived products and 
during the milling process bran and embryo portions are 
removed, which are rich in Zn, and endosperm part is consumed 
in human diet (Ozturk et al., 2006; Persson et al., 2009). 
Therefore, Zn fortification of endosperm is an important topic in 
terms of human Zn nutrition. Genetic engineering approaches 
are also being targeted to increase the Zn content in grain that 
focuses on endosperm expression of proteins with high Zn-
binding capacity (Brinch-Pedersen et al., 2007). Ozturk et al. 
(2006) used dithizone staining method and reported that Zn is 
predominantly located in the embryo and aleuronic parts of the 
grain. During milling process, Zn enriched bran and embryo 
parts are usually removed (Onipe et al., 2018; Onipe et al., 
2019).

According to Vignola et al. (2016), a substantial part of Zn 
ranging between 19-68% is lost during flour making process. 
Therefore, the success of Zn fortification depends on Zn loading to 
endosperm fractions. The transport of Zn into endosperm increases 
with seed maturity indicating that Zn accumulation in endosperm 
can be increased through late-season foliar application of Zn 
(Cakmak et al., 2010). The experiment was hypothesized that late 
application (from anthesis) of foliar Zn spray increases Zn content 
in milling fractions of wheat, particularly endosperm and Zn 
loading capacity of different grain milling fractions are variable. 
Given that, a study was conducted to envisage the field efficacy of 
foliar applied Zn at variable doses and time of application for 

rd
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Statistical analysis: Statistical analysis of the data was performed 
by applying ANOVA using the online statistical program OPSTAT 
(Sheoran et al., 1998). ANOVA mean comparisons were performed 
in terms of least significant difference.

Results and Discussion

The grain fractions were obtained as per desired scale 
with a deviation of 1-7% for L  to L . The average weight share of 1 9

different milling fractions recorded to the tune of 17.08, 9.66, 
-110.11, 10.69, 9.48, 10.08, 9.66, 9.41, 9.49 g100  g in the L , L , L , 9 8 7

L , L , L , L , L  and L , respectively. Zinc foliar spray markedly 6 5 4 3 2 1

increased Zn content in upper grain fractions i.e. L  and L  (p< 1 2

0.05), which primarily represented the wheat bran (Fig. 1). Among 
all the nine fractions (L -L ) of grain, the higher Zn contents were 1 9

observed in L  followed by L . Higher Zn loading capacity was 1 2
-1 -1observed, i.e., 14.2 mg kg  (52%) and 14.8 mg kg  (80%) for L  and 1

L , respectively. Late application of Zn (14 DAF and 21 DAF) 2

resulted in the higher Zn content in L  and L  fractions over early 1 2

application (at flowering and 7 DAF). Spray Zn concentration at 0.3 
or 0.4% had higher Zn content in L  and L . Significant interaction of 1 2

spray Zn dose (ZnD) and spray time (ZnT) was observed for Zn 
content in L  fraction, but not in L  (Fig. 1). These results 2 1

demonstrated an increased efficiency to absorb Zn through 
leaves and its subsequent translocation to sink (grain). Grain Zn 

-1content increased by almost two folds (35 mg kg ) with Zn foliar 
spray which supports higher leaf Zn acquisition and sink loading 
in wheat (Phattarakul et al., 2012; Mabesa et al., 2013).

Several previous studies also reported the higher phloem 
mobility of Zn in wheat (Rengel et al., 1999; Cakmak et al., 2010). 
Low soil available-Zn in study soil could be one of the reasons for 
the oversized response of wheat crop to Zn foliar spray. Both Zn 
spray concentration and spray timing had strong effect on Zn 

of the plot. These plants were used to determine plant biomass, 
and grain yield. The harvested grains were threshed and stored 
for fractionation and nutrient analysis.

Sample preparation and analysis of Zn content: The grain 
samples were rapidly washed three times using deionized 
water for 30 sec each time and of dried at 60°C. Grains were 
pearled into nine fractions from the surface to the center 
following the methods of Liu et al. (2007) with two rice polishers 
(JNMJ7 and JNMJ6, Taizhou Grain Industry Instrument Corp, 
China). In brief, 100 g of grains were pearling eight sequential 
fractions from outmost part of the grain, which corresponded to 
L  (0-10%), L  (10-20%), L  (20-30%), L  (30-40%), L  (40-50%), 1 2 3 4 5

L  (50-60%), L  (60-70%) and L  (70-80%). 6 7 8

The residue (the innermost part) was ground into 
powder with a high-speed stainless grinder (FW100, Tianjin 
Taisite Instrument Co., Ltd, Tianjin, China) and designated as L  9

(80-100%). Thereafter, nine different fractions were kept in an 
airtight polythene bags for estimation of Zn content. Zinc in the 
whole grain and grain fractions (layer 1 to layer 9) of wheat 
samples were digested using di-acid mixture. The 
concentration  Zn in the digested samples was estimated using 
an Atomic Absorption Spectrophotometer (Prasad et al., 2006) 

-1and expressed in mg kg .

Calculation of apparent Zn recovery: Apparent recovery 
efficiency is one of the more complex forms of nutrient use 
efficiency expressions and is most commonly demonstrated as 
difference in nutrient uptake in above-ground parts of the plant 
between the fertilized and unfertilized crop relative to the quantity 
of nutrient applied. It is the quantity of zinc absorbed per unit of 
zinc applied and is expressed as per cent. Apparent zinc recovery 
efficiency was calculated as per Singh and Ahlawat (2007) and 
Fixen et al. (2015).

Table 1: Grain yield of wheat crop as influenced by different graded dose of foliar application Zn and their time of application

-1Grain yield (t ha )
Spray Zn conc. (CON ) Time of Zn spray (TS )Zn zn

FL 7 DAF 14 DAF 21 DAF Mean

Water spray 4.65 4.62 4.68 4.71 4.66
Zn 4.58 4.81 5.03 5.03 4.860.1%

Zn 4.82 5.02 5.22 5.32 5.100.2%

Zn 5.01 5.15 5.41 5.45 5.260.3%

Zn 5.07 5.25 5.42 5.41 5.290.4%

Mean 4.83 4.97 5.15 5.18
LSD (p = 0.05)
CON 0.07Zn

TS 0.06zn

CON   × TS 0.14Zn zn

FL: Flowering; DAF: Days after flowering
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content in L  to L  fractions that represent major part of the 3 8

endosperm (Fig. 1). Zinc dose @ 0.3% or 0.4% and late 
application (14 DAF or 21 DAF) increased the Zn content in L  to L  3 8

fractions over water-spray treatment (p< 0.05), and the treatment 
trend was almost similar for these grain fractions. In the L -L  3 8

fractions as whole, Zn content increased by maximum to the tune 
-1of 10.8 mg kg . Sink capacity for Zn loading (times increase over 

water spray) was in the order L  (2.6) > L  (2.4) > L  (2.0) > L  (1.9) 8 6 7 5

≥ L  (1.9) L  (1.8). Interestingly, Zn foliar spray increased grain 4 3

Zn content along with higher yield level. The parallel increase in 
grain Zn content and yield indicated that Zn may be the major 
limiting factor and the crop might have a hidden hunger for Zn. 
Karim et al. (2012), demonstrated that Zn probably contributes to 
better stress tolerance of plants by improving anti-oxidative 
defense mechanisms against drought-induced oxidative cell 
damage. In accordance with our results, the positive yield 
responses to Zn have been reported in cereals, including rice and 
wheat (Katyal and Rattan 2003; Prasad et al., 2014; Gaikwad et al., 
2020). Previous studies suggest that irrespective of soil Zn status, 
soil moisture deficit and prolonged sunny days aggravate crop 
sensitivity to Zn deficiency possibly because of photo-oxidative 
damage in leaves and reduced Zn diffusion to root surfaces 
(Cakmak 2000; Bagci et al., 2007; Sajedi et al., 2010). Further, it is 

rdimportant to note that 1/3  of wheat growing areas are deficient in 
DTPA-extractable Zn. Thus, foliar fertilization for Zn fortification is 
a win-win strategy.

The lower grain fraction (L ), containing the embryo part, 9
-1increased by 5.8-14.5 mg kg  with Zn foliar spray treatments (Fig. 1). 

Similar to other fractions, the higher Zn content in L  fraction was 9

 ≥ 

-1Fig. 2: Matrix plot of changes in Zn concentration (mg kg ) in different layers of wheat grain with response to Zn treatments (a). Allocation of Zn content in 
grain fractions (L -L ) as influenced by Zn foliar spray treatments (b). Zn content in whole grain as influenced by different Zn foliar spray treatments (c). 1 9

The error bar represents mean ± S.E. FL: At flowering; DAF: Days after flowering. 

Fig. 3: Zinc recovery (%) in grain as influenced by different Zn treatments 
in wheat crop. ZnD: Zinc spray dose (factor 1); ZnT: Zinc spray timing 
(factor 2); FL: At flowering; DAF: Days after flowering. 
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grain Zn as reported in India (Ram et al., 2016) and China 
(Wang et al., 2015) in rice and wheat (Zou et al., 2019; Gupta et 
al., 2021). A strong positive correlation (r = 0.91, p < 0.001) 
between Zn content in grain parts and total grain Zn content and 
grain yield were observed. The correlations between Zn content 
in different grain parts (L -L ) were strongly positive and highly 1 9

significant (p < 0.001). 

Therefore, it is concluded from the study that the scale 
of agronomic biofortification with Zn foliar spray is mainly 
depends on appropriate dose and time of application. Foliar 
spray of Zn @ 0.3-0.4% and the time of 14-21 DAF could 
increase the Zn concentration in edible grain fractions as well as 
increase the crop productivity.
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