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Abstract

Background Boron (B) deficiency is an important factor for poor seed cotton yield and fiber quality. However, it is
often missing in the plant nutrition program, particularly in developing countries. The current study investigated B's
effect on growth, yield, and fiber quality of Bt (CIM-663) and non-Bt (Cyto-124) cotton cultivars. The experimental
plan consisted of twelve treatments: Control (CK); B at 1 mg-kg*1 soil application (SB1); 2 mg-kgf1 B (SB2); 3 mg-kgf1
B (SB3); 0.2% B foliar spray (FB1); 0.4% B foliar spray (FB2); 1 mg-kg™' B+ 0.2% B foliar spray (SB1+FB1); 1 mg-kg™"
B+ 0.4% B foliar spray (SB14FB2); 2 mg-kg™' B+ 0.2% B foliar spray (SB2 +FB1); 2 mg-kg~' B+0.4% B foliar spray
(SB2+FB2); 3 mg-kgf1 B+ 0.2% B foliar spray (SB3 4+ FB1); 3 mg-kg*1 B+ 0.4% B foliar spray (SB3 + FB2). Each treat-
ment has three replications, one pot having two plants per replication.

Results B nutrition at all levels and methods of application significantly (P < 0.05) affected the growth, physiological,
yield, and fiber quality characteristics of both cotton cultivars. However, SB2 either alone or in combination with foliar
spray showed superiority over others, particularly in the non-Bt cultivar which responded better to B nutrition. Maxi-
mum improvement in monopodial branches (345%), sympodial branches (143%), chlorophyll-a (177%), chlorophyll-b
(194%), photosynthesis (169%), and ginning out turn (579%) in the non-Bt cultivar was found with SB2 compared
with CK. In Bt cultivar, although no consistent trend was found but integrated use of SB3 with foliar spray performed
relatively better for improving cotton growth compared with other treatments. Fiber quality characteristics in both
cultivars were improved markedly but variably with different B treatments.

Conclusion B nutrition with SB2 either alone or in combination with foliar spray was found optimum for improving
cotton’s growth and yield characteristics.
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Introduction

Cotton (Gossypium hirsutum L.) is an important com-
mercial crop grown in various environments for its high-
quality fiber and oil. It is globally playing a leading role
in the agricultural and industrial economy by providing
raw materials, particularly for the textile industry, and
employment (Rana et al. 2020). Globally, it was grown on
33.1 million hectares, yielded 136 million bales, and pro-
duced about 35% of the total fiber during the year 2020
(FAO 2021). Pakistan is ranked in the 3rd position in the
world for cotton exports, the 4th in terms of area under
cotton cultivation and the 39th in average productivity.
Around 26% of farmers in Pakistan are growing cotton on
1937 thousand hectares, and producing 8.3 million bales.
It provides raw materials for the textile industry which
is the largest agro-industrial sector of Pakistan, employs
17% of people, earns 60% of foreign exchange, and con-
tributes 0.6% to GDP and 2.4% of the value added in agri-
culture (Economic Survey of Pakistan 2022).

An adequate plant nutrition program for cotton should
be comprised of macronutrients including nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), magne-
sium (Mg), and sulfur (S) as well as micronutrients such
as copper (Cu), iron (Fe), zinc (Zn), manganese (Mn),
boron (B), chlorine (CI), nickel (Ni) and molybdenum
(Mo) (White and Brown 2010). However, the current
nutrient management program for cotton in Pakistan is
based mainly on the use of N, P, and K, while neglect-
ing micronutrients (Khan et al. 2016). An inadequate
and imbalanced supply of plant nutrients might be the
major cause of low seed cotton yield and fiber quality
of cotton in Pakistan (Ashraf et al. 2017). The excessive
vegetative growth, poor flower, and fruit setting, as well
as retention, and increased susceptibility to insects and
pests, might be the result of poor and imbalanced crop
nutrition (Rodrigues et al. 2022). Intensive cultivation,
high yielding targets, soil alkalinity, and inadequate use of
chemical fertilizers result in the deficiencies of multiple
nutrients (Yaseen et al. 2013). The deficiency of macro
and micronutrients is declining cotton productivity and
fiber quality in current years which will become worse
in the future if not addressed appropriately (Kumar et al.
2018).

B is considered the most important micronutri-
ent required in all stages of cotton growth, particu-
larly during flowering and boll formation (Rashid et al.
2002; Yeates et al. 2010). In various areas of the world
where cotton is being grown, B deficiency is widespread
(Zhao and Oosterhuis 2003; Ahmed et al. 2011). Boron
deficiency affects 50% of Pakistan’s cotton-growing
regions (Ahmed et al. 2013). It has been found that
tropical soils with their low levels of organic matter
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and clay are frequently deficient in B (Communar and
Keren 2008; Arif et al. 2012). The soil B concentration
of 0.60 mg-kg ™! extracted with hot water has been con-
sidered as the threshold for general crops (Aitken and
McCallum 1988) while 0.4~0.55 mg-kg™' for cotton
(Oosterhuis 2001). Ahmad et al. (2019) reported that
sandy texture, high pH, and low organic matter con-
tent could be the main reasons for low B availability for
cotton. Furthermore, high calcium carbonate not only
increases the soil pH to reduce B availability but also
serves as the binding site for the adsorption of soluble
B (Shaaban et al. 2004; Shaaban and Helmy 2006).

B is essential for several metabolic processes in cot-
ton including carbohydrate metabolism, sugar transfer,
respiration, flower, and fruit development, cell division
and elongation, as well as membrane stability (Blevins
and Lukaszewski 1998; Zhao and Oosterhius 2002;
Ali et al. 2011; Mengel et al. 2012). B contents above
16 mgkg™' in recently matured leaves of cotton are
considered sufficient for growth and yield (Rosolem
et al. 1999). B deficiency may produce small and
deformed bolls, poor flower and fruit setting as well as
retention, and consequently reduced seed cotton yield
and fiber quality (Roberts et al. 2000; Brown et al. 2002;
Fontes et al. 2008). According to Sankaranarayanan
et al. (2010), B deficiency at the maturity stage of cot-
ton increases the shedding of flowers and bolls, which
eventually lowers the seed cotton yield. Cotton is found
to be more sensitive to B deficiency at the reproductive
phase which might the major factor of low seed cotton
yield on B-deficient soils (Rosolem and Costa 2000; de
Oliveira et al. 2006). The boll formation and retention
in cotton is greatly affected by carbohydrate contents
in plants which depends on the B-driven movement
of photo-assimilates from leaves to fruits (Bogiani and
Rosolem 2012). The reduction in carbohydrate trans-
location due to B deficiency may cause increased boll
shedding, and less seed cotton yield (Zhao and Oost-
erhuis 2003). Furthermore, water transport, Ca absorp-
tion, hormone biosynthesis, and root growth in plants
are severely affected by B deficiency, reducing cotton
growth and development (Abdulnour et al. 2000; Lou
et al. 2001).

Plant response to B nutrition may vary greatly depend-
ing upon crop species, varieties within species, level and
method of B application, nature of the soil, and climatic
conditions (Ahmad et al. 2009). Rosolem et al. (1999)
reported that cotton varieties may behave differentially to
B nutrition due to the variations in these varieties’ poten-
tial for carbohydrate transport, B storage and utiliza-
tion, and associated mechanisms. B application methods
including seed dressing, soil, and foliar application may
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perform differently depending upon many soil, plant, and
climatic factors (Kumar et al. 2018).

An adequate supply of B is required for optimum crop
yield and quality. However, the differential response of
crop species and varieties within species, and a nar-
row range between deficiency and toxicity levels of B
in soil necessitate the choosing of the optimum B dose
for achieving quality crop production. It is considered
that Bt and non-Bt cotton cultivars are greatly different
in their growth and yield behavior as well as nutritional
requirements. The present research was planned to eval-
uate the effect of different levels and methods of B appli-
cation on growth, yield, physiological, and fiber quality
characteristics of Bt and non-Bt cotton cultivars. The
research was based on the hypothesis that a combination
of soil and foliar application of B might be more effective
to achieve optimum seed cotton yield and fiber quality
characteristics.

Materials and methods

Experimental site description

The experiment was conducted under natural conditions
in an open wirehouse having GPS values 30.10° N, 71.25°
E, and 128.3 m elevation at Faculty of Agricultural Sci-
ences & Technology, Bahauddin Zakariya University,
Multan, Pakistan. During the experimental period, the
minimum monthly temperature ranged from 19.8 to
28.9 °C while the maximum temperature was in the range
of 36.2~42.2 °C. Relative humidity changed from 35% to
58%, precipitation was 12~24 mm, evapotranspiration
was 3.1~9.6 mm, the wind speed was 0.83~2.77 m-s L,
and sunshine was 8.5~10.5 h per day during this period.
The soil was collected from a cultivated field under a cot-
ton-wheat cropping system. The soil was air-dried, pul-
verized, and passed through a 2-mm sieve prior to filling
the pots. Earthen pots having a volume of 25 x 20 x 20
cm?® were used in experimentation. Each pot was lined
with a polythene sheet and filled with 20 kg of prepared
soil. Selected physicochemical characteristics of soil ana-
lyzed prior to experimentation are presented in Table 1.

Experimental details

The experimental plan comprised of twelve treat-
ments: Control (CK); B at 1 mgkg ' soil applica-
tion (SB1); 2 mgkg™' B (SB2); 3 mgkg' B (SB3);
0.2% B foliar spray (FB1); 0.4% B foliar spray (FB2);
1 mg-kg™! B+0.2% B foliar spray (SB1+FB1); 1 mg-kg™!
B+0.4% B foliar spray (SB1+FB2); 2 mg-kg™* B+0.2%
B foliar spray (SB2+FB1); 2 mgkg' B+04% B
foliar spray (SB2+FB2); 3 mg-kg™' B+0.2% B foliar
spray (SB3+FB1); 3 mgkg™! B+0.4% B foliar spray
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Table 1 Pre-sowing analysis of experimental soil
Soil characteristic Values
Soil texture Loam
Electrical conductivity 0.73dS-m™"

Sodium adsorption ratio 2.30 (mmol-L=")"2

pH 8.22

Organic matter 0.71%
Saturation percentage 28.45%

Total N 0.068%
Available P 7.14mg-kg™!
Extractable K 198 mg-kg™'
Hot water extractable B 0.295 mg-kg™!

(SB3+FB2). Each treatment was replicated thrice, and
each replication has one pot having two plants. Meas-
urements were made separately for each plant and then
averaged to get the mean value for each replication. Boric
acid (H3;BO;) from Sigma Aldrich Chemicals was used as
a B source. Soil application of B was done prior to sow-
ing by incorporating the required amount of H;BO, into
respective pots. While the foliar spray was made at 35 and
70 days after germination using 30 mL solution for each
plant per spray. Two cotton cultivars CIM-663 and Cyto-
124 were used in the experimentation. CIM-663 was a Bt
cultivar having high yield potential, heat tolerance, big
boll, and tolerance to pest incidence. It was developed
by Central Cotton Research Institute, Multan, Pakistan
in the year 2020. It has a fiber length of 28.8 mm, a gin-
ning out turn (GOT) of 38.8%, and a micronaire value of
4.4 pg-inch™'. CYTO-124 was a non-Bt high-yield culti-
var that possessed resistance against the leaf curl virus.
It was also developed by Central Cotton Research Insti-
tute, Multan, Pakistan in the year 2016. It has a fiber
length of 30.3 mm, a GOT of 43%, and micronaire value
of 4.4 pg-inch ™,

The sowing was done on April 22, 2021. Ten dehulled
cottonseeds of each cultivar were sown in each pot and
thinned to two seedlings per pot 15 days after germina-
tion. The uprooted plants were incorporated into the
same pot. Recommended amounts of N 80 mg-kg™" soil
as urea, P,O; 50 mg-kg™' soil as single superphosphate,
and K,0 50 mg-kg™' soil as potassium sulfate were
added. The whole of P, K, and 1/3 N were added at the
time of sowing while the remaining N was added in two
splits, 40 and 75 days after germination. For plant pro-
tection against different insects and pests, Bifenthrin,
Pyriproxyfen, Acephate, and Novastar were sprayed
when required. Weeding was done manually throughout
the experimentation.
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Physiological characteristics

Physiological characteristics in terms of chlorophyll
contents, membrane stability index (MSI) and relative
water content (RWC) were determined during active boll
development (80 days after germination). Chlorophyll-
a and chlorophyll-b were measured by the methods of
Arnon (1949) and Davies (1976) using the 4th top most
leaf from each plant. For this purpose, 0.5 g of leaf sam-
ples was treated overnight in 80% acetone. Absorbance
readings of the supernatant was recorded at 645 (A) and
663 (B) nm with spectrophotometer (Beckman Coulter
DU 730 UV-Vis Spectrophotometer, USA), and used the
following formula to determine the chlorophyll content:

Chlorophyll — a(mg . g_l) ={[(0.0127 x B)
—(0.00269 x A) x V]/W};

Chlorophyll — b(mg : g_1> ={[(0.0229 x A)
—(0.00468 x B) x V]/W};

where A and B are absorbance, V is the volume of sample
extract, and W is the weight of the sample.

For MSI estimation, 100 mg of leaf material (the 5th
topmost leaf) was divided into two sets and each placed
in test tubes containing 10 mL of double distilled water.
One set of leaf samples was heated in a water bath at
40 °C for 30 min, and the conductivity of the solution
(C1) was measured with a conductivity meter (Elico, CM
183 EC-TDS analyzer, India). The second set of leaf sam-
ples in test tubes was heated in a water bath for 20 min at
100 °C, and its conductivity was measured (C2). The MSI
was calculated in accordance with method of Blum and
Ebercon (1981).

MSI = [1—(C1/C2)] x 100.

For determining RWC, the 5th topmost leaf from each
plant (after measuring MSI) was weighed to record the
fresh weight. After that, leaf segments were soaked in
distilled water for four hours and reweighed for turgid
weight. The leaf segments were then dried at 70 °C for
constant weight in an oven (SLN 32, POL-EKO-APARA
TURA). RWC was calculated according to Barr and
Weatherley (1962).

Fresh weight — dry weight
RWC(%) = - : =— x 100
Turgid weight — dry weight

Gas exchange characteristics
Measurements of net photosynthetic rate, transpira-
tion rate, and stomatal conductance were made on the
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fully expanded 3rd topmost leaf of each plant using an
open-system portable infrared gas analyzer (LCA-4
ADC, Analytical Development Company, Hoddesdon,
England). Measurement was made at 9.0 am with the
following specifications/adjustments; maximum leaf
surface PAR was 1 711 pmol-m %57}, the air molar flow
per unit leaf area was 403.3 pmol-m~%s~!, the atmos-
pheric pressure was 99.9 kPa, the water vapor pressure
into the chamber was 6.0~8.9 mbar, the leaf tempera-
ture was 30.7~42.0 °C, the ambient temperature was
28.6~38.5 °C, and the ambient CO, concentration was
352 pmol-mol .

Leaf boron content

Leaf samples (the 6th and 7th leaves from the top) were
collected at 80 days after germination. The leaves were
washed with distilled water, air-dried and then oven dried
at 72 °C till constant weight in an oven (SLN 32, POL-
EKO-APARATURA). Dry ashing was used to determine
leaf B content in accordance with Chapman and Pratt
(1961). Spectrophotometer (Beckman Coulter DU 730)
was used to obtain absorbance measurements of samples,
blanks, and standard solutions at 420 nm. B content was
calculated using the calibration curve (Bingham 1982; Ho
et al. 1986; Malekani and Cresser 1998). The following
formula was used to compute the B content;

B(mg . kg*l) = B(mg - kg1, from calibration curve) x V/W

where V is the total volume of the plant digest (mL) and
W is the weight of dry plant (g).

Plant growth and yield characteristics

Data regarding plant height, monopodial and sympodial
branches per plant, and leaf area per plant were recorded
at 120 days after germination. Plant height was measured
with a meter rod, and leaf area with a leaf area meter (LI-
3100, LI-COR, Lincoln, NE), while other characteristics
were recorded manually. At maturity, yield character-
istics including the number of bolls per plant, boll size,
and boll weight were measured. Boll size was measured
with a Vernier caliper. Seed cotton yield and lint yield
were measured after picking and ginning. For the meas-
urement of ginning out turn (GOT %), lint weight was
divided by seed cotton weight and multiplied by 100.

Fiber quality characteristics

Fiber length was measured using Fibrograph (ASTM
1994a). Pressley Fiber Bundle Tester was used to meas-
ure fiber strength (ASTM 1994b), while Micronaire
Tester (ASTM 1994c) for fiber fineness.
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Statistical analysis

The statistical analysis was done in accordance with a
completely randomized design with two factors, one fac-
tor being the cultivar and the other factor being the B
application (Steel et al. 1997). The least significant differ-
ence (LSD) test was performed to compare the mean val-
ues of different treatments.

Results

Plant growth characteristics

Plant growth characteristics of Bt and non-Bt cotton cul-
tivars in terms of plant height, monopodial branches,
sympodial branches, and leaf area were significantly
(P<0.05) affected by different B levels and methods of
application. When comparing the B levels, a mixed trend
was observed. Overall, soil 4 foliar application performed
best followed by soil and foliar application in descend-
ing order (Table 2). Among the soil application levels,
the tallest plants were found with SB3 for Bt and SB2 for
the non-Bt cultivar. In the case of foliar application, FB1
showed superiority over FB2. When combined use of soil
and foliar application was done, SB1 + FB1 caused maxi-
mum improvement in plant height of both Bt and non-Bt
cultivars. The highest increase in monopodial branches
plant™! of Bt cultivar was 377% with SB3 + FB2 compared
with CK. However, non-Bt cultivar performed optimally
with SB2. Sympodial branches plant™ were highest with
SB1+FB1 for Bt and SB2 for the non-Bt cultivar. Leaf
area was improved with B nutrition, highest improve-
ment of 82.9% in the Bt cultivar with SB3+FB2 com-
pared with CK. The non-Bt cultivar showed the highest
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leaf area with SB2+ FB2, indicating that it required a rel-
atively lower level of B than the Bt cultivar.

Physiological characteristics

B levels and methods of application had a significant
(P<0.05) effect on the physiological characteristics
of both Bt and non-Bt cotton cultivars. The highest
improvement was found with SB2 either alone or in com-
bination with foliar spray (Table 3). Chlorophyll-a con-
tents were found highest with SB3 + FB2 in Bt while with
SB2 in the non-Bt cultivar. The highest increase of 140%
in chlorophyll-b was observed with SB2+FB1 in Bt and
194% with SB2 in the non-Bt cultivar compared with CK.
B nutrition with FB1 showed superiority over others for
improving MSI in both Bt and non-Bt cultivars. Rela-
tively, a slight increase in RWC was found with B nutri-
tion, highest improvement with SB3+FB2 in Bt while
with SB2 in the non-Bt cultivar compared with CK.

Gas exchange characteristics

Gas exchange characteristics such as photosynthetic
rate, stomatal conductance, and transpiration rate
were significantly (P <0.05) affected by different lev-
els and methods of B application in both Bt and non-
Bt cotton cultivars (Table 4). Overall, integrated use of
soil and foliar application caused higher improvement
in gas exchange characteristics of both cultivars com-
pared with the sole application. The highest photosyn-
thetic rate was found with SB2 +FB2 for Bt and with
SB2 for the non-Bt cultivar. Stomatal conductance was
improved with B nutrition, with higher improvement in

Table 2 Growth characteristics of Bt and non-Bt cotton cultivars grown with different levels and methods of B application

Treatments Plant height /cm Monopodial branch Sympodial branch numbers Leaf area /m?
numbers per plant per plant

Bt Non-Bt Bt Non-Bt Bt Non-Bt Bt Non-Bt
CK 451" 51.0¢ 1.3% 1.1¢ 7.0°f 6.3¢ 69.09 72.99
SB1 49.49% 61.8¢ 44> 2.1 10.3< 1422 94,54 88.0%
SB2 5149 72.8% 2.4 49° 11.9° 15.3° 110.2° 97.4¢
SB3 549 70.1¢ 3.2° 3.25¢ 14.0P 9.4 92.8¢ 103.2°
FB1 645 67.4 34° 3.3%¢ 114 12.0° 86.2° 74.89
FB2 57.85 69.2 3.2 244 14.2% 13.2%° 85.4¢ 8849
SB1+4FB1 65.2° 6159 2.9% 19¢ 15.9% 12.1° 94.8¢ 82.7¢
SB1+FB2 63.7° 85.3% 3.9 2.4 12.25¢ 13.4% 80.0°f 89.1¢
SB2 +FB1 59.4% 65.9% 3¢ 2.1 14.1% 13.0° 97.34 89.34
SB2+4FB2 60.3° 59.8% 3.3¢ 3.3%¢ 114¢ 11.45¢ 111.0% 111.3
SB3+FB1 5775 64.5 5.1 19¢ 1235 11.3% 1134° 100.4°
SB3+4FB2 60.4° 5929 6.22 2.1 11.9° 9.5 126.2° 76.59

Values are means of three replicates with two plants per replicate (n = 3). Values with the same letter in a column do not differ significantly at P < 0.05. CK: Control;
SB1:1 mg-kg™' B through soil application; SB2: 2 mg-kg~' B; SB3: 3 mg-kg~" B; FB1: 0.2% B foliar spray; FB2: 0.4% B foliar spray; SB1+FB1: 1 mg-kg~' B+ 0.2% B foliar
spray; SB1+FB2: 1 mg-kg~' B+4-0.4% B foliar spray; SB2 +FB1: 2 mg-kg~' B+4-0.2% B foliar spray; SB2 + FB2: 2 mg-kg~" B+ 0.4% B foliar spray; SB3 +FB1:3 mg-kg~’
B+0.2% B foliar spray; SB3+FB2: 3 mg-kg™' B+ 0.4% B foliar spray
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Table 3 Physiological characteristics of Bt and non-Bt cotton cultivars grown with different levels and methods of B application

Treatments Chlorophyll-a/(mg-g~' FW)  Chlorophyll-b/ (mg-g~'FW)  MSI /% RWC /%
Bt Non-Bt Bt Non-Bt Bt Non-Bt Bt Non-Bt

CK 0.52¢ 040 042f 0.341 68.7¢ 64.8¢ 75.2 68.69
SB1 0.70¢ 0.75% 0.53¢ 061¢ 74.8%¢ 69.7 83.4¢ 78.7¢
SB2 0.71¢ 1118 0.72¢ 1.00° 8397 76.2%° 84.4°¢ 84.12
SB3 0.83° 0.83¢ 0.54¢ 0.62° 6481 574 78.6% 784°
FB1 0.82° 0.62%€ 0.65¢ 0.60° 76.5° 73.1¢ 77.8° 71.7¢f
FB2 0.90° 0.60% 0.74¢ 0.63¢ 71.8¢ 65.9¢ 86.1° 73.8°
SB1+FB1 0.93? 0.74 0.83%¢ 0.54 77.5% 74.4° 78.8% 7245
SB1+FB2 0.85° 0.63% 0.90% 0.85° 7484 75.3° 85.7° 71.5f
SB2 +FB1 0.84° 0619 1.01° 0.55¢ 84.6° 80.52 88.52 74.6%
SB2 +FB2 0912 0.96° 0.72¢ 0.72°¢ 8322 71.8°¢ 78.20¢ 78.7¢
SB3 +FB1 0.80° 0.62% 0.70¢ 0.52¢ 67.9° 64.3% 77.6° 716%
SB34FB2 0.95% 046 0.63¢ 0.44% 62.4%9 57.8f 89.3% 73.5¢

Values are means of three replicates with two plants per replicate (n = 3). Values with the same letter in a column do not differ significantly at P < 0.05. CK: Control;
SB1: 1 mg-kg~" B through soil application; SB2: 2 mg-kg~" B; SB3: 3 mg-kg™' B; FB1: 0.2% B foliar spray; FB2: 0.4% B foliar spray; SB14FB1: 1 mg-kg™' B+ 0.2% B foliar
spray; SB1+FB2: 1 mg-kg~' B+4-0.4% B foliar spray; SB2 +FB1: 2 mg-kg~' B+4-0.2% B foliar spray; SB2 +FB2: 2 mg-kg~" B+4-0.4% B foliar spray; SB3 +FB1:3 mg-kg~’
B+ 0.2% B foliar spray; SB3 +FB2: 3 mg-kg™' B+ 0.4% B foliar spray

Table 4 Gas exchange characteristics of Bt and non-Bt cotton cultivars grown with different levels and methods of B application

Treatments Photosynthetic rate /(umol Stomatal conductance/(mol-m~2.s7") Transpiration rate / (mg

(CO)m2s7") (H,0)m2s7")

Bt Non-Bt Bt Non-Bt Bt Non-Bt
CK 473 56419 0.13" 0.17¢ 243f 2.73¢
SB1 7.96° 13.18° 0.15% 0.21° 3.20° 564
SB2 8.22° 15.19° 0.20% 0.24° 407¢ 6.05°
SB3 6.16% 10.34¢ 0.20% 0.22¢ 501¢ 6.28°
FB1 7.09¢ 13.30° 0.26° 0.19¢ 499° 5.76%
FB2 7.98¢ 11.79° 0.31° 0.18% 5.130¢ 5.15°
SB1 +FB1 9.18° 11.42° 0.24% 0.18% 6.17% 6.44%
SB1+FB2 10.85° 9.16% 0.19% 0.23% 5.73° 6.23°
SB2 +FB1 10.95° 1228 0.19% 0272 6.07% 6.23°
SB2 +FB2 11.04° 11.04 0.19% 0.19¢ 5.27°¢ 527°
SB3+FB1 9.25° 9.80¢ 0372 0.19¢ 6.75° 4.71b¢
SB3+FB2 9.39° 9.03% 031° 0.25% 5.96% 6.11°

Values are means of three replicates with two plants per replicate (n = 3). Values with the same letter in a column do not differ significantly at P <0.05. CK: Control;
SB1: 1 mg-kg™' B through soil application; SB2: 2 mg-kg™' B; SB3: 3 mg-kg™"' B; FB1: 0.2% B foliar spray; FB2: 0.4% B foliar spray; SB1+FB1: 1 mg-kg™' B+ 0.2% B foliar
spray; SB1+FB2: 1 mg-kg~' B4-0.4% B foliar spray; SB2 +FB1: 2 mg-kg~' B+4-0.2% B foliar spray; SB2 +FB2: 2 mg-kg~" B+4-0.4% B foliar spray; SB3 +FB1:3 mg-kg~’
B+0.2% B foliar spray; SB3 +FB2: 3 mg-kg™' B+0.4% B foliar spray

the Bt cultivar compared with the non-Bt one. Among
different treatments, SB3 4 FB1 performed best for Bt
while SB2+FB1 for the non-Bt cultivar in improving
stomatal conductance. When comparing the B applica-
tion methods for stomatal conductance, the Bt cultivar
responded better to foliar application, while the non-
Bt cultivar to soil application. In the case of transpi-
ration, SB2 and SB3 performed better than SB1 either
alone or in combination with foliar application. Among

B application methods, integrated use of soil and foliar
application performed best followed by foliar and soil
application in descending order.

Leaf boron content

Leaf B was significantly (P<0.05) increased with
the increasing level of B application. Soil application of
B caused a higher increase in leaf B content compared
with foliar application. Overall, SB3 + FB2 caused the
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highest increase of 295% in leaf B content of Bt and
269% in the non-Bt cultivar compared with CK (Fig. 1).

Yield characteristics

Seed cotton yield and yield characteristics including
the number of bolls per plant, boll size, boll weight, and
GOT were significantly (P <0.05) affected by different
levels and methods of B application in both Bt and non-
Bt cotton cultivars (Fig. 2). The minimum number of
bolls per plant was found in CK which improved with
B nutrition, the highest improvement with SB3 -+ FB2
in Bt and SB2+FB2 in the non-Bt cultivar compared
with CK (Fig. 2a). Boll size was maximally improved
by 71.6% in Bt cultivar with SB2+ FB1 while 36.5% in
a non-Bt cultivar with SB2 compared with CK. Soil
application caused a higher increase in boll size com-
pared with foliar (Fig. 2b). The highest boll weight was
found with SB3 in Bt and SB2 in the non-Bt cultivar
(Fig. 2c). Seed cotton yield was improved with all levels
and methods of B application, the highest improvement
with SB2 in the Bt and SB1+ FB1 in the non-Bt culti-
var (Fig. 2d). Minimum GOT was found in CK which
improved maximally with SB1 in the Bt and with SB2 in
the non-Bt cultivar (Fig. 2e).

Fiber quality characteristics

Fiber quality characteristics in terms of fiber length, fiber
strength, and fiber fineness were relatively less affected
by different levels and methods of B application in both
Bt and non-Bt cultivars compared with growth and yield
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characteristics (Fig. 3). The highest improvement in fiber
length was found with SB1+FB2 in the Bt and with FB2
in the non-Bt cultivar (Fig. 3a). Fiber strength was least
affected among the fiber quality characteristics by B
nutrition. It was maximally improved by 13.2% in the Bt
cultivar with SB2+ FB2, while 11.5% in the non-Bt cul-
tivar with SB1 compared with CK (Fig. 3b). The highest
improvement of 78.6% in fiber fineness of Bt cultivar was
found with FB2 while 79.4% of non-Bt cultivar with SB3
compared with CK (Fig. 3c).

Discussion

B-mediated improvement in cotton growth of both
cultivars was attributed to its involvement in the syn-
thesis of photosynthetic pigments and photosynthesis
(Liu et al. 2000; Karaman et al. 2012; More et al. 2018).
According to Dordas (2006), a higher photosynthetic
rate at adequate B supply could be the main mecha-
nism for improving cotton growth and development.
B-induced improvement in plant height was associated
with its role in cell division, cell elongation, and the dis-
tance increase between main stem nodes and internodes
(Ahmed et al. 2013). B deficiency might inhibit the devel-
opment of petiole and peduncle cells, resulting in lower
cotton growth and productivity (de Oliveira et al. 2006).
The mixed trend to change the growth characteristics of
both cotton cultivars by different levels and methods of
B application was due to the reason that cotton required
relatively lower B at the vegetative growth stage (Sagheer
et al. 2019). The higher efficiency of soil + foliar applica-
tion was associated with quick B supply by foliar spray

B Non-Bt cultivar
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Fig. 1 Leaf B content of Bt and non-Bt cotton cultivars grown with different levels and methods of B application
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and its persistent availability by soil application (Kumar
et al. 2018; Atique-ur-Rehman et al. 2020).

B-mediated improvement in chlorophyll synthesis,
MSI, and RWC could be due to its role in the structural
stability of chloroplast and cell membrane (Nadim et al.
2012). B involvement in membrane integrity was asso-
ciated with the synthesis of pectin which is a structural
protein improved membrane structure stability (Hu
et al. 1996; Wu et al. 2017). Furthermore, B deficiency
enhanced the production of reactive oxygen species
(ROS) which damaged the structure of chloroplast and
cell membrane, resulting in lower chlorophyll content,
photosynthesis, and MSI (Hajiboland and Farhanghi
2010; de Souza Janior et al. 2022).

Improvement in photosynthesis, stomatal conduct-
ance, and transpiration with B nutrition was associated
with increased leaf area (Li et al. 2012), higher chloro-
phyll synthesis (Dordas 2006), increased assimilation rate
(Nadim et al. 2012), and translocation of photosynthates
from source to sink (More et al. 2018). B deficiency could
cause leaf yellowing, dieback, brittleness, leaf thicken-
ing, veins swelling, and leaf rupturing, all of which led
to reduced chlorophyll contents and photosynthetic rate
(Liu et al. 2014). B deficiency could decrease the stoma-
tal density and chloroplast contents which led to lower
chlorophyll and photosynthesis (Wei et al. 2022)). Boron
deficiency might damage the vascular bundles which
restricted the transport of water, carbohydrates, and
nutrients, leading to lower photosynthesis, transpiration,
and stomatal conductance (Li et al. 2017).

The marked increase in seed cotton yield and yield char-
acteristics of Bt and non-Bt cultivars in response to B nutri-
tion could be associated with its role in pollen production
and pollen viability, germination and development of pol-
len tubes, flowering, fruit setting, and retention (Silva et al.
2003; Wang et al. 2003; de Oliveira et al. 2006; Qamar et al.
2020). Increased membrane integrity, photosynthetic rate,
and stomatal conductance with B nutrition resulted in an
increase in the number of bolls per plant, boll size, and
weight (Ahmad et al. 2009). Higher yield characteristics at a
high level of B application indicated that the B requirement
was more critical at the reproductive phase in cotton (Wei
et al. 2022). Furthermore, adequate B application increased
the B content in the leaf which could also contribute to
the improved cotton yield by improving chlorophyll syn-
thesis, photosynthesis, enzyme activities, flowering, and
boll development (Rashid and Rafique 2002). The higher B
requirement Bt cultivar was related to its genetic makeup
and higher yield potential (Shah et al. 2015).

The improvement in fiber quality with B nutrition
might be associated with its role in cell division and dif-
ferentiation, cell enlargement, photosynthesis, and pho-
tosynthates translocation from leaves to bolls (Liu et al.

Page 10 of 12

2000; Zhao and Oosterhuis 2003; de Oliveira et al. 2006;
Karaman et al. 2012; Bogiani et al. 2013). The role of B
in improving fiber quality was also related to its involve-
ment in enzymatic activities, hormonal balance, protein
synthesis, and metabolism (Camacho-Cristobal et al.
2004; Martin-Rejano et al. 2011; Ahmed et al. 2013;
Wei et al. 2022). Seilsepour et al. (2013) reported that B
could improve the fiber quality of cotton by producing
strong and well-developed fibers. B was found to speed
up the fiber maturity and thus improving the fiber qual-
ity characteristics (Rashidi and Seilsepour 2011).

Conclusions

Cotton growth, physiological, yield, and fiber quality
characteristics in Bt and non-Bt cultivars were improved
by different levels and methods of B application. Among
different treatments, SB2 either alone or in combination
with foliar spray showed superiority over other treat-
ments. B-mediated improvement in leaf area, chlorophyll
synthesis, photosynthesis, stomatal conductance, and
MSI could be the principal mechanisms for increased
cotton productivity.

Acknowledgements
Authors are very grateful to Central Cotton Research Institute, Multan, Pakistan
for providing seeds of two cotton cultivars.

Author contributions

Mehran M executed the experiment. Ashraf M and Shahzad SM helped in
planning and writing the manuscript. Shakir MS, Ahmad F, and Alvi A helped
in research planning and analytical work. Azhar MT helped with data analysis.
All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Mean data are provided in table and figure files. Replication data are available
and can be provided on request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
None of the authors have any conflict of interest.

Received: 5 September 2022 Accepted: 10 January 2023
Published online: 25 January 2023

References

Abdulnour JE, Donnelly DJ, Barthakur NN. The effect of boron on calcium
uptake and growth in micropropagated potato plantlets. Potato Res.
2000;43(3):287-95.



MEHRAN et al. Journal of Cotton Research (2023) 6:1

Ahmad S, Akhtar LH, Igbal N, et al. Short communication cotton (Gossypium
hirsutum L.) varieties responded differently to foliar applied boron in
terms of quality and yield. Soil Environ. 2009;28(1):88-92.

Ahmad S, Hussain N, Ahmed N, et al. Influence of boron nutrition on physi-
ological parameters and productivity of cotton (Gossypium hirsutum L.)
crop. Pak J Bot. 2019;51(2):401-8.

Ahmed N, Abid M, Ahmad F, et al. Impact of boron fertilization on dry mat-
ter production and mineral constitution of irrigated cotton. Pak J Bot.
2011;43(6):2903-10.

Ahmed N, Abid M, Rashid A, et al. Boron requirement of irrigated cotton in
a typic haplocambid for optimum productivity and seed composition.
Commun Soil Sci Plant Anal. 2013;44(8):1293-309.

Aitken RL, McCallum LE. Boron toxicity in soil solution. Soil Res.
1988,;26(4):605-10.

Ali L, Ali M, Mohyuddin Q. Effect of foliar application of zinc and boron on seed
cotton yield and economics in cotton-wheat cropping pattern. J Agric
Res. 2011,49(2):173-80.

Arif M, Shehzad MA, Bashir F, et al. Boron, zinc and microtone effects on
growth, chlorophyll contents and yield attributes in rice (Oryza sativa L.)
cultivar. African J Biotech. 2012;11(48):10851-8.

Arnon DI. Copper enzymes in isolated chloroplasts Polyphenoloxidase in Beta
vulgaris. Plant Physiol. 1949;24(1):1-15.

Ashraf M, Shahzad SM, Imtiaz M, et al. Ameliorative effects of potassium
nutrition on yield and fiber quality characteristics of cotton (Gossypium
hirsutum L) under NaCl stress. Soil Environ. 2017;36:51-8.

ASTM. Standard test method for breaking strength and elongation of fibers
(flat bundle method). Annual Book of ASTM Standards. Philadelphia:
ASTM. 1994c. p. 392-397.

ASTM. Standard test method for fiber length and length distribution of cotton
fibers. Annual Book of ASTM Standards. Philadelphia: ASTM. 1994a. p.
753--756.

ASTM. Standard test methods for measurement of cotton fibers by high
volume instruments. (HVI). Annual Book of ASTM Standards. Philadelphia:
ASTM. 1994b. p. 486-494.

Atique Ur R, Qamar R, Hussain A, et al. Soil applied boron (B) improves growth,
yield and fiber quality traits of cotton grown on calcareous saline soil.
PLoS ONE. 2020;15(8):€0231805. https://doi.org/10.1371/journal.pone.
0231805.

Barr HD, Weatherley PE. A re-examination of the relative turgidity technique
for estimating water deficit in leaves. Aust J Biol Sci. 1962;15:413-28.
Bingham FT. Boron. In: Page AL, editor. Methods of soil analysis: part 2 chemi-
cal and mineralogical properties. Madison, WI: American Society of

Agronomy; 1982. p. 431-48.

Blevins DG, Lukaszewski KM. Boron in plant structure and function. Annu Rev
Plant Biol. 1998;49(1):481-500.

Blum A, Ebercon A. Cell membrane stability as a measure of drought and heat
tolerance in wheat. Crop Sci. 1981;21:43-7.

Bogiani JC, Rosolem CA. Compared boron uptake and translocation in cotton
cultivars. Rev Bras Ciénc Solo. 2012;36:1499-506.

Bogiani JC, Amaro ACE, Rosolem CA. Carbohydrate production and
transport in cotton cultivars grown under boron deficiency. Sci Agric.
2013;70:442-8.

Brown PH, Bellaloui N, Wimmer MA, et al. Boron in plant biology. Plant Boil.
2002;4(02):205-23.

Camacho-Cristobal JJ, Lunar L, Lafont F, et al. Boron deficiency causes accumu-
lation of chlorogenic acid and caffeoyl polyamine conjugates in tobacco
leaves. J Plant Physiol. 2004;161(7):879-81.

Chapman HD, Pratt PF. Methods of analysis for soils, plants and water. 1st ed.
Berkeley, CA: University of California; 1961.

Communar G, Keren R. Boron adsorption by soils as affected by dissolved
organic matter from treated sewage effluent. Soil Sci Soc Am J.
2008;72(2):492-9.

Davies B. Carotenoids. In: Goodwin TW, Editor. Chemistry and biochemistry
of plant pigments. London: Academic Press; 1976. p. 38-165.

de Oliveira RH, Dias Milanez CR, Moraes-Dallaqua MA, et al. Boron deficiency
inhibits petiole and peduncle cell development and reduces growth of
cotton. J Plant Nutr. 2006;29(11):2035-48.

Dordas C. Foliar boron application affects lint and seed yield and improves
seed quality of cotton grown on calcareous soils. Nutr Cycl Agroecosys.
2006;76(1):19-28.

Page 11 of 12

Economic Survey of Pakistan. Agriculture. Islamabad: Ministry of Finance,
Government of Pakistan; 2022. p. 17-40.

FAO. The state of food security and nutrition in the world 2021: transform-
ing food systems for food security, improved nutrition and affordable
healthy diets for all. Rome: FAO; 2021. https://doi.org/10.4060/cb447
4en.

Fontes RLF, Medeiros JF, Neves JCL, et al. Growth of Brazilian cotton cultivars
in response to soil applied boron. J Plant Nutr. 2008;31:902-18.

Hajiboland R, Farhanghi F. Remobilization of boron, photosynthesis, phe-
nolic metabolism and anti-oxidant defense capacity in boron-deficient
turnip (Brassica rapa L.) plants. Soil Sci Plant Nutr. 2010;56(3):427-37.

Ho SB, Chou FR, Houng KH. Studies on the colorimetric determination of
boron by azomethine-H method. Chemistry Chin Chem Soc Taiwan,
China. 1986;44(3):80-9.

Hu H, Brown PH, Labavitch JM. Species variability in boron requirement is
correlated with cell wall pectin. J Exp Bot. 1996;47(2):227-32.

Karaman MR, Turan M, Yildinm E, et al. Determination of effects calcium and
boron humate on tomato (Lycopersicon esculentum L.) yield param-
eters, chlorophyll and stomatal conductivity. SAU Fen Edebiyat Dergisi.
2012;1:177-85.

Khan HR, Ashraf M, Shahzad SM, et al. Adequate regulation of plant nutri-
ents for improving cotton adaptability to salinity stress. J Appl Agric
Biotechnol. 2016;1:47-56.

Kumar S, Kumar D, Sekhon KS, et al. Influence of levels and methods
of boron application on the yield and uptake of boron by cot-
ton in a calcareous soil of Punjab. Commun Soil Sci Plant Anal.
2018;49(4):499-514.

LiS,Peng S, LiuY, et al. Observations on morphological abnormalities of the
vessel elements of veins and fruit of citrus under boron deficiency. Plant
Sci J. 2012;30(6):624-30.

LiY, Hou L, Song B, et al. Effects of increased nitrogen and phosphorus deposi-
tion on offspring performance of two dominant species in a temperate
steppe ecosystem. Sci Rep. 2017;7(1):1-11.

Liu G, Dong X, Liu L, et al. Boron deficiency is correlated with changes in cell
wall structure that lead to growth defects in the leaves of navel orange
plants. Sci Hortic. 2014;176:54-62.

Liu DH, Jiang WS, Zhang LX, Li LF. Effects of boron ions on root growth and
cell division of broad bean (Vicia faba L.). Isr J Plant Sci. 2000;48(1):47-51.
https://doi.org/10.1560/C74E-VYKD-FKYK-TQWK.

LouY,Yang Y, Xu J. Effect of boron fertilization on B uptake and utilization by
oilseed rape (Brassica napus L.) under different soil moisture regimes. J
Appl Ecol. 2001;12(3):478-80.

Malekani K, Cresser MS. Comparison of three methods for determining
boron in soils, plants, and water samples. Commun Soil Sci Plant Anal.
1998;29(3-4):285-304.

Martin-Rejano EM, Camacho-Cristébal JJ, Herrera-Rodriguez MB, et al. Auxin
and ethylene are involved in the responses of root system archi-
tecture to low boron supply in Arabidopsis seedlings. Physiol Plant.
2011;142(2):170-8.

Mengel K, Kirkby EA, Kosegarten H, et al. Boron: principles of plant nutrition.
Dordrecht: Springer; 2012. p. 621-33.

More VR, Khargkharate VK, Yelvikar NV, et al. Effect of boron and zinc on
growth and yield of Bt. cotton under rainfed condition. Int J Pure App
Biosci. 2018;6(4):566-70.

Nadim MA, Awan U, Baloch MS, et al. Response of wheat (Triticum aestivum L)
to different micronutrients and their application methods. J Anim Plant
Sci. 2012;22(1):113-9.

Oosterhuis D. Physiology and nutrition of high yielding cotton in the USA.
Informagdes Agrondmicas. 2001;95:18-24.

Qamar R, Hussain A, Sardar H, et al. Soil applied boron (B) improves growth,
yield and fiber quality traits of cotton grown on calcareous saline soil.
PLoS ONE. 2020;15(8): e0231805.

Rana AW, Ejaz A, Shikoh SH. Cotton crop: a situational analysis of Pakistan PACE
policy working paper April 2020. Washington: International Food Policy
Research Institute; 2020.

Rashid A, Rafique E. Boron deficiency in cotton grown in calcareous soils of
Pakistan, II: correction and criteria for foliar diagnosis. In: Goldbach HE,
Brown PH, Rerkasem B, et al. editors. Boron in plant and animal nutrition.
Boston, MA: Springer; 2002. p. 357-62. https://doi.org/10.1007/978-1-
4615-0607-2_36.


https://doi.org/10.1371/journal.pone.0231805
https://doi.org/10.1371/journal.pone.0231805
https://doi.org/10.4060/cb4474en
https://doi.org/10.4060/cb4474en
https://doi.org/10.1560/C74E-VYKD-FKYK-TQWK
https://doi.org/10.1007/978-1-4615-0607-2_36
https://doi.org/10.1007/978-1-4615-0607-2_36

MEHRAN et al. Journal of Cotton Research (2023) 6:1

Rashidi M, Seilsepour M. Effect of different application rates of boron on
yield and quality of cotton (Gossypium hirsutum). Middle East J Sci Res.
2011;7(5):758-62.

Roberts RK, Gersman JM, Howard DD. Soil-and foliar-applied boron in cotton
production: an economic analysis. J Cotton Sci. 2000;4(3):171-7.

Rodrigues DR, Cordeiro CFDS, Echer F. Low soil fertility impairs cotton yield
in the early years of no-tillage over degraded pasture. J Plant Nutr. 2022.
https://doi.org/10.1080/01904167.2022.2067048.

Rosolem CA, Costa A. Cotton growth and boron distribution in the
plant as affected by a temporary deficiency of boron. J Plant Nutr.
2000;23(6):815-25.

Rosolem CA, Esteves JA, Ferelli L. Response of cotton cultivars to boron in
nutrient solution. Sci Agric. 1999;56:705-11.

Sagheer A, Nazim H, Niaz A, et al. Influence of boron nutrition on physiological
parameters and productivity of cotton (Gossypium hirsutum L.) crop. Pak J
Bot. 2019;51(2):401-8.

Sankaranarayanan K, Praharaj CS, Nalayini P, et al. Effect of magnesium, zinc,
iron and boron application on yield and quality of cotton (Gossypium
hirsutum). Indian J Agric Sci. 2010;80(8):699.

Seilsepour M, Rashidi M, Yarmohammadi-Samani P. Influence of different appli-
cation rates of boron on biological growth and fiber quality of cotton.
Am-Eurasian J Agric Environ Sci. 2013;13(4):548-52.

Shaaban KA, Helmy AM. Response of wheat to mineral and bio N-fertilization
under saline conditions. Zag J Agric Res. 2006;33:1189-205.

Shaaban MM, El-Fouly MM, Abdel-Maguid AA. Zinc-boron relationship in
wheat plants grown under low or high levels of calcium carbonate in the
soil. Pak J Biol Sci. 2004;7(4):633-9.

Shah JA, Shah Z, Rajpar |, et al. Response of cotton genotypes to boron under
B-deficient and B-adequate conditions. Pak J Bot. 2015;47(5):1657-63.

Silva AP, Rosa EAS, Haneklaus S. Influence of foliar boron application on fruit
set and yield of Hazelnut. J Plant Nutr. 2003;26(3):561-9.

De Souza JP, De Prado RM, Campos CN, et al. Addition of silicon to boron foliar
spray in cotton plants modulates the antioxidative system attenuating
boron deficiency and toxicity. BMC Plant Biol. 2022;22(1):1-13.

Steel RGD, Torrie JH, Dickey D. Principles and procedures of statistics: a bio-
metrical approach. 3rd ed. New York: McGraw Hill Book Co. Inc,; 1997.

Wang Q, Lu L, Wu X, et al. Boron influences pollen germination and pollen
tube growth in Picea meyeri. Tree Physiol. 2003;23(5):345-51.

Wei R, Huang M, Huang D, et al. Growth, gas exchange, and boron distribution
characteristics in two grape species plants under boron deficiency condi-
tion. Horticulturae. 2022;8(5):374.

White PJ, Brown P. Plant nutrition for sustainable development and global
health. Ann Bot. 2010;105(7):1073-80.

Wu X, Riaz M, Yan L, et al. Boron deficiency in trifoliate orange induces changes
in pectin composition and architecture of components in root cell walls.
Front Plant Sci. 2017;8:1882.

Yaseen M, Ahmed W, Shahbaz M. Role of foliar feeding of micronutrients in
yield maximization of cotton in Punjab. Turk J Agric for. 2013;37(4):420-6.

Yeates SJ, Constable GA, McCumstie T. Irrigated cotton in the tropical dry sea-
son. Ill: Impact of temperature, cultivar and sowing date on fibre quality.
Field Crops Res. 2010;116(3):300-7.

Zhao D, Oosterhuis DM. Cotton carbon exchange, nonstructural carbohy-
drates, and boron distribution in tissues during development of boron
deficiency. Field Crops Res. 2002;78(1):75-87.

Zhao D, Oosterhuis DM. Cotton growth and physiological responses to boron
deficiency. J Plant Nutr. 2003;26(4):855-67.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1080/01904167.2022.2067048

	Growth, yield and fiber quality characteristics of Bt and non-Bt cotton cultivars in response to boron nutrition
	Abstract 
	Background 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Experimental site description
	Experimental details
	Physiological characteristics
	Gas exchange characteristics
	Leaf boron content
	Plant growth and yield characteristics
	Fiber quality characteristics
	Statistical analysis

	Results
	Plant growth characteristics
	Physiological characteristics
	Gas exchange characteristics
	Leaf boron content
	Yield characteristics
	Fiber quality characteristics

	Discussion
	Conclusions
	Acknowledgements
	References


