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Abstract | Wheat (Triticum aestivum L.) is one of the first domesticated crop plants and is the most widely grown
crop in the world, both in terms of cultivated area and yield, and wheat is known to be consumed by about two-
thirds of the world’s population. The study was carried out to investigate the elemental and proximate composition
of wheat against boron induced stress. Greenhouse experiments were conducted in October 2019 under natural
light conditions to assess the chemical status of plants under various treatments such as the stress of inorganic boric
acid. In the experiment, the pots were filled with sandy loam soil (1 kg). The pots were pre-treated with boron as
boric acid (H,BO,) only once before sowing, at the doses of 0 mg/kg (control), 3 mg/kg, 6 mg/kg, 9 mg/kg, 12 mg/
kg, 15 mg/kg and 18 mg/kg soil. The different concentrations of Boron (B) were prepared separately by taking a
respective amount of boric acid. Pots without supplemented B constituted the control. No additional supplements
were applied to the experimental soil. Each pot was irrigated with 100 mL of distilled water with intermittent
intervals of 48 hours. All the treatments were replicated three times considering each pot as one replicate. Through
EDX analysis, it was noticed that the boron stress treatment exhibited the maximum number of elements detected
in (T, T, and T,) wheat crops followed by (T, T,,and T,). A total of 17 elements were detected and observed in
wheat including Ca, S, K, Si, Na, Mg, Fe, Al, Cu, Cr, Cl, Mn, B, C, N, Co, and Ni in different treatments of B. It
has been determined that the amount of each element varies according to the amount of B applied. Thus, the study
performed under B stress helps understand elemental and proximate content in various treatments in wheat plants.
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Introduction

W’heat is the most widely crop in Pakistan and is
cultivated from plains to over 4000 m (Ali and

Nasir, 1989; Nasir ez al., 1972; Stewart, 1958, 1982;
Stewart et al., 1972). Triticum aestivum L. belongs to
the family Poaceae (Gramineae), one of the largest
tamilies of flowering plants. It consists of 620 genera
and 8000 species. Plants are annuals, leaf-blades are
flattened, inflorescence may have a spike, spikelets
solitary at the nodes of the tough or fragile rachis,
laterally compressed, 2-6(-9)-flowered (Cope, 1982;
Heun ez al., 1997). It is widely distributed in all the
regions of the world (Anjum and Muhammad, 2012).
'The reason why it is highly preferred is the adaptability
of the wheat plant and its ability to produce high-
yielding products. Wheat is also rich in essential
amino acids, minerals, vitamins, and phytochemicals

(Shewry, 2009). Wheat is listed among the ‘big eight’

food allergens which together account for about 90
% of all allergic responses (Poole ez al., 2006). Several
wheat proteins have been reported to be responsible
for allergic responses to the ingestion of wheat
products but only one syndrome has been studied in
detail (Battais ez a/.,2005; Tatham and Shewry, 2008).
Cereals are an important source of micronutrients
such as minerals and vitamins which are essential in a

balanced diet and for a healthy life (Akin ez a/., 2020).

Wheat plants, like many other plants, need more
or less nutrients to survive. Micronutrients play a
vital role in plant nutrition and plant production.
Agricultural soils generally show a deficiency
in micronutrients such as zinc, boron, iron, and
copper. Such a deficiency may occur due to the low
contents of these elements. Although micronutrients
comprising zinc, copper, iron, manganese, boron,
molybdenum, and chlorine are required for plant
growth in much smaller amounts, they are as essential
as the major nutrients such as nitrogen, phosphorus,
potassium (Sharma and Agrawal, 2005; Khan ez a/.,
2019c). All these elements have a positive effect on
plant growth when they are present in very small
amounts (Aller ez al., 1990). Boron, which is one
of the micronutrient elements, is a very interesting
element from the agricultural point of view due to its
benefit for the development of plants and its very low
toxicity range (Blevins and Lukaszewski, 1994). The
most important function of boron so far reported in
higher plants is its capacity to form borate esters with
rhamnogalacturonan II residues (Kobayashi ez al.,

1996). This complex formation is critical for cell wall
structure and function as it allows significant control
of cell wall porosity and tension in the plant (Ryden
et al., 2003; O'Neill ez al, 2004). The disruptions
to be experienced in the formation of this complex
adversely affect normal plant growth. Boron has
long been recognized as an essential micronutrient
for higher plants. B deficiency affects vegetative and
reproductive stages of plant growth. In the vegetative
stage, its deficiency leads to the inhibition of growth
and the inhibition of the development of vascular
bundles. During reproduction, B deficiency causes
inhibition of, or defects in, flower, seed and fruit
development (Asad e# al., 2002; Mishra e al., 2009).
B is such a nutrient for plants and its deficiency and
toxicity may disrupt plant growth and development,
resulting in decreased yield (Seth and Aery, 2017).
Excess B shows typical toxicity symptoms in the
plant. B toxicity is most intense, causing reactive
oxygen species to be formed through photo oxidative
stress and adversely affecting many cellular processes.
Moreover, B toxicity causes changes in the cell wall
structure and causes metabolic disruption (O’Neill
et al., 2004). It is very important to determine the
amount of some elements that take part in such
reactions, which are of vital importance in the cell.

The term elemental analysis typically refers to the
determination of the amount of an element in a
given sample, usually a weight percent (Freedman,
2001). Various techniques such as atomic absorption
spectrometry (AAS), Energy Dispersive X-Ray
Analysis (EDX) voltammetry, inductively coupled
plasma atomic emission spectrometry (ICP-AES)
and instrumental neutron activation analysis (INAA)
are routinely used to determine trace elements in
herbs (Niamat ez al., 2012; Fagbohun ez al., 2020,
2021). Trace elements research has been part of this
explosion of scientific knowledge. Such elements
are required in very small quantities for plant life.
Relatively high levels of essential elements have been
demonstrated to influence the retention of toxic
elements in animals and human beings (Hejna ez
al., 2018). Okem et al. (2014) mentioned that low
antimicrobial activity was induced by high levels of
heavy elements. Hlihor e# a/. (2022) highlighted the

accumulation of such elements in human tissues.

Cereals are plants known as very sensitive to B
elements. It is therefore essential to examine the
toxic effect of boron stress on wheat, considering
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the cultivation of wheat in the regions where boron
deposits are located. Thus, our study aims to focus
on the determination of Ca, S, K, Si, Na, Mg, Fe,
Al, Cu, Cr, Cl, Mn, B, C, N, Co, and Ni as they are
nutrient elements in wheat plants under B stress with
following objectives: (1) B application was applied at
different doses, (2) investigate the number of different
elements in 7. aestivum under B stress (3) observe the
effects of B on these elements in 7. aestivum.

Materials and Methods

Study area

The greenhouse experiment was carried out at the
Department of Chemistry, Bacha Khan University,
Charsadda in Pakistan from 2019 to 2020. The
district Charsadda is located between 34" 03" and
34" 28" North latitude and 71" 28" to 71 33" East
longitude. This district, being the geographic center,
is about 282 m asl, and covers an area of 996 km?. The
annual rainfall is 460 mm, with June (44°C) as the
hottest month whereas the coldest is January (5C to
10°C) and the wettest being February. As shown in
Figure 1, Charsadda is surrounded by four districts
and one tribal area, on the East is district Mardan, on
the North is Malakand, on the South are Peshawar
and Nowshera districts and Mohmand Agency on
the West (Khan ez a/.,2017,2018a, 2019b; Khan and
Badshah, 2019; Zaman ez a/., 2019).

Upper
Chitral

Lower
Chitral

1 - Lower Kohistan

2 - Torghar
3 - Charsadda

Figure 1: Map showing the location of the study area

circled in red.

Experimental design

Greenhouse experiments were conducted during
October under natural light conditions in 2019. Seeds
of T aestivum were sown at 2 cm depth in pots with
a height of 30 cm and 25 cm diameter. The pots were
filled with sandy loam soil (1 kg). Boron is retained in
the soil in the form of boric acid (H,BO,). Thereof,
before the sowing, all pots were pre-treated with B as
H,BO, one time. The applied doses were 0 mg/kg (No
B), 3 mg/kg, 6 mg/kg, 9 mg/kg, 12 mg/ke, 15 mg/kg,
and 18 mg/kg soil. The different concentrations of B
were prepared separately by taking a respective amount
of boric acid. Pots without supplemented B constituted
the control. No additional supplements were applied
to the experimental soil. Each pot was irrigated with
100 ml of distilled water with intermittent intervals of

48 h (Figure 2).

Sample treatments

'The plant samples were cleaned with 2% phosphate-
free detergent solution and quickly washed with
flowing distilled water, the residual moisture
evaporated at room temperature; the samples were
chopped and oven dried in paper envelopes to constant
mass for moisture and dry matter determinations.
The loss in mass was taken as % moisture content.
The dried samples were ground to a fine powder
using agate mortar and pestle, and sieved to obtain
particles less than 20 mesh sieve and stored in airtight
containers for further analyses through the procedure

of (Effiong ez al., 2009).

Sample preparation

The plant samples were washed three times with
tap water and rinsed with distilled water to remove
soil and airborne pollutants. The surface water was
absorbed through Whatman filter paper no. 42. The
plant tissues were separated and oven-dried at 70°C
for 24 h to remove moisture content (Jha and Dubey,
2004). Moreover, through an electric grinder, the
plant tissues were ground into a fine powder. All the
samples were stored in labeled clean polythene bags
for multi-elemental analysis.

Energy dispersive X-ray (EDX) fluorescence analysis for
minerals

Prepared samples of plant tissues were transported
to the Centralized Resource Laboratory (CRL),
University of Peshawar. The samples were quantified
using an energy dispersive X-ray fluorescence
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spectrometer (EDX-7000, Na-U, Shimadzu, Japan)
with loose powder method, calibration with Al-
Cu standard (Chai er al, 2017; Nyakuma ez al.,
2021). One-gram powder from the samples of
plant in replication of three was placed over a thin
film lined a 10 mL Polypropylene cup and then
mounted inside the EDX-7000 spectrometer (Khan
et al., 2021; Yousaf et al., 2017). The instrument is
equipped with an X-ray tube using a Rhodium (Rh)
target and a high-performance silicon drift detector
(SDD), operated with a maximum of 50 kV and 1000
pA and a PCEDX-Navi software. The elemental
composition of all samples was detected under an air-
based atmosphere. The analytes were then assessed
with a collimator of 10 mm in diameter with a live
acquisition time of the 60s (Bilo ez a/., 2015).

e B e ek $
Figure 2: Plants affected under B stress. (a-b) General
view of plants under B stress, (c) Measurement and
observations of different plants under B stress at vegetative
stage, (d) Observations of different plants under B stress
at reproductive/ fruiting stage.

Proximate analysis
The collected specimens were analyzed for proximate
analysis of dry matter, moisture contents, ash content,

crude protein, and crude fat (Khan ez a/.,2018b,2020).

Moisture content (% MC)

Moisture content was determined by taking 1 g of
well-mixed sample in a dried and weighted China
dish. The sample was kept in oven at 105 °C until
a constant weight was obtained (Khan ez 4/, 2015).

Moisture content was calculated as following formula:

W1 -—-wz2
Moisture (%) = X100

Where; W1= Initial weight of sample, W2= final
weight of sample, and W= Weight of sample.

Dry matter (% DM)

Dry matter (DM) percentage of the forage plants was
determined from oven-dried samples at 65 °C for 72
h following the AOAC method (Horwitz, 1975) by

using the following formula.

D tter (%) = Weight of dried sample X100
ry matter (%) = Weight of fresh sample

Ash content (%)
Ash contentwas determined using one to two grams of
plant sample in a Muffle furnace at 550-600 °C, kept
for 8 h according to the AOAC method (Horwitz,
1975), by using the following formula.

Weight of ash

Ash contents = X100
sh contents (%) Weight of fresh sample

Crude protein (% CP)
Crude protein percentage was quantified following
the Kjeldahl method (Bremner, 1960) by using the

given formula.

(ml H,S0, — blank) % NX6,25 X 14.0

Crude protein (%) =
rudep in (%) Sample weight > 1000

Crude fat (% CF)

Crude fats were determined from ether extract

by using the reflux apparatus described (May and

Galyean, 1996), by using the following formula.
Weight of extract

Ash =—————x 100
sh (%) Weight of sample

Results and Discussion

Energy dispersive X-ray (EDX) fluorescence analysis for
minerals

Table 1 and Figures 3a-g reveal that the work under
B stress exhibited the maximum number of elements
detected in wheat crops. A total of 17 elements were
detected and observed in wheat including Ca, S, K, Si,
Na, Mg, Fe, Al, Cu, Cr, Cl, Mn, B, C, N, Co, and Ni
in different treatments of B. Highest calcium content

(0.65%) were detected in T followed by T, (0.40 %),
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Table 1: Various concentration of Boron on growth and mineral contents of I aestivum.

S. Treatments

*Minerals composition (%)

No Ca S K Si Na Mg Fe
1 T,=Omg/kg 0.24 - 1.32 2.79 0.06 0.27 -

2 T=3mg/kg 038 0.08 1.21 3.35 0.11 0.27 0.18
3 T,=6mg/kg 0.18 0.03 0.80 3.91 0.17 0.10 0.18
4 T,;=9mg/kg 029 0.08 1.11 2.39 - 0.23 0.18
5 T,=12mg/kg 0.40 0.07 1.14 2.07 0.11 0.30 -

6 T.=15mg/kg 0.65 0.08 1.72 0.39 0.30 0.40 0.12
7 T=18mg/kg 025 0.01 1.70 1.28 0.11 0.21 0.25

Al Cu C CIl Mn B C N Co Ni
0.61 - - 0.17 0.10 0.60 42.06 0.86 - -

- 0.80 - - - 1.85 41.07 0.88 - -
032 - - 0.24 0.01 0.59 4142 - - -
0.19 0.17 - 0.27 - 1.38 45.75 - - -
0.41 - 0.01 032 - - 43.78 - - -

- - - 0.42 0.02 1.59 40.55 0.95 - -
0.58 - - 0.27 - - 40.96 - 0.10 0.02

‘Ca: Calcium, S: Sulphur, K: Potassium, Si: Silicon, Na: Sodium, Mg: Magnesium, Fe: Ferric/Iron, Al: Aluminium, Cu: Copper, Cr:
Chromium, Cl: Chlorine, Mn: Manganese, B: Boron, C: Carbon, N: Nitrogen, Co: Cobalt and Ni: Nickel.

Countsfit £43)
—5
Countsfx1 E+3)

Figure 3: Different amount of elements detecting in
wheat under B stress at (a) T, 0 mg/kg H.BO; (b) T',=3
mg/kg H BO; (c) T,=6 mg/kg HBO; (d) T;=9 mg/
kg HBO; (¢) T =12 mg'kg HBO; (f) T,=15 mg/kg
HBO; (g) T =18 mg/kg H BO..

T, (0.38%), T, (0.29 %), T, (0.25 %) and T, (0.24 %)
in decreasing order. Sulfur contents were maximum
in T, T,,and T, (0.08 %) each followed by T, (0.07
%), T, (0.03 %), T, (0.01 %) and absent in T The
highest Potassium content was recorded in T, (1.72
%), followed by T, (1.70 %), T, (1.32 %), T, (1.21 %),
T, (1.14 %), T, (1.11 %) while T, (0.80 %) showed

the lowest concentration from the rest of others.
Regarding the silicon content, the maximum value
was found in T, (3.91 %) followed by T, (3.35 %)
and the remaining treatments exhibited less than T
and T,. Treatment T had 2.79 % content, T, with
(2.39 %), T, showing (2.07 %), T, had (1.28 %) and
T, showed 0.39 % contents. Similarly, B showed a
negative effect on the sodium content of wheat in
T, because no sodium content was obtained in this
treatment while the lowest content was observed in
all remaining treatments except T, which showed the
total of 0.30 % and considered as the highest content
of all followed by T, (0.17%), T, T, and T, (0.11 %,
each), and the control (T ) showed 0.06 % contents.
Magnesium and iron contents were also observed
and revealed less positive effects under B stress, the
highest magnesium amount was recorded in T, (0.40
%) followed by T, (0.30 %) while the remaining
had less amount than T, Iron content was also the
highest in T, (0.25 %) followed by T,, T, and T,
(0.18 %, each). T, shows less amount of iron (0.12
%) while iron content was absent only in the control
(T,). Similarly, T, showed the negative effect of B on
the element contents of wheat. Aluminum was also
detected in different amounts of all treatments but
the leading treatment was T (0.61) which exhibited
the highest amount followed by T, (0.58 %). Copper
was present only in T, (0.80 %) and T, (0.17%) and
absent in all other treatments. Moreover, B showed
negative effects on element contents of wheat in these
treatments. Chromium was observed in only T, (0.01
%) which was very low and the remaining treatments
resulted from the absence of chromium under B
treatments. B also had an adverse effect on chromium
concentration. Therefore, cobalt and nickel contents
were not detected in all treatments except T, (0.10 %)
and (0.02 %) with very low amount. Such findings can

March 2024 | Volume 30 | Issue 1 | Page 11

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Pakistan Journal of Weed Science Research

result in B having negative effects on these elements
and treatments (T, Tz, T4, T, and T,). Chlorine
concentration also varied from one treatment to
another. Therefore, the maximum percentage was
observed in T, (0.42 %) followed by T, (0.32 %) while
T, and T, had the same amount (0.27 %) followed
by T, (0.24 %). Similarly, the lowest percentage
was recorded for T and no chlorine content in T
Manganese content was detected in only T, T, and
T, (0.10 %, 0.01 %, 0.02 %) and absent in T, T, T,
and T,. B on soil affects the B distribution in the
wheat plant as it was noticed that the highest amount
in T, (1.85 %) followed by T, (1.59 %), T, (1.38 %),
T, (0.60 %), and T, (0.59 %) and they also showed
a negative effect on T, and T, because it induced a
damage in the available contents of B in the plant.
Similarly in the overall experiment the amount of
carbon was present in the highest range as it shows
the highest amount in T, (45.75 %) and was recorded
as leading followed by T, (43.78 %), T (42.06 %), T,
(41.42 %), T, (41.07 %), T, (40.96 %) and T\ (40.55
%). Thus % nitrogen content was present in only T’
(0.95 %), T, (0.88 %), and T (0.86 %) in decreasing
order while absent in T,, T,, T, and T, Oxygen

content also shows a positive effect under B.

In overall experiment the level of boron T =15 mg/
kg boric acid is useful for wheat since it increases
the level of nutrients in wheat plant. Thus, the study
performed under B stress helps understand elemental
distribution in various treatments in wheat plants.
'This study might help in the identification of certain
elements in wheat and a novel record for plant
chemists and plant biologists for future research.

Proximate concentration of wheat under boron stress

Results in Table 2 and Figure 4A-E revealed the
proximate assessment of wheat crop under induced
boric acid showing essential variation in moisture

content, dry matter, crude fat, crude ash and crude
protein contents. Overall, the moisture content was
observed as highest in T, (9.92%) followed by T,

(9.10%), and T, (8.78%), while the lowest moisture
content were observed in T (8.10%).

// 7 7 Z
TR0 T3 T2 T Te=lz T515  Te=is
Treatments (mgkg)

= 6 TR Tz T
Treatments (mg/kg)

[BS888 % Crude fiber
B % Ash

% Composition

o0d
T0 TS T26 T30  T4=12  T515  Te=18

Treatments (mg/kg) Treatments (mg/kg)

[EEH % Crude protein

15
14 o

To=0 TI=3 T2=6 T3=9 T4=12  T5%15 Te=18
Treatments (mg/kg)

Figure 4: Different amount of nutrients detecting in
wheat under B stress at different treatments (A) %
Moisture content, (B) % Dry matter yield, (C) % Crude
Jiber, (D) % Ash, (E) % Crude protein.

Dry matter analysis resulted in maximum values in
T, and T, (91.90%) dry matter yield each followed
by T, (91.685%) and T, (91.47%), T, (91.30%), T,
(91.22%), whereas the lowest value was observed in

T, (90.08%).

Table 2: Proximate composition of Boron stress on 1. aestivum.

S.  Treatments % Moisture % Dry On dry matter basis

No. UL g TRase % Crude fat % Crude ash % Crude protein

1 T, =0mg/kg 8.10 91.90 0.91 15.09 10.62

2 T, =3mg/kg 8.78 91.22 1.45 10.47 9.95

3 T,=6mg/kg 8.315 91.685 1.05 13.35 11.54

4 T,=9mg/kg 8.53 91.47 1.03 7.88 10.94

5 T,=12mg/kg 9.92 90.08 1.32 8.55 12.12

6 T.=15mg/kg 9.10 90.90 0.77 7.80 10.48

7 T ,=18mg/kg 8.70 91.30 2.03 13.05 14.33
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The crude fats content ranged from 2.03% in T to
0.77% in (T,). Crude ash content was found higher
and usually maximum at T (15.09%) followed by T,
(13.35%), T, (13.05%) and minimum at T, (7.80%)
and T, (7.88%).

Variation has been observed in composition of crude
protein as T, (14.33%), T, (12.12%), T, (11.54%), T,
(10.94%),T0 (10.62%),T5 (10.48%) and T1 (9.95%)

in decreasing order.

Wheat is an important cereal crop and in the
present context, loss in yield due to any of the biotic
or abiotic stresses is unendurable. Cereals are an
important source of micronutrients; such as minerals
and vitamins which are essential for a healthy life
(Akin ez al., 2020). B has long been recognized as an
essential micronutrient for higher plants and B stress
(deficiency or toxicity) in crops including wheat is
common and economically important. B deficiency
affects vegetative and reproductive stages of plant
growth (Asad ef al., 2002; Mishra ez al., 2009). B is
said to be taken up by plants as undissociated boric
acid. Within plants, B is relatively immobile. It is
not readily relocated from old to young plant tissues
(Wang ez al., 1996). Wheat is known to respond to
the application of several macro and micronutrients
during its growing stages and results in enhanced
output in terms of yield. Although micronutrients
comprising zinc, copper, iron, manganese, boron,
molybdenum and chlorine are required by plants
in much smaller amounts, they are as essential as
the major nutrients such as nitrogen, phosphorus,
potassium etc. (Sharma and Agrawal, 2005; Khan
et al., 2019a). Micro and macro elements and heavy
metals have certain known risks (Ullah ez a/., 2017).
Soil pH is also an important factor; when its regulating
material effect is applied to grasses, usually as lime, the
plant molybdenum level rises and the levels of Cu, Fe,
Mn, and Zn decline as the pH is raised from the acid
range towards neutrality (Kosta and Byrne, 1982).
Therefore, various studies have contributed to the
elemental study of plants using different techniques
but results in the research corroborate those of Khan
et al. (2012), who studied elemental analysis of
some selected species of Ficus genus through atomic
absorption spectrophotometry technique. Those
authors had observed thirteen elements including
sodium, potassium, copper, zinc, chromium, calcium,
manganese, ferric, nickel, magnesium, cadmium,
cobalt, and lead in the genus Ficus with species

such as Ficus benghalensis L., Ficus religiosa L., Ficus
microcarpa L.f., Ficus racemosa L., Ficus hispida L.,
Ficus carica L., and Ficus lacor Buch.-Ham. Similar
to this, research of Seth and Aery (2017) is also in
line with our study. In fact, they investigated B and
its effects on biochemical constituents, enzymatic
activities, and growth performance of wheat. They
designed experiments as soils supplemented with
different B concentrations and observed different
growth parameters to determine the impact of B
toxicity. They mainly found that B induced changes
in the plant’s physiological parameters, leading to
a subsequent reduction in growth, production of
biomass, and yield characteristics. Therefore, Effiong
et al. (2009) also studied Telfairia occidentalis Hookf
(leaves and seeds) and Abelmoschus esculentus Moench
(leaves and pod/seeds) for their mineral contents to
assess their nutritive and energy values. The findings
showed that fluted pumpkin leaves (86.29 + 1.77 %)
and seeds (74.29 + 1.58 %) and okra leaves (78.53 +
3.4 %) and pod/seeds (82.9 + 0.75 %) had relatively
high mean humidity content. There was a relatively
high mineral content (potassium, phosphorus, iron,
manganese, copper, zinc and vitamin C, suggesting
that both vegetables could be good supplements of
these nutrients. Similar to the present work Ullah ez
al. (2017) also determined the mineral composition
of selected vegetables, commonly used as food in
Pakistan. These are Amaranthus thunbergii Moq.,
Caralluma edulis (Edgew.) Meve & Liede, Allium
atrosanguineum Schrenk, Rumex patientia L., and
Portulaca oleracea L. collected from the arid region of
South Waziristan Agency, Pakistan, and subjected to
minerals analysis. Their findings have revealed that all
these studied vegetables can provide human beings
with vital nutrients. As a good source of proteins,
tats and carbohydrates. A. thunbergii, C. edulis, and
P oleracea are capable of supplying energy to the
user. Similar results were also made by Hussain ez a/.
(2013) investigating elemental analysis of important
leafy vegetables (Malva sylvestris L., Eruca sativa (L.)
Cav., and Mentha sylvestris L.) and fleshy vegetables
(Brassica rapa L., Brassica oleracea var. botyris L., and
Raphanus sativus L.) which are commonly used in
the rural areas of Usterzai, Pakistan. Their results
concluded that R. sativus had the highest iron (13.03
+0.14), copper (9.96 + 0.16), manganese (0.79 + 0.01),
cadmium (0.21+ 0.01) and lead (0.44 + 0.02) while E.
sativa had the highest magnesium (25.65 = 0.21) and
M. sylvestris had the highest sodium (81.04 + 0.17)

concentrations. They concluded that B. oleracaea and

March 2024 | Volume 30 | Issue 1 | Page 13

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Pakistan Journal of Weed Science Research

R. sativus are active in terms of nutritional properties.
Therefore, the amounts of radioactive elements
such as cadmium and lead are small, making these
vegetables healthier for local citizens. While outputs
of Khan ez al. (2019a), also corroborate our results. In
fact, they also studied the effects of B on the growth
and yield components of wheat from 2015 to 2016
during the winter season. Treatments included zinc
(as zinc sulfate 25g/L), boron (as boric acid 20g/L),
and zinc plots B (as zinc sulfate and boric acid 25
g/L and 20g/L, respectively). The recommended
dose of NPK was applied at the rate of 60, 75, and
0 kg ha', respectively. Their study revealed that
foliar application of zinc + boron in wheat showed
significant variation for all of the parameters recorded
study except days to emergence. In case of interaction,
maximum plant height (103 c¢m), grains spike™ (45),
1000 grains weight (37 g), grain yield (5966.67 kg ha”
1), biological yield (19059 kg ha™), and harvest index
(31.30%) were recorded with foliar application of
Zn+B. However, Grieve and Poss (2000) also studied
wheat and their interactive effects of salinity and
varying concentrations of B on growth, yield, and ion
relations. While Qamar e7 a/. (2020) also provided
the same suggestion in their study and investigated
the role of soil-applied B in improving the growth,
yield, and fiber quality of the cotton crops. 5 different
B doses (i.e., 0.00, 2.60,5.52,7.78, and 10.04 mg kg™
of soil) and two cotton cultivars (i.e., CIM-600 and
CIM-616) were included in the study. Soil applied B
(2.60 mg kg!) significantly improved growth, yield,
physiological parameters, and fiber quality, while
10.04 mg kg application improved B distribution in
roots, seeds, leaves, and stalks. They noted significant
improvement in plant height (12 %), leaf area (3 %),
number of bolls (48 %), boll size (59 %), boll weight
(52 %), seed cotton yield (52 %), photosynthesis (50
%), transpiration rate (10 %), stomatal conductance
(37 %), and water use efficiency (44 %) of CIM-600
with 2.60 mg kg™ compared to control treatment of
CIM-616. Therefore, cultivar CIM-600 and 2.60 mg
kg soil B application recommended for higher yield
and productivity.

Conclusions and Recommendations

'The current study concluded that the work under B
stress resulted in the maximum number of elements
detected in wheat crops. A total of 18 elements were

detected and observed in wheat including Ca, §, K,
Si, Na, Mg, Fe, Al, Cu, Cr, Cl, Mn, B, C, N, Co, and

Ni in different treatments of B. The level of each
element varies from one treatment to another. Thus,
the study performed under B stress helps understand
elemental distribution in various treatments in wheat
plants. This study might help in the identification of
certain elements in wheat and a novel record for plant
chemists and plant biologists for future research.

Novelty Statement

'This study presents novel insights into the proximate
composition and mineral content of wheat (7riticum
aestivum L.) subjected to boric acid stress, employing
Energy-Dispersive X-Ray Fluorescence (EDX)
analysis. By investigating the effects of boric acid
stress on wheat, this research contributes valuable
knowledge to understanding the plant’s responses
to environmental stressors and its implications for
agricultural sustainability and food security
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