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Abstract
The burgeoning population has forced farmers to grow wheat on light-textured low-zinc (Zn) soils which are otherwise 
not suitable for wheat cultivation. Growing Zn efficient wheat cultivars under such conditions along with Zn application 
is a sustainable approach to achieve higher Zn content and crop yield. Hence, screening of Zn efficient bread, durum and 
triticale wheat genotypes is necessary for their differential response toward foliar Zn application owing to their variable 
genetic characteristics. A field experiment was conducted on 16 (bread, durum and triticale) wheat genotypes with foliar 
application of Zn at different physiological stages for two years. Zinc application resulted in a maximum increase of grain 
and straw yield for the triticale genotype-TL2942 (48.2%) and bread genotype-PBW343U (68.4%) over the control. The grain 
and straw concentration of Zn increased to a maximum in the durum genotype-HD2967 (68.5%) and bread genotype-PBW 
621 (51.2%) over the control. With respect to grain yield efficiency index (GYEI) and grain Zn accumulation efficiency 
index (ZAEI), PBWZn1 (95.8) and TL2969 (127.9), respectively, responded better to the Zn application. Based on GYEI 
and ZAEI, the genotypes TL2969, PDW291 were categorized as efficient and responsive, PBWZn1, HD2967, PBW621, 
PDW274, PBW343U efficient and non-responsive, PDW233, PDW314, PBW677, WHD943, TL2908, PBW725 inefficient 
and responsive as well as PBW550U, PBW550, TL2942 inefficient and non-responsive. The TL2969, PDW291 genotypes 
of wheat are most desirable for economical production due to higher yield and more Zn accumulation in low-Zn soil.

Keywords  Wheat genotypes · Zinc accumulation · Grain yield · Grain and zinc efficiency index · Efficient and responsive 
genotypes

Introduction

Wheat (Triticum aestivum L.) is an important cereal crop 
consumed directly by humans. Wheat straw is also used as 
livestock feed and for industrial purposes like cardboard, 
packing etc. (Tian et al. 2018). In India, wheat is cultivated 
on 30 m ha area and provides a major portion of the human 
nutritional requirement of proteins, calories and micronutri-
ents (GOI 2017; Cakmak and Kutman 2018). Bread wheat 
(BW) and durum wheat (DW) varieties are commercially 

important, whereas a triticale wheat variety is primarily 
grown for livestock feed. Bread wheat products mainly 
include bread, cookies, pastries etc. and DW is generally 
used for making pasta (Shewry 2018). Triticale wheat varie-
ties produced from a man-made cross of durum wheat and 
rye, have been utilized in bio-ethanol production (Zhu 2018).

Over the past few decades, wheat consumption has not 
been able to meet the recommended dietary allowance for 
zinc (Zn) due to inherently low Zn concentration globally. 
Low Zn concentration in grain is found to be associated 
with declines in available nutrient levels in soils, as the 
soil serves as the primary source for plant nutrients (Dhali-
wal et al. 2020). Over the past few decades, Zn deficiency 
was found to be prevalent in calcareous soils and soils hav-
ing high pH, worldwide. The analysis of two hundred and 
forty-one thousand soil samples from different regions of 
India reported low-Zn content in 49% of Indian soils. The 
problem is more prevalent in the north Indian region with 
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rice–wheat cropping systems due to inadequate soil man-
agement (Hussain et al. 2013). Thus, researchers have paid 
much attention to produce crops with the optimum level of 
Zn in low-Zn soils due to its essential physiological role 
in living organisms (Alloway 2008).In human beings, the 
deficiency of Zn affects epidermal, gastrointestinal, cen-
tral nervous, immune, skeletal and reproductive systems 
(Cakmak and Kutman 2018). Various measures have been 
reported by the scientific community to improve Zn levels 
in crops. Soil/foliar Zn fertilization has been advocated to 
alleviate Zn deficiency up to a certain extent; however, fer-
tilizer application may not prove effective due to the low 
nutrient utilization efficiency of a crop controlled by its 
genetic characters (Sciacca et al. 2018). Moreover, these 
measures may not be feasible due to the relatively high 
economic and labor costs.

The preliminary studies are necessary for the identifica-
tion of Zn efficient and responsive crop genotypes under 
low-Zn conditions to obtain optimum yield and Zn con-
centration. Zinc efficient genotypes refer to the genotypes 
that possess efficient utilization of Zn, whereas responsive 
genotypes are those which show a significant response to 
exogenous applied Zn (Singh et al. 2019). The screening 
may prove a cost-effective, eco-friendly and sustainable 
approach due to lesser use of fertilizers. Various reports on 
the screening of Zn efficient wheat genotypes under differ-
ent agroclimatic zones have been documented on a limited 
number of genotypes (Jhanji et al. 2013; Singh et al. 2019). 
In this paper, an attempt has been made to screen the latest 
developed Zn efficient wheat genotypes along with some 
genotypes registered earlier and are still performing well 
in agriculture production. Keeping this point in view, the 
present study was conducted to identify Zn efficient BW, 
DW and TW genotypes on a criterion of higher yield as 
well as higher Zn accumulation in low-Zn soil. The study 
would probably assist breeders in incorporating their effi-
cient characters or genes into high yielding wheat cultivars 
and improve malnutrition.

Materials and methods

Site description

A field experiment was conducted for two years (2018–2019, 
2019–2020) at the research farm of the Department of Soil 
Science, PAU Ludhiana (30° 56′ N, 75° 52ʹ E and 247 m 
above mean sea level), to determine the response of foliar 
application of Zn in 16 wheat genotypes (7-BW, 6-DW and 
3 TW). The parental lines, year of notification, duration of 
days and average yield (t ha−1) at the time of their registra-
tion by the state government is given in Table S 1.

Soil sampling and analysis

A composite soil sample was taken from the soil rhizosphere 
(0–15 cm) of the experimental site, air dried, sieved by a 
2 mm sieve and analyzed to study the basic soil properties 
and Zn content in the experimental soil. The physicochemi-
cal properties of the experimental soil were determined 
using standard methodology. The initial physicochemical 
properties of soil have been given in Table S 2.

Experimental detail

The experiment was laid out in a randomized block design 
with a single plot area of 30 m2 (6 m × 5 m) and the total 
experimental area was 30*128 m2 (16 cultivars * 2 treatment 
* 4 replications). The sowing was done with a drill with row 
to row spacing of 20 cm. The treatments comprised of two 
foliar sprays of ZnSO4.7H2O @ 0.5% (2.5 kg zinc sulphate 
in 500 L solution ha−1) at maximum tillering, flag leaf initia-
tion stage and no spray treatment. The recommended dose of 
N (123.5 kg ha−1), P (61.8 kg ha−1), K (61.8 kg ha−1) were 
added through urea, diammonium phosphate and muriate 
of potash, respectively. The whole of diammonium phos-
phate, muriate of potash and one-third of urea were applied 
at the time of wheat sowing using seed cum fertilizer drill. 
However, the remaining urea (two-third part) was applied in 
two equal splits after first and second irrigation. In all, four 
channel irrigations were applied throughout the crop season.

Plant sampling and analysis

For plant growth parameters, ten plants samples were tagged 
randomly from central rows to measure the plant height and 
spike length in centimeters. The grains of selected spikes 
were harvested manually to count their respective grain 
numbers and mean values were expressed as the number 
of grains per spike. The average weight and number of 
these grains were computed to express 1000 grain weight in 
grams. Grain yield was calculated per ha by taking the total 
plot area 12 square meters (4 m*3 m) by leaving 1 m buffer 
from all four sides. For Zn content, the grain and straw sam-
ples were collected after harvesting of the crop. Grain sam-
ples were dried in air, followed by oven drying at 60 °C. For 
analysis of straw, samples were first washed with tap water 
and then with 0.01 N HCl and distilled water to remove aer-
ial deposits/contaminants, followed by air drying and oven 
drying. Regarding the investigation, 0.5 g of dried finely 
ground, grain and straw samples were weighed and digested 
with 8 ml di-acid mixture (HNO3 + HClO4 in ratio 9:4) on an 
electric hot plate. The digested samples were cooled, diluted 
with distilled water and filtered. With appropriate dilutions, 
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the concentration of Zn in the digested plant samples was 
determined through atomic absorption spectrophotometer 
Model AA 240 FS, Company Varian, Germany.

Zinc accumulation in grain and straw

Zinc accumulation in the grain and straw was calculated 
by multiplying concentrations with respective yields. The 
grain yield efficiency index (GYEI) and Zn accumulation 
efficiency index (ZAEI) were estimated using the following 
equations (Graham et al. 1992).

Statistical analysis

The plant attributes, yield, Zn concentration and Zn accu-
mulation data of different wheat genotypes were calculated 
based on pooled data averaged for two years as the replica-
tion effects over the years were found to be non-significant. 
The data were analyzed using a one-way analysis of variance 
(ANOVA). Standard error of difference (SED) was worked 
out from the ANOVA table (Cochran and Cox 1957) by 
using SAS 9.2 software pack. The least significant differ-
ence (LSD) was used for comparison where F probabilities 
were significant (p < 0.05).

Results

Plant growth parameters and yield attributes

Significant variations in plant height, spike length, grain 
number per spike and 1000 grain weight of wheat geno-
types were observed with foliar application of Zn (0.5% 
ZnSO4.7H2O) as reported in Table S 3. In BW genotypes, 
plant height values varied from 84.6 (PBW550) to 92.2 cm 
(PBW677) without Zn application, whereas with foliar appli-
cation of Zn, it ranged from 90.5 (PBW550U) to 107.1 cm 
(PBW343U) with the maximum increase in PBW343U 
(26.0%). In DW genotypes, under control conditions plant 
height varied from 77.7 (PDW314) to 89.3 (HD2967) cm, 
whereas with foliar application of Zn the range varied from 
89.2 (PDW233) to 102.9 (PDW291, PDW314) cm. PDW314 
showed a superior response to Zn application with a 32.4% 
increase in plant height. Among TW genotypes, the Zn 
application did not affect the plant height significantly.

Znaccumulation
(

g ha−1
)

= Yield
(

tha−1
)

× Znconcentration
(

mgkg−1
)

GYEI =
Grain yield under control

Grain yield under foliar Zn application
× 100

ZAEI =
Zn accumulation under control

Zn accumulation under foliar Zn application
× 100.

In BW genotypes, the spike length varied from 6.3 
(PBW677) to 9.9 (PBW343U) cm under control condi-
tions. On the other hand, with foliar application of Zn, it 
ranged from 7.5 (PBW621) to 10.1 (PBW343U) cm. The 
superior response of spike length toward Zn application was 
observed in PBW677 (22.2%), whereas other genotypes did 
not respond to Zn application. In the case of DW genotypes, 
spike length varied from 5.8 (PDW291) to 8.1 (PDW274) 
cm under control conditions. When Zn was applied to these 
genotypes, it increased the range from 7.9 (PDW314) to 
9.8 (PDW233) cm with the maximum increase in PDW291 
(56.8%). In TW genotypes, maximum variation in spike 

length due to Zn foliar application was observed in TL2908 
(33.3%).

The grain number per spike in BW genotypes varied from 
173.5 (PBW677) to 353.5 (PBWZn1) without Zn applica-
tion. On the other hand, the Zn application increased the 
grain number per spike of these genotypes from 262.5 
(PBW667) to 463.5 (PBW550) with the maximum increase 
in PBW621 (71.7%). In DW genotype, grain numbers per 
spike varied from 215.0 (PDW314) to 385.5 (WHD943) 
under control conditions, whereas, with Zn application, it 
varied from 311.5 (PDW291) to 478.5 (PDW233) with supe-
rior response in PDW314 (88.1%). Among TW genotypes, 
TL2942 was found to be most responsive toward foliar Zn 
application with a 29.0% increase in grain number per spike.

The 1000 grain weight of BW genotypes ranged from 
34.9 (PBW550) to 52.4 (PBW550U) in control, whereas, 
with foliar application of Zn, it ranged from 38.2 (PBW677) 
to 52.3 (PBW621). PBW621 showed a superior response 
with the maximum increase of 1000 grain weight (40.5%). In 
DW genotypes, 1000 grain weight under control conditions 
varied from 36.1 (PDW274) to 45.4 (PDW291), whereas, 
foliar application of Zn increased it from 36.9 (WHD943) to 
46.3 (PDW314). Maximum increment in 1000 grain weight 
was observed for PDW233 (28.8%) followed by PDW274 
(27.9%). The significant response of TW genotype TL2908 
toward 1000 grain weight was observed with a 22.8% 
increase after Zn spray.

Grain and straw yield

The grain yield of BW genotypes under control conditions 
ranged from 4.44 (PBW677) to 4.94 (PBW343U) t ha−1, 
while, with Zn application, it varied from 4.97 (PBWZn1) to 
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5.88 (PBW550) t ha−1 (Table S 4). The maximum increase in 
grain yield among BW genotypes was observed in PBW550 
(26.4%). In the case of DW genotypes, grain yield varied 
from 4.44 (WHD943) to 5.19 (PDW274) t ha−1 without Zn 
application, whereas, foliar application of Zn resulted in 
improved grain yield 4.88 (HD2967) to 5.78 (PDW274) t 
ha−1 with a maximum variation in PDW233 (21.7%). Among 
TW genotypes, TL2942 was found to be most responsive 
toward Zn application with a maximum increase (24.4%) 
in grain yield.

The straw yield of BW genotypes under control condi-
tions ranged from 9.11 (PBW550U) to 10.09 (PBW725) t 
ha−1. Zinc foliar application increased the range of straw 
yield from 9.75 (PBW550U) to 10.76 (PBW725) t ha−1, 
with the maximum increase in PBW621 (14.4%). On the 
other hand, the straw yield of DW varieties ranges from 
8.10 (HD2967, PDW233) to 10.18 (PDW291) t ha−1 under 
control conditions and 9.45 (PDW233) to 11.3 (PDW291) t 
ha−1 under Zn application. The maximum response toward 
Zn application was observed in WHD943 (11.2%). Among 
TW genotypes, TL2942 was found to be most responsive 
toward Zn application with a maximum increase (18.8%) in 
straw yield due to foliar applied Zn.

Zinc concentration in grain and straw

The application of Zn increased the concentration of Zn in 
both grain as well as straw (Table S 5). The results showed 
that different wheat genotypes showed differential response 
toward the absorption of foliar applied Zn in nearly low-Zn 
soil (Zn 0.62 mg kg−1) having 0.60 mg kg−1 as a critical 
limit of Zn deficiency in the soil. In some genotypes, a con-
siderable difference was observed in Zn concentration of 
wheat seed before sowing and after harvesting. Among bread 
wheat (BW) genotypes, the PBWZn1 variety showed signifi-
cantly lower Zn concentration (16%) in wheat seed before 
sowing and after harvesting. Among durum wheat (DW) 
genotypes, HD2967 (24.2%) followed by PDW233 (13.2%) 
showed a significant decrease in Zn seed concentration.

Under control conditions, the Zn concentration of BW 
genotypes in grains ranged from 26.1 (PBW621) mg kg−1 
to 34.3 (PBWZn1) mg kg−1, whereas it ranged from 36.8 
(PBW725) to 55.4 (PBWZn1) mg kg−1 with the maximum 
increase in PBWZn1 (61.5%) due to Zn application. Zinc 
concentration of DW genotypes varied from 30.6 (PDW314) 
to 41.3 (PDW291) mg kg−1, whereas foliar application of Zn 
increased it from 35.4 (HD2967) to 57.1 (PDW291). Maxi-
mum response of grain Zn concentration to Zn application 
was observed for HD2967 (68.5%). Among TW genotypes, 
Zn foliar application enhanced grain Zn concentration maxi-
mum in TL2942 (27.7%).

In BW genotypes, Zn concentration in straw varied 
from 9.2 (PBW343U) to 15.7 (PBWZn1) mg kg−1 in the 

control, whereas with Zn application, it varied from 13.2 
(PBW677) to 19.2 (PBW550) mg kg−1. The maximum posi-
tive response of straw Zn concentration toward Zn appli-
cation was observed in PBW343U (68.4%). In the case of 
DW genotypes, Zn concentration in straw varied from 11.4 
(PDW274) to 15.9 (PDW233) mg kg−1 without Zn applica-
tion, whereas, with foliar application of Zn it ranges from 
13.9 (PDW274) to 22.0 (PDW233) mg kg−1 with maximum 
variation in PDW233 (38.3%). Among TW genotypes, TL 
2969 showed a superior response toward Zn application with 
a 27.5% increase in straw Zn concentration.

Zinc accumulation in grain and straw

The foliar application of Zn led to increases in Zn accumula-
tion in both wheat grain as well as straw in all the cultivars 
(Fig. 1). In BW genotypes, under control conditions, grain 
Zn accumulation ranged from 124.6 g ha−1 (PBW621) to 
162.9 g ha−1 (PBWZn1), whereas with Zn application, the 
range increased from 207.2 g ha−1 (PBW725) to 274.8 g ha−1 
(PBWZn1). Zinc accumulation in DW genotypes under 
control conditions varied from 96.0 (HD2967) to 195.6 
(PDW291) g ha−1, whereas foliar application of Zn increased 
it from 172.6 (HD2967) to 299.1 (PDW291) g ha−1. Among 
TW genotypes, Zn foliar application enhanced grain Zn con-
centration maximum in TL2942 (228.1–362.7 g ha−1).

Likewise, Zn accumulation in straw was also enhanced 
in each variety. In the case of BW genotypes, Zn accumu-
lation in straw without Zn application ranged from 89.0 
(PBW343U) to 143.6 g ha−1 (PBWZn1), whereas with Zn 
application, the range increased from 138.6 (PBW677) to 
191.6 g ha−1 (PBWZn1). On the other hand, in DW geno-
types, Zn accumulation in straw varied from 99.3 (HD2967) 
to 136.4 (PDW233) g ha−1 without Zn application, whereas 
foliar application of Zn increased it from 144.8 (PDW274) 
to 208.0 (PDW233) g ha−1. In the case of TW genotypes, 
Zn foliar application resulted in a maximum increase 
in Zn accumulation in the TL2942 genotype (133.4 to 
196.4 g ha−1).

GYEI and ZAEI of wheat genotypes

The GYEI and ZAEI of the genotypes were calculated to 
classify the genotypes based on grain yield and Zn accumu-
lation in low-Zn soil, and their responses to Zn application 
(Table S 6). Both the indices of the genotypes differed sig-
nificantly for each genotype. The GYEI of PBW621 (95.0) 
and PBWZn1 (95.8) among BW genotypes, HD2967 (94.0) 
and PDW291 (90.5) among DW genotypes and TL2969 
(91.6) of TW genotypes were more than the mean value 
(90.5). The higher and lower values of GYEI indicated the 
higher and lower grain yield, respectively, in low-Zn soil. 
The genotypes like PBW677 (83.8) and PBW725 (84.7) 
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among BW genotypes, PDW233 (122.2), PDW291 (127.9) 
and WHD943 (86.7) among DW genotypes as well as two 
TW genotypes TL2908 (84.5) and TL2969 (180.6) had 
higher ZAEI than the mean value of 77.8.

Based on the GYEI, PBWZn1 (95.8) among BW geno-
types, HD2967 (94.0) among DW genotypes and TL 2969 
(91.6) among TW genotypes would be considered as the 
most Zn efficient genotype. However, based on ZAEI 
PBW725 (84.7) among BW genotypes, PDW291 (127.9) 
among DW genotypes and TL2969 (180.6) among TW 
genotypes would be considered as the most Zn efficient 
genotypes. Thus, to classify genotypes based on either sole 
GYEI or sole ZAEI as a criterion is not feasible in the pre-
sent study. However, the above criteria might be applicable 
for the classification of genotypes possessing identical yield 
levels under non-limiting nutrient accessibility.

Classification of the wheat genotypes

The genotypes were classified into four classes based on 
their GYEI and ZAEI and these are shown in Fig. 2 (Singh 
et al. 2020). Class I included the Zn efficient and respon-
sive (ER) genotypes TL2969 and PDW291 that possessed 
higher efficiency indices than the mean values of 16 geno-
types. Class II comprised of five genotypes which showed 
Zn efficient and non-responsive (ENR) nature i.e., these 

genotypes had higher GYEI but lower ZAEI showing their 
low response toward Zn application. Class III included Zn 
inefficient and responsive (IER) genotypes with lower GYEI 
and higher ZAEI and showed a significant positive response 
toward Zn application. Class IV comprised of Zn inefficient 
and non-responsive (IENR) genotypes having lower GYEI 
and ZAEI than the mean values.

Discussion

Growth parameters and yield attributes

The positive impacts of Zn fertilization on wheat crop in 
low-Zn soil were demonstrated by significant improve-
ment in yield contributing parameters like increased plant 
height, spike length, grain number per spike and 1000-grain 
weight over the control. This finding is consistent with 
results obtained by Singh et al. (2019) on wheat crops. The 
improvement in growth parameters might be associated with 
the higher availability of Zn to perform major metabolic 
activities including carbohydrate metabolism, chlorophyll 
synthesis, and ribosomal functioning during the reproduc-
tive phase of crop growth (Kumar et al. 2019; Zulfidar et al. 
2020). Gomez-Coronado et al. (2017) also reported a sig-
nificant increase of 1000-grain weight along with qualitative 
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(protein content, phytate–zinc ratio and zinc content) and 
quantitative parameters on Zn application. The increase in 
the number of kernels per spike due to Zn application has 
also been reported (Liu et al. 2016). Seadh et al. (2009) 
found that Zn treatment resulted in the highest plant height 
and highest number of spikelets per spike among micronutri-
ent applications in wheat crop.

The results from Table S 5 reflected the importance of 
Zn application to reduce the gap between the potential and 
actual yield of wheat particularly in Zn deficient soil. Higher 
grain and straw yield in response to foliar Zn application 
might be attributed to the better availability of micronutri-
ents over the control having low Zn level in the soil. Dhali-
wal et al. (2009) reported 8.2% and 4.3% higher yields over 
control with the application of Zn in wheat cultivars for 
PBW 550 and PBW 343, respectively. The improvement in 
grain yield due to foliar applied Zn might be associated with 
its role in chlorophyll (Chl) biosynthesis, maintenance of 
Chl a/b ratio and plant photosynthetic apparatus along with 
biosynthesis of auxin, which regulates the re-translocation 
of carbohydrates to the grains (Liu et al. 2016; Rehman et al. 
2012). Moreover, the positive impact of Zn application on 
yield traits might be due to its structural feature as a metal 
component or regulatory in numerous key enzymes having 
a prominent role in plant metabolism, and maintenance of 
membrane integrity (Rehman et al. 2012).

Zinc concentration and accumulation

In some genotypes, a considerable difference was observed 
in Zn concentration of wheat seed before sowing and after 

harvesting. A decrease in Zn content in control plants after 
harvesting of wheat may be due to the internal genetic poten-
tial of wheat cultivars toward Zn accumulation as the basic 
Zn status of experimental soil was observed close to its criti-
cal limit (< 0.62 mg kg−1).

Also, different wheat genotypes showed differential 
responses toward Zn application for grain and straw Zn 
concentration. Significant improvement in grain Zn con-
centration with foliar applied Zn at different plant growth 
stages might be associated with the Zn mobility in wheat 
through crease phloem, which has been reported as the key 
path for transporting Zn to the endosperm (Cakmak et al. 
2010). Xue et al. (2012) observed that the application of Zn 
in wheat crops increased Zn concentration in grain by 8–10% 
due to its remobilization from leaves to grain (Xue et al. 
2012). Ram et al. (2015) also reported that the application of 
foliar Zn along with propiconazole at earing and milk stages 
proved beneficial in increasing grain Zn content in both rice 
and wheat. Foliar Zn fertilization at critical growth stages 
improved Zn concentration in BW (Abdoli et al. 2014). 
Zhang et al. (2010) also reported a significant increase in 
grain Zn concentration in wheat (68%) over the control with 
foliar Zn application at the grain-development stage.

Literature studies also revealed the existence of signifi-
cant differences in micronutrient concentrations in different 
varieties and thus their variable response toward nutrient 
application (Mathpal et al. 2015). Dhaliwal et al. (2019) also 
reported that foliar Zn application increased grain Zn con-
centration in BW, TW and DW genotypes varying from 31.0 
to 63.0, 29.3 to 61.8, and 30.2 to 62.4 mg kg−1, respectively. 
This variation might be related to differences in mechanisms 

Fig. 2   Classification of wheat 
genotypes for Zn efficiency 
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involved in accumulation, translocation of nutrients from the 
soil and internal utilization of micronutrients due to variable 
genetic make ups (Fageria and Baligar 2003). Among the 
tested varieties of wheat, 60–78% higher Zn concentration 
was found in grain as compared to straw. The higher Zn con-
centration in wheat grain than straw showed that Zn is more 
easily mobilized to grain than straw. Similar results were 
also reported by Dhaliwal et al. (2012). An increase in Zn 
concentration in different parts of wheat was also reported 
by Hussain et al. (2013). A similar increase in Zn was also 
reported by Dhaliwal et al. (2010) in rice grains.

In agreement with the present study, similar results of 
the increase in Zn accumulation by grain and straw were 
reported by Dhaliwal et al. (2013). Accumulation of Zn in 
grain was found to be dependent on the remobilization of 
Zn from shoot and the continued shoot accumulation of Zn 
during the grain-filling stage (Impa et al. 2013). In general, 
variation of Zn accumulation in grains is known to be asso-
ciated with the root acquisition and internal remobilization 
of stored Zn within the plants. Zinc deficiency induced 
ZIP transporters might have contributed to Zn uptake by 
roots and its transportation across the plasma membrane 
and cytoplasm (Liu et al. 2019). Apart from the inherent 
physiological parameters of plants, including root uptake 
and redistribution of Zn within the plant, environmental fac-
tors such as soil chemical and physical properties, climatic 
conditions and management practices, also play significant 
roles in variable grain Zn accumulation (Velu et al. 2012). 
Dhaliwal et al. (2020) reported that the soil and foliar appli-
cation of Zn at 25 kg ha−1 and 0.5% Zn, respectively, at 60 
DAS and 90 DAS enhanced the Zn accumulation and quality 
of fodder oats.

Literature studies demonstrated that the inherent genetic 
makeup affected Zn accumulation, thus, the selection of 
wheat genotypes with a higher capacity to accumulate Zn 
combined with the exogenous supply of Zn is crucial to sus-
tainable crop production in low-Zn soil (Gomez-Coronado 
et al. 2017; Cakmak et al. 2010). Dhaliwal et al. (2011) con-
cluded that lines with high Zn efficiency had higher Zn accu-
mulation by roots, but not higher Zn concentration in grains 
because increased Zn accumulation was used to increase dry 
matter production.

GYEI and ZAEI

The screening of Zn efficient wheat genotypes on the basis 
of grain yield and Zn accumulation has been reported by 
Singh et al. (2019) and for Zn and Cu by Dhaliwal et al. 
(2011). Genetic traits and environmental factors have been 
reported as key drivers to regulate the nutrient use efficiency 
of plants (Baligar et al. 2001). Thus, the identification of Zn 
efficient genotypes having better absorption and utilization 

capacity is beneficial for the current demand of low input-
high output agriculture. Keeping this in view, the genotypes 
were classified using both GYEI and ZAEI.

Conclusions

The study concluded that the genetically diverse bread, 
durum and triticale wheat genotypes showed variable 
responses toward foliar Zn application due to variable 
inherent genetic characteristics. Plant growth parameters, 
grain yield, Zn concentration and Zn accumulation were 
enhanced with the application of Zn on plant foliage. The 
effective and responsive genotypes (TL2969, PDW291) can 
produce higher yield in low Zn soils and showed a positive 
response to Zn fertilizer application, thus could be used for 
quantitative and qualitative crop production under low Zn 
soils. Effective and non-responsive (PBWZn1, HD2967, 
PBW621, PDW274, PBW343U) genotypes showed a sig-
nificant increase in wheat yield and non-significant changes 
in Zn accumulation. Ineffective and responsive (PDW 233, 
PDW 314, PBW 677, WHD 943, TL2908, PBW725) geno-
types showed a non-significant increase in wheat yield, 
however, significant changes were observed in Zn accumu-
lation. Ineffective and non-responsive (PBW 550 U, PBW 
550, TL2942) did not show any response on wheat yield as 
well as in Zn accumulation.
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