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a  b  s  t  r  a  c  t

Foliar  zinc  (Zn)  application  represents  an  effective  way  to improve  grain  Zn  concentration  of cereal  crops.
Spraying  Zn together  insecticides  would  be an important  advantage  for  the growers  to minimize  costs.
However,  there  is  very  little  information  about  combined  foliar  application  of Zn  fertilizers  together  with
insecticides.  A  field  experiment  was conducted  to investigate  how  spraying  Zn fertilizer  in  form  of  ZnSO4

together  with  commonly  applied  insecticides  (e.g.,  Acetamiprid  and  Imidacloprid)  affects  the  grain  Zn
concentration  of  wheat  grown  in  the  Northern  China  Plain.  The  main  treatment  included  three  levels:
only  insecticide  applied  (recorded  as T1);  foliar  Zn  fertilizer  applied  one  day  after  insecticide  application
(recorded  as T2);  foliar  Zn  fertilizer  applied  together  with  insecticide  (recorded  as  T3).  The  results  showed
that  there  was  no  antagonistic  effect  between  insecticide  and Zn  when  they were  sprayed  together.
Compared  with  insecticide  application  only,  foliar  application  of Zn  fertilizer  with  insecticide  increased
grain  yield  by  3.7–4.9%,  and  grain  Zn  density  by  48.2–61.6%.  Grain  yield  and  grain  Zn  concentration  were
not  affected  no  matter  Zn  fertilizers  were  applied  simultaneously  with  insecticide  or  one day  after.  The
toxic  effect  of insecticide  on  insects  was  not  affected  when  it was  mixed  with  Zn  fertilizer  in the  laboratory

condition.  Compared  with  application  of  Zn  fertilizer  and  insecticide  at  different  times,  simultaneous
combination  can  reduce  the  cost  by 120 USD  ha−1 and  increase  farmers’  net  income  by 6.3%.  Therefore
the results  show  clearly  that  ZnSO4 can be  mixed  and  sprayed  together  with  insecticide  without  causing
any  adverse  effect.  This  is  a very  useful  and cost-effective  approach  for growers  contributing  both  to
improving  grain  yield  and  grain  Zn  concentration  and  controlling  aphids  as well.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Zinc (Zn) deficiency in crops and humans is a serious prob-
em affecting both crop production and human health (Welch and
raham, 2004; Cakmak, 2008). Globally, 50% of cereal-growing soils
re Zn-deficient and about 40% of agricultural soils are Zn-deficient
n China (Yang et al., 2007). It is estimated that Zn deficiency
lso affects more than 1/3 of people worldwide (Stein, 2010), and
anks fifth of the leading causes of disease in low-income countries

ccording to the World Health Organization (WHO, 2002).

Low dietary intake of Zn has greatly contributed to the
idespread occurrence of Zn deficiency in humans (Cakmak et al.,

∗ Corresponding author. Fax: +86 10 62731016.
E-mail address: zcq0206@cau.edu.cn (C.-Q. Zou).

ttp://dx.doi.org/10.1016/j.fcr.2015.08.015
378-4290/© 2015 Elsevier B.V. All rights reserved.
2010b; Zhang et al., 2012). Cereal crops play an important role in
satisfying daily calorie intake in developing world. However, Zn
contents of cereal-based foods are inherently inadequate to meet
human demands, particularly when grown on Zn-deficient soils
(Cakmak, 2008; Boonchuay et al., 2013). As one of the three glob-
ally major cereal crops, wheat represents a main dietary source
of calories, proteins and Zn for the humans. Wheat is responsible
for up to 70% of daily calorie intake in the rural parts of develop-
ing countries (Cakmak, 2008; Shewry, 2009). China is the biggest
producer of wheat in the world and the North China Plain (NCP)
contributes about 70% of the national wheat production (Liu et al.,
2010). Wheat-based food products supply more than 20% of the
daily Zn intake in China, especially in rural areas (Ma  et al., 2008).

Therefore, improving the Zn concentration of wheat is a very impor-
tant challenge for the health of human populations living in the
rural areas in China.

dx.doi.org/10.1016/j.fcr.2015.08.015
http://www.sciencedirect.com/science/journal/03784290
http://www.elsevier.com/locate/fcr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fcr.2015.08.015&domain=pdf
mailto:zcq0206@cau.edu.cn
dx.doi.org/10.1016/j.fcr.2015.08.015
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Breeding new cereal genotypes with high Zn (e.g., genetic
iofortification) and applying Zn fertilizers (e.g., agronomic bio-
ortification) are two important agricultural approaches used for
mproving human nutrition with Zn (Pfeiffer and McClafferty, 2007;
akmak et al., 2010a). In case of genotypes with high genetic capac-

ty for root absorption, shoot transportation and seed deposition
f Zn, breeding and Zn fertilizers strategies represent synergistic
nd complimentary solution to the problem (Cakmak, 2008). Agro-
omic biofortification represents a short-term, globally applicable,
nd effective strategy in minimizing Zn deficiency-related health
roblems (Cakmak, 2008). It has been well-documented that foliar
n application is much more effective than soil Zn application in
mproving grain Zn concentration of wheat which can increase
ignificantly, especially in Zn-deficient soils (Yilmaz et al., 1997;
akmak et al., 2010b; Zhang et al., 2012 Zou et al., 2012). Zinc sul-
ate (ZnSO4) is recommended as the most effective Zn fertilizer for
oliar application to increase grain Zn concentration and content
Cakmak, 2008; Wei  et al., 2012).

Wheat aphids (e.g., Macrosip humavenae) are one of the most
estructive and common pests which annually emerge in the wheat
lanting area in China (Luo et al., 2013). Controlling wheat aphids
re vital because aphids are a major biotic constraint to wheat yield
y the direct effect of their feeding (Crespo-Herrera et al., 2013).
oliar insecticides are a common, simple, and effective means
f controlling the wheat aphids (Pike et al., 1993). The insecti-
ides (e.g., Acetamiprid and Imidacloprid) are most commonly used
nsecticides controlling wheat aphids in many countries includ-
ng China (Nakayama et al., 1997; Flückiger et al.,1992; Ahmed
t al., 2001). The spraying time of Zn application is very impor-
ant to achieve higher grain Zn concentration of wheat. The late
rowth stages (e.g., booting, anthesis and milk stages) are regarded
s the best application times to maximize the grain Zn accumu-
ation (Cakmak et al., 2010b). And according to our field survey,

heat aphids begin to occur at the seeding stage, and farmers gen-
rally spray the insecticide at the boot stage, anthesis stage and
ilk stage because those are the stages with the peak infestation.

o the timing of foliar Zn application and foliar insecticide is almost
ynchronous. Among the 111 publications from peer review jour-
als during 1990–2014 related to Zn foliar application of wheat,
ost of them adopted a separate foliar application of the Zn fer-

ilizer and an insecticide. This practice doubles the labor costs,
ompared to a combined application approach. Little is known
bout the effectiveness of applying an insecticide and a Zn foliar
pplication simultaneously. Therefore, the objective of this study
as to test whether a foliar Zn fertilizer could be applied together
ith an insecticide to improve the grain Zn concentration of winter
heat without reducing the effect of the insecticide, and further to

mprove the farmers’ net income.

. Material and methods

.1. Field locations and materials

Field experiments were conducted at two locations in Quzhou of
ebei province in the Northern China Plain (recorded as Location
 and Location 2) during 2012–2013 winter wheat cropping sea-
on. The location 1 is situated at the experimental station of China
gricultural University (36.9◦N,115.0◦E), and the Location 2 is at Li
huang village (36.9◦N,115.0◦E), which is farmer’s field. The basic

able 1
asic information of tested soil.

Location Soil texture Total N (g kg−1) Olsen P (mg  kg−1) NH4OAc-excha

Location 1 Clay loam 0.97 33.93 275 

Location 2 clay loam 0.72 24.52 157 
search 184 (2015) 74–79 75

information of the soils at both sites is presented in Table 1. The
wheat cultivar used was  Liangxing99 (Triticum aestivum L.) which
is the most commonly cultivated variety in the area.

2.2. Field trial treatments

The same field plot experiment treatments were applied at both
locations. The main treatment included three levels: only insec-
ticide applied (recorded as T1, which is the normal approach of
insecticide applied by farmers in wheat production); foliar Zn fer-
tilizer applied one day after insecticide application (recorded as T2,
which is the approach that the insecticide and fertilizer are applied
separately and it was used method in the study of Zn biofortifica-
tion in previous reports); foliar Zn fertilizer applied together with
insecticide (recorded as T3, which represents the combination of
insecticide and fertilizer and this is the approach to be put for-
warded in our study). Subplot treatments included two  types of
insecticides: Acetamiprid [5% active ingredient content, Emulsifi-
able Concentrate (EC) type] and Imidacloprid [10% active ingredient
content, Wettable Powder (WP) type] which are commonly used for
wheat aphids control in China. The layout of the experiments was
plots in randomized block design with four replicates. Thus, there
were 24 plots with 35 m2 (3.5 m × 10 m at Location 1; 7 m × 5 m
at Location 2) at each location. Foliar Zn fertilizer was applied at
a rate of 0.4% (w/v) ZnSO4

•7H2O (23% Zn). According to the rec-
ommended application rate, the concentration of foliar applied
Acetamiprid and Imidacloprid was 0.15% (v/v) and 0.075 % (v/v),
respectively. 0.01% (v/v) Tween 20 was  added in all foliar solutions
and all treatments were sprayed by hand spray with small machine
at the booting stage, anthesis and early milking stage, respectively.
The solution volume of 800 L ha−1 was used in all treatments. The
spray was  conducted after sunset in days without wind (<0.2 m s−1).

At Location 1, starting fertilizers included 100 kg N ha−1as urea,
120 kg P2O5 ha−1 as calcium superphosphate, and 100 kg K2O ha−1

as potassium sulfate and were surface applied. Before the joint-
ing stage, 120 kg N ha−1as urea was topdressed. At Location 2,
starting fertilizers included 112.5 kg N ha−1, 112.5 kg P2O5 ha−1and
112.5 kg K2O ha−1as compound fertilizer (15–15–15) and were sur-
face applied. Before the jointing stage, 70 kg N ha−1as urea was
topdressed. Field water condition was managed by flood irrigat-
ing three times at pre-wintering, jointing and flowering stage with
50 mm  applied each time at each location.

2.3. Sample collection and analysis

The number of grains spike−1 was determined by counting the
grains on every spike from 30 randomly selected plants in each
plot before harvest. At harvest, 6 m2 (3 m × 2 m)  wheat plants in
the center of each plot were harvested to determine the grain yield
and biomass. The grain samples were washed quickly by tap water
and then deionized water, and then dried in an oven at 60–65 ◦C,
and were ground with a steel stainless grinder (RT-02A) for mineral
analysis. The Zn concentration was  measured by inductively cou-

pled plasma atomic emission spectroscopy (ICP-AES) after being
digested with HNO3–H2O2 by a microwave accelerated reaction
system (CEM, Matthews, USA). IPE 684 grain (Wageningen Univer-
sity, The Netherlands) was used as reference materials.

ngeable K (mg  kg−1) Organic matter (g kg−1) pH DTPA-Zn (mg  kg−1)

14.74 7.86 1.23
12.55 8.31 0.63
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Table 2
Three-way analysis of variance (ANOVA) of the effects of location, insecticide and Zn and their interactions on tested parameters of winter wheat in the field.

Source of variation Grain number
(spike−1)

Thousand
kernel
weight (g)

Grain yield
(Mg  ha−1)

Yield harvest
index (%)

Grain Zn
concentration
(mg kg−1)

Grain Zn content
(g ha−1)

Locations (L) nsa ns *** *** ns ns
Insecticide types (I) ns ns ns ns ns ns
Insecticide and Zn foliar application methods (IZ) ns ns *** ns *** ***
L*I  ns ns ns ns ns ns
L*IZ  ns ns * ns ns ns
I*IZ  ns ns ns ns ns ns

ns ns ns ns

01 level and ns (not significant), 1 > P > 0.05.
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Table 3
Effects of locations and application of insecticide with or without Zn fertilizer on
yield and yield components of winter wheat in the field.

Treatment Grain number Thousand kernel Grain yield Yield harvest
(spike−1) weight (g) (Mg ha−1) index (%)

Locations
Location 1 34 aa 35.5 a 8.8 a 41.3 b
Location 2 34 a 36.2 a 8.1 b 47.2 a

Insecticide and Zn foliar application methods
T1 34 a 35.8 a 8.2 b 44.3 a
T2 33 a 35.9 a 8.6 a 44.4 a
T3 33 a 35.9 a 8.5 a 44.1 a

a Values followed by different letters in each column indicate significant dif-
ferences at P ≤ 0.05 by the LSD test. T1 represents the only insecticide applied
treatment, T2 represents the foliar Zn fertilizer applied one day after insecticide
L*I*IZ  ns ns 

a Levels of significance are represented by *P < 0.05 level. ** P < 0.01 level. ***P < 0.0

.4. Economic analysis

Costs (T1) = costs of (Plowing + Harrow + Seed + Sowing + Ferti-
izer + Irrigation + Herbicide + Harvest + Insecticide + spray labor);

Costs (T2)= Cost (T1) + costs of (Zn fertilizer + spray labor);
Costs (T3) = Cost (T1) + cost of Zn fertilizer;
Net income (USD ha−1) = Wheat yield × Price of grain-Costs;
Income increase (T2 or T3, USD ha−1) = Net income (T2 or T3) –

et income (T1);
Relative income increase (T2 or T3, %) = [Net income (T2 or T3)

 Net income (T1) /Net income (T1) × 100.
The cost of Plowing, Harrow, Seed, Sowing, Fertilizer (N, P, and

 fertilizer), Irrigation, Herbicide and Harvest is 110, 49, 37, 123,
42, 590, 32 and 123 USD ha−1, respectively. The cost of insecticide,
n fertilizer and spray labor (three times) is 37, 15, 120 USD ha−1,
espectively. Those data are the local farmer average survey data in
012–2013 in the Hebei province. These calculations are based on
eng et al. (2012).

.5. Laboratory toxicity test

In order to investigate whether toxic effect of insecticides on
phids is affected from addition of ZnSO4, a laboratory test has
een conducted by using different insecticide concentrations. The
est measured insect body immersion method (Laecke et al., 1995).
he tested insecticide concentrations were: 6.25, 12.5, 25, 50 and
00 mg  L−1 for Imidacloprid and 4.9, 7.4, 11.1, 16.7, 25.0 mg  L−1 for
cetamiprid. Each insecticide rate included two treatments: insec-

icide only and insecticide with Zn fertilizer (0.4% ZnSO4
•7H2O, Zn

3%). Each treatment was replicated four times. Each insecticide
as diluted with 0.01% Tween20 in water solution to a prescribed

oncentration. The wheat leaf with 20 aphids each replication was
ipped for 10 or 5 s. into each solution, and then the respective
C50 (median lethal concentration, mg  L−1) was calculated from the
ortality at 6 h.

.6. Data analysis

SAS software (8.0, USA) was used for statistical analysis. Data
ere analyzed with a three-factor and two-factor ANOVA proce-
ure for plot design. Means were separated by Fisher’s protected

east significance difference (LSD) at P < 0.05.SPSS software (17.0)
as used for calculating LC50.

. Results

.1. Grain yield, yield components and harvest index
Grain yield was significantly affected by Zn foliar application
Tables 2 and 3). Compared with the T1 treatment, grain yield of T2
nd T3 treatments was increased by 4.9% and 3.7% at both locations,
espectively. Compared with Location 2, grain yield of Location 1
application, T3 represents foliar Zn fertilizer applied together with insecticide.

was increased by 8.6%. There was no significant difference in grain
yield between the T2 and T3 treatments at both locations (Table 3).
Grain number per spike, thousand kernel and yield harvest index of
winter wheat were not significantly affected by Zn foliar application
together with insecticide or one day after insecticide application
under given experimental conditions (Tables 2 and 3). The grain
yield and harvest index were different between the two loca-
tions (Tables 2 and 3). Except grain yield, there was no interaction
between location and foliar strategy of Zn and insecticide for grain
number, thousand kernel or harvest index (Table 3). Insecticide
types as well as their interactions with locations and Zn fertilizer
did not significantly affect grain number, thousand kernel, grain
yield or harvest index of winter wheat (Table 2).

3.2. Grain Zn concentration and content

Grain Zn concentration and content (e.g., total uptake by grains)
were also significantly affected by foliar spray strategy of Zn and
insecticide (Table 2, Fig. 1). At the Location 1,compared with T1,
grain Zn concentration was increased by 59.2% and 82.9% for T2
and T3 treatments, respectively. There was  a significant difference
in grain Zn concentration between the T2 andT3 treatments. When
compared with the T2 treatment, grain Zn concentration of the
plants treated with T3 was increased by 14.9% (Fig. 1a). Different
from Location1, there was  no significant difference in grain Zn con-
centration between T2 and T3 treatments (Fig. 1a) and grain Zn
concentration was  increased by 39.3% and 44.1% for T2 and T3 treat-
ments, respectively, compared with T1 treatment at Location 2. The
results with the Zn content were similar to those results with Zn
concentration (Fig. 1). At the Location 1, compared with T1 treat-
ment, grain Zn content was increased by 63.5% and 88.5% for T2 and

T3 treatments, respectively. There was also a significant difference
in grain Zn content between the T2 and T3 treatments.
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Table  4
Toxicity evaluation of two insecticides with and without Zn from laboratory test.

Insecticide type Treatment Y = a + bX LC50
a (mg  L−1) 95% confidence interval (mg L−1) Correlation

Acetamiprid Insecticide without Zn Y = −1.8 + 1.5X 15.81 12.87–20.29 R2 = 0.96
Insecticide with Zn Y = −1.5 + 1.2X 17.06 13.30–25.43 R2 = 0.91

Imidacloprid Insecticide without Zn Y = −1.0 + 6.4X 38.88 24.16–74.93 R2 = 0.81
Insecticide with Zn Y = −1.1 + 0.7X 36.78 20.33–105.23 R2 = 0.99
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a LC50 (Lethal Concentration 50, mg  L−1) represented drug concentration which 

oxicity.

.3. Toxicity evaluation of two insecticides with and without Zn

The LC50 value representing the size of the acute toxicity and
he LC50 is smaller, the bigger the toxicity (Laecke et al., 1995;
ydy and Linck, 2003; Rumpf et al., 1997). The LC50 value was  very
imilar between two different treatments for each insecticide type
Table 4). For the Acetamiprid and Imidacloprid, the 95% confidence
nterval of insecticides with Zn addition contained the 95% confi-
ence interval of insecticides without Zn, respectively (Table 4).
here was a significant linear relationship between the concen-
ration of insecticides and insecticide toxicity for each treatment
Table 4). These results indicate absence of any adverse interaction
etween Zn and insecticides regarding the toxic effect of the tested

nsecticides on insects used.

.4. Economic analysis

The costs associated with the T2 and T3 applications were 8.1%
nd 0.9% higher than that of the T1 application, while the net
ncome increased by 2.3% and 8.8% with the T2 and T3 treatments
Table 5). Compared with T2, the costs of T3 were reduced by 6.7%
hile the net income was increased by 6.9% (Table 5).

. Discussion and conclusion

In the current study, the application strategy (i.e., Zn fertilizer
ogether with insecticide or one day after insecticide applica-
ion) did not affect the insecticidal effects of the insecticides used
r Zn enrichment of grains with Zn by foliar Zn fertilizers in
inter wheat. Foliar Zn application together with insecticides or

fterwards increased grain yield significantly (Table 3), which is
onsistent with previous studies (Cakmak et al., 2010b; Zhang

t al., 2012). During the wheat growing season, stresses such as
rought conditions, high temperature and long sunny days are
ery common in NCP in China. During the reproductive growth
tage, foliar Zn fertilizers can improve photosynthesis and pollen

ig. 1. Effects of insecticide treatment with or without Zn on grain Zn concentration (A)
ndicate  significant differences at P < 0.05 by the LSD test. T1 represents the only insecti
nsecticide application, T3 represents foliar Zn fertilizer applied together with insecticide
 50% of the control object. It was  commonly used to indicate the size of the acute

viability, phloem transportation of photoassimilates and antiox-
idative defense against oxygen free radicals generated under stress
conditions such as drought and heat (Cakmak, 2000; Bagci et al.,
2007 Bagci et al., 2007). In well agreement with his, a previous
work from the same location showed that Zn foliar application
could improve the resistance of winter wheat to drought (Karim
et al., 2012). The current study shows that grain yield is improved
by Zn foliar application at two locations and in combination with
two insecticides (Table 1). This finding indicates that Zn foliar appli-
cation is a highly adaptive approach (Zhang et al., 2012).

Zinc foliar application together with insecticide or afterwards
resulted in significant increases in grain Zn concentration and con-
tent at two locations (Fig. 1). In previous reports, studies were
conducted by applying the insecticide and Zn fertilizer separately.
To our knowledge, no published reports available studied role of
combined use of Zn fertilizer and insecticide in biofortification of
wheat with Zn. In fact, Zn biofortification of wheat is very impor-
tant for human health by alleviating Zn deficiency incidence in
human populations (Cakmak, 2008; Zhang et al., 2012). Based on
large surveys, the average grain Zn concentration of wheat ranged
between 20 and 35 mg  kg−1 globally (Cakmak et al., 2010a; Zou
et al., 2012; Rengel et al., 1999), which is below the daily human
requirement. Grain Zn concentration should be increased to about
40–50 mg  kg−1 to have a measurable biological impact on human
health (Ortiz-Monasterio et al., 2007). In the present study, average
grain Zn concentration was increased to 57.3 mg kg−1 by Zn foliar
application applied together with insecticides or alone. This con-
centration achieves the targeted levels of Zn in wheat grain (Fig. 1)
regardless of insecticide use and locations and is consistent with
previous reports (Yilmaz et al., 1997; Cakmak et al., 2010b; Zhang
et al., 2012 Zou et al., 2012).

Wheat aphid has a significant negative impact on wheat pro-
duction (Rabbinge et al., 1981). Previously it has been reported

that a yield loss of 7% occurs in wheat if the density of aphids
per tiller was 10, and if the density of aphids per tiller increased
from 10 to 40, then yield loss of wheat was  reported to be 11%

 and content (B) of winter wheat. Mean values (n = 8) followed by different letters
cide applied treatment, T2 represents the foliar Zn fertilizer applied one day after
.
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Table 5
Economic analysis related to application approaches of insecticide with or without Zn treatments for winter wheat in the field.

Treatments Price of grain Costa Net income Income increase Income increase
(USD  Mg−1) (USD ha−1) (USD ha−1) (USD ha−1) (%)

T1 368 1663 1347 ab – –
T2  368 1798 1378 ab 31 2.3
T3  368 1678 1473 b 126 9.4
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a USD 1 = 6.1 Chinese Yuan (2014 year).
b Values followed by different letters in each column indicate significant differen

epresents the foliar Zn fertilizer applied one day after insecticide application,T3 re

Shaoyou et al., 1986). In this study, there was also a concern about
hether the foliar Zn fertilizer would affect the effectiveness of

he insecticides. In the field study, no wheat aphids were recorded
fter insecticides were applied (data not presented). Therefore, we
ested this issue in the laboratory. Insect body immersion method
s one of main methods to evaluate the effects and environmen-
al biosecurity of insecticides under laboratory conditions (Laecke
t al., 1995), and LC50 is one of the important indices for the insec-
icides toxicity evaluation (Laecke et al., 1995; Lydy and Linck,
003; Rumpf et al., 1997). In this study, the LC50 was  very sim-

lar between insecticides applied alone and insecticides applied
ith ZnSO4

•7H2O for each insecticide type (Table 4). The toxicity
f the mixture of insecticide and ZnSO4

•7H2O was  not signifi-
antly different to the toxicity of the insecticides applied alone
or two insecticides. This indicates that the foliar application of
nsecticides together with Zn does not affect the potency of insecti-
ides.

Saving labor and production costs and increasing net income
or farmers are very important considerations when a new agro-
omic approach is recommended. In this study, compared with
n fertilizer applied one day after insecticide application, Zn
oliar application together with insecticide reduced the labor costs
3 times) to 120 USD ha−1 (Table 5). As mentioned before, in
hina, insecticide spray is a common approach to control aphids

n wheat production systems. If Zn biofortification of wheat is
equired, farmers should apply Zn fertilizer by the foliar approach
gain. Under this scenario labor costs are expected to be dou-
led. The results in Table 5 show that the Zn foliar spray together
ith insecticide could greatly solve this problem and save labor.
ompared with foliar insecticide application only, the farmers’
et income increased by 118 USD ha−1 due to insecticide and
n foliar applications being made together (Table 5). As one
f the primary wheat producing countries, the Chinese total
ultivated wheat area is 24.3 million ha−1 (NBS, 2013). If this
pproach is widely adopted, the Chinese farmers’ net income could
e increased by 2867.4 million USD every year. More impor-
antly, the farmers could improve their health while increasing
evenue.

Therefore, ZnSO4 can be mixed and sprayed together with insec-
icide without causing any adverse effect. The application time of
inc and insecticide is very important to improve the grain Zn con-
entration and control the wheat aphids. Cakmak et al. (2010a)
eported that the suitable time of foliar Zn application for Zn bio-
ortification of wheat was at booting + anthesis + early milk stages.
nd according to our field survey, those are the stages with the
eak infestation of the wheat aphids. So to ensure the double
ffects, the suitable time of foliar Zn application and insecticide was
ooting + anthesis + early milk stages, and to improve the effect,
he spray should be conducted after sunset in days without wind
<0.2 m s−1).

Finally, in this study, we presented an agronomic approach that

s feasible economically beneficial and easily adoptable in many
espects. Firstly, a combined foliar spray of insecticide with Zn
id not cause any antagonistic reaction. Secondly, the timing of
oliar Zn application and foliar insecticide is almost synchronous.
t P ≤ 0.05 by the LSD test. T1 represents the only insecticide applied treatment, T2
ts foliar Zn fertilizer applied together with insecticide.

Additionally, it could save labor and significantly increase farm-
ers’ profit. Finally, Zn biofortified wheat will, of course, also benefit
health.

Acknowledgements

This research was supported by the National Natural Science
Foundation of China (31272252) and 973 project (2015CB150402),
and also partially by the HarvestPlus-HarvestZinc project (www.
harvestzinc.org). The authors are grateful to Dr Tom Sizmur in
Rothamsted Research in UK for his proofreading assisting on this
manuscript.

References

Ahmed, N.E., Kanan, H.O., Inanaga, S., Ma,  Y.Q., Sugimoto, Y., 2001. Impact of
insecticide seed treatments on aphid control and yield of wheat in the Sudan.
Crop Prot. 20, 929–934.

Bagci, S.A., Ekiz, H., Yilmaz, A., Cakmak, I., 2007. Effects of zinc deficiency and
drought on grain yield of field-grown wheat cultivars in Central Anatolia. J.
Agron. Crop Sci. 193, 198–206.

Boonchuay, P., Cakmak, I., Rerkasem, B., Prom-U-Thai, C., 2013. Effect of different
foliar zinc application at different growth stages on seed zinc concentration
and its impact on seedling vigor in rice. Soil Sci. Plant Nutr. 59, 180–188.

Cakmak, I., 2008. Enrichment of cereal grains with zinc: agronomic or genetic
biofortification? Plant Soil 302, 1–17.

Cakmak, I., Pfeiffer, W.H., McClafferty, B., 2010a. Review: biofortification of durum
wheat with zinc and iron. Cereal Chem. 87, 10–20.

Cakmak, I., Kalayci, M.,  Kaya, Y., Torun, A.A., Aydin, N., Wang, Y., Arisoy, Z., Erdem,
H., Yazici, A., Gokmen, O., Ozturk, L., Horst, W.J., 2010b. Biofortification and
localization of zinc in wheat grain. J. Agric. Food Chem. 58, 9092–9102.

Crespo-Herrera, L.A., Smith, C.M., Singh, R.P., Ahman, I., 2013. Resistance to
multiple cereal aphids in wheat—alien substitution and translocation lines.
Arthropod-Plant Interact. 7, 535–545.

Flückiger, C.R., Kristinsson, H., Senn, R., Rindlisbacher, A., Buholzer, H., Voss, G.,
1992. CGA-215’944-a novel agent to control aphids and whiteflies. Proceedings
of  the Brighton Crop Protection Conference, Pests and Diseases 1, 43–50.

Karim, M.R., Zhang, Y.Q., Zhao, R.R., Chen, X.P., Zhang, F.S., Zou, C.Q., 2012.
Alleviation of drought stress in winter wheat by late foliar application of zinc,
boron, and manganese. J. Plant Nutr. Soil Sci. 175, 142–151.

Laecke, K.V., Samagghe, G., Degheele, D., 1995. Detoxifying enzymes in greenhouse
and  laboratory strain of beet armyworm. J. Econ. Entomol. 88, 777–781.

Liu, S.X., Mo,  X.G., Lin, Z.H., Xu, Y.Q., Ji, J.J., Wen, G., Richey, J., 2010. Crop yield
responses to climate change in the Huang-Huai-Hai Plain of China. Agr. Water
Manag. 97, 1195–1209.

Luo, J.H., Huang, W.J., Zhao, J.L., Zhang, J.C., Zhao, C.J., Ma,  R.H., 2013. Detecting
Aphid density of winter wheat leaf using hyperspectral measurements. IEEE
J.-STARS 6, 690–698.

Lydy, M.J., Linck, S.L., 2003. Assessing the impact of triazine herbicides on
organophosphate insecticide toxicity to the earthworm eisenia fetida. Arch.
Environ. Contam. Toxicol. 45, 343–349.

Ma,  G.S., Jin, Y., Li, Y.P., Zhai, F.Y., Kok, F., Jacobsen, E., Yang, X.G., 2008. Iron and
zinc deficiencies in China: what is a feasible and cost-effective strategy? Public
Health Nutr. 11, 632–638.

Meng, Q.F., Sun, Q.P., Chen, X.P., Cui, Z.L., Yue, S.C., Zhang, F.S., Römheld, V., 2012.
Alternative cropping systems for sustainable water and nitrogen use in the
North China Plain. Agr. Ecosyst. Environ. 146, 93–102.

Nakayama, A., Sukekawa, M.,  Eguchi, Y., 1997. Stereochemistry and active
conformation of a novel insecticide, aceamiprid. Pestic. Sci. 51, 157–164.

NBS (National Bureau of Statistics of China), China statistical yearbook http://
www.stats.gov.cn  (04.07.2013).
Ortiz-Monasterio, J.I., Palacios-Rojas, N., Meng, E., Pixley, K., Trethowan, R., Pena,
R.J.,  2007. Enhancing the mineral and vitamin content of wheat and maize
through plant breeding. J. Cereal Sci. 46, 293–307.

Pfeiffer, W.H., McClafferty, B., 2007. Biofortification: breeding micronutrient-dense
crops. Breed. Major Food Staples, 61–91.

http://www.harvestzinc.org
http://www.harvestzinc.org
http://www.harvestzinc.org
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0005
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0010
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0015
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0020
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0025
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0030
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0035
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0040
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0045
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0050
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0055
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0060
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0065
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0070
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0075
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0080
http://www.stats.gov.cn
http://www.stats.gov.cn
http://www.stats.gov.cn
http://www.stats.gov.cn
http://www.stats.gov.cn
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0090
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0095


ops Re

P

R

R

S
S

W

W

Zou, C.Q., Zhang, Y.Q., Rashid, A., Ram, H., Savasli, E., Arisoy, R.Z., Ortiz-Monasterio,
X.-Z. Wang et al. / Field Cr

ike, K.S., Reed, G.L., Graf, G.T., Allison, D., 1993. Compatibility of imidacloprid with
fungicides as a seed-treatment control of Russian wheat aphid (Homoptera:
Aphididae) and effect on germination, growth, and yield of wheat and barley. J.
Econ. Entomol. 86, 586–593.

abbinge, R., Drees, E.M., Van der Graaf, M.,  Verberne, F.C.M., Wesselo, A., 1981.
Damage effects of cereal aphids in wheat. Neth. J. Plant Pathol. 87, 217–232.

umpf, S., Frampton, C., Chapman, B., 1997. Acute toxicity of insecticides to
Micromus tasmaniae (Neuroptera: Hemerobiidae) and Chrysoperla carnea
(Neuroptera: Chrysopidae): LC50 and LC90 estimates for various test
durations. J. Econ. Entomol. 90, 1493–1499.

hewry, P.R., 2009. Wheat. J. Exp. Bot. 60, 1537–1553.
tein, A.J., 2010. Global impacts of human mineral malnutrition. Plant Soil 335,

133–154.

ei, Y.Y., Shohag, M.J.I., Yang, X.E., 2012. Biofortification and bioavailability of rice

grain  zinc as affected by different forms of foliar zinc fertilization. PLoS One,
http://dx.doi.org/10.1371/journal.pone.0045428.

elch, R.M., Graham, R.D., 2004. Breeding for micronutrients in staple food crops
from a human nutrition perspective. J. Exp. Bot. 55, 353–364.
search 184 (2015) 74–79 79

WHO, 2002. The World Health Report. World Health Organization, Geneva,
Switzerland.

Yang, X.E., Chen, W.R., Feng, Y., 2007. Improving human micronutrient nutrition
through biofortification in the soil–plant system: China as a case study.
Environ. Geochem. Health 29, 413–428.

Yilmaz, A., Ekiz, H., Torun, B., Gultekin, I., Karanlik, S., Bagci, S.A., Cakmak, I., 1997.
Effect of different zinc application methods on grain yield and zinc
concentration in wheat cultivars grown on zinc-deficient calcareous soils. J.
Plant. Nutr. 20, 461–471.

Zhang, Y.Q., Sun, Y.X., Ye, Y.L., Karim, M.R., Xue, Y.F., Yan, P., Meng, Q.F., Cui, Z.L.,
Cakmak, I., Zhang, F.S., Zou, C.Q., 2012. Zinc biofortification of wheat through
fertilizer applications in different locations of China. Field Crop Res. 125, 1–7.
I., Simunji, S., Wang, Z.H., Sohu, V., Hassan, M.,  Kaya, Y., Onder, O., Lungu, O.,
Mujahid, M.Y., Joshi, A.K., Zelenskiy, Y., Zhang, F.S., Cakmak, I., 2012.
Biofortification of wheat with zinc through zinc fertilization in seven countries.
Plant Soil 361, 119–130.

http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0100
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0105
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0110
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0115
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0120
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
dx.doi.org/10.1371/journal.pone.0045428
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0130
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0135
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0140
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0145
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0150
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155
http://refhub.elsevier.com/S0378-4290(15)30045-9/sbref0155

	An effective strategy to improve grain zinc concentration of winter wheat, Aphids prevention and farmers’ income
	1 Introduction
	2 Material and methods
	2.1 Field locations and materials
	2.2 Field trial treatments
	2.3 Sample collection and analysis
	2.4 Economic analysis
	2.5 Laboratory toxicity test
	2.6 Data analysis

	3 Results
	3.1 Grain yield, yield components and harvest index
	3.2 Grain Zn concentration and content
	3.3 Toxicity evaluation of two insecticides with and without Zn
	3.4 Economic analysis

	4 Discussion and conclusion
	Acknowledgements
	References


