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Abstract

The inorganic fertilizers produce significant effects on quantity as well as quality on the produce of most of the crop
plants: The productivity of cotton crop varies greatly due to addition of macro-and micro-nutrients. Among micro-nutrients,
boron fertilizer holds significant importance in not only sustaining but also enhancing the yield of cotton. At the advent of
excessive use of high analysis fertilizers, a wide spread deficiency of boron in soils of Pakistan is of common scene.
However, research studies are limited on the quantity and the impact of boron fertilizer on production of biological yield and
its chemical composition of cotton plant under irrigated conditions. The present study was therefore conducted to determine
the influence of boron fertilizer on dry matter production and its interactive effects on other nutrients in plant system. The
experiment was conducted on calcareous soils under irrigated conditions for two seasons 2004-2005 at Bahauddin Zakariya
University, Multan. The treatments consisted of six levels of boron fertilizer i.e., 0.0, 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha'! and
were arranged in randomized complete block design with 4 replication. Cotton crop cv. CIM-473 was planted during the
month of May and harvested in November each year. The standard production practices were followed. The results showed
that application of boron fertilizer produced significant effect on enhancing biological yield of cotton. Maximum dry matter
yield was achieved by addition of 3.0 kg B ha™'. Crop planted during season 2005 produced higher quantity of biological
yield compared to year 2004. The addition of various levels of boron caused substantial increase in the uptake of nitrogen,
phosphorus, potassium, copper, iron, zinc and boron nutrients, while lowering down of calcium magnesium and manganese
in different parts of the cotton plant. The enhanced assimilation of macro-nutrients resulted in greater production of
biological yield and better growth and development of cotton plant.

Introduction

Cotton is a strategic crop to sustain economy of
Pakistan. The country stands 4™ largest producer, 3™ largest
exporter, 4" largest consumer of cotton in the world.
Despite this fact, the productivity of cotton is far low
compared to other cotton producing countries (Anon.,
2007). The productivity of crop may be elevated by 50% by
application of chemical fertilizers (Loneragan, 1997).
Marschner (1995) reported that maintenance of optimal
quantities of mineral constituents in the media and their
uptake resulted in increased quantity and quality of the crop
plants. However, assimilation of nutrients by different parts
of plant is greatly influenced by various environmental
factors. Drossopulos et al., (1994) reported that amount of
mineral elements absorbed by a plant was a function of
growth stages, genotypes, agronomic practices and
environmental factors.

Deficiency of more than one nutrient is frequent in
alkaline soils of Pakistan (Anon., 1998; Imtiaz et al., 2010).
Fageria et al., (2002) reported that with the introduction of
high yielding varieties, high cropping intensity and low or
less use of organic manures caused widespread deficiencies
of micronutrients. Boron deficiency is well established
nutritional disorder of more than 100 crops in calcareous
soils of more than 80 countries including Pakistan
(Sillanpaa, 1982; Goldberg, 1997; Shorrocks, 1997; Rashid
&Ryan, 2004; Rashid, 2006; Imtiaz et al., 2010). Boron is
an essential micro-nutrient for crop growth (Marschner
1995) as it is involved in various plant physiological and
biochemical processes (Shelp, 1993; Blevins &
Lukaszewski, 1998).

Supply of B in the substrate may affect the behavior of
other nutrients in plants, but the specific function of B on

the behavior of macro-and micro-nutrients is unclear
(Bowen, 1981; Gomez-Rodriguez et al., 1981; Lopez-
Lefebre et al., 2002). Most probably, because of its
complex chemistry in soil. Therefore, a little information is
known about its physiological and biochemical functions in
plants. Its deficiency or excess may affect the solubility and
availability of macro-and micro-nutrients in soil (Santra et
al., 1989; Tariq & Mott, 2007; Ahmed et al., 2008).
Therefore, the present study was conducted to evaluate the
effects of soil applied B on dry-matter production and
mineral constitution with relevance to boron concentration
in different parts of cotton plant at maturity.

Materials and Methods

A permanent layout field experiment was conducted
during crop seasons 2004 and 2005 at experimental farm
of University College of Agriculture, Bahauddin Zakariya
University, Multan, Pakistan (longitude: 71°, 30.79’ E;
latitude: 31°, 16.4’; altitude: 128 m). The soil belongs to
Sultanpur series (coarse silty, hyperthermic, Typic
Haplocambid). The soil developed in an arid climate of
sub-recent flood plains of the Indus delta. It is porous;
friable, moderately calcareous, weakly structured (Anon.,
1998). Composite soil samples (0-30 cm) collected prior
to applying experimental treatments to cotton crop of
2004, were analyzed following procedures (Ryan et al.,
2001). The soil was silt loam, non-saline (ECe, 1.8 dS m”
]), alkaline (pHs, 8.1), moderately calcareous (CaCOs,
5.6%) and low in organic matter (0.78%). The soil
contained NaHCO;-extractable P (9 mg kg™'); NH,OAc-
extractable K (102 mg kg™'); DTPA-extractable Zn (0.54
mg kg!), and HCI-extractable-B (0.43 mg kg™') nutrients.
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The treatments consisted of 6 levels of boron
fertilizer i.e., 0.0, 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha! (as
borax, 10.8% B). Treatments were arranged in a
randomized complete block design with four replications.
The seed of cotton variety CIM-473 was manually dibbled
at a distance of 75 cm from row to row and 30 cm from
plant to plant. The differential doses of boron fertilizer
along with basal fertilizers of 50 kg N ha™' (urea), 60 kg P
ha (triple superphosphate), 50 kg K ha™ (sulphate of
potash) and 5.0 kg. Zn ha™' (zinc sulphate) were broadcast
and incorporated in the soil. The remaining quantity of
nitrogen was applied in two equal splits i.e., at flower
initiation (60 days after planting) and peak flowering (75
days after planting) stages. The integrated weed and insect
management was adopted to keep crop free from weeds
and insect pests. The standard production practices were
curried out to raise the crop.

At maturity, the plants were harvested from one square
meter area from each treatment. The plants were partitioned
into leaves, stems and bolls. The plant material was dried in
an oven at 70+1°C for 48 h. The dried bolls were divided into
burs, seed and lint. The biological yield was weighed to
estimate the biomass production. The plant samples were
ground and analyzed for nitrogen, phosphorus, calcium,
magnesium, copper, iron, manganese and zinc according to
methods (Ryan et al., 2001). For B determination, dried plant
tissue samples were dry ashed for 6 hours at 600° C in a
muffle furnace. The ash was dissolved in 0.36N H,SO,
(Gaines & Mitchell, 1979). The colour was developed by
azomethane-H. Reading of the B was recorded on a
spectrophotometer (PD303S) at 420 nm wave length
(Bingham, 1982.)

The experimental data were analyzed statistically
using “MSTAT C” (Anon., 1986). Least significant
differences were used to differentiate significant treatment
effects. The principal component analysis (PCA) was
performed using Statistica software package (Statistica 8,
Stat soft Inc. Tulsa OK, USA.).

Results

Dry matter production: Various treatments of boron
fertilizer significantly (p<0.05) affected dry matter yield
(DMY) for both experimental years (Fig. 1). At given
levels of B, the DMY was more during 2005 compared
with 2004. Dry matter yield increased significantly with B
upto 2.0 kg ha” and insignificant improvement occurred
afterwards for both experimental years. Averaged across
B treatments, there were 3.9, 11.5, 13.9, 15.2 and 16.3%
increase for 2004 and 1.0, 8.4, 10.6 and 10.3% increase
for 2005 in DMY with B from 1.0 to 3.0 kg ha™' compared
with control treatments. Averaged across cropping
seasons, biological yield increased linearly with
increasing of doses of boron fertilizer upto addition of 2.0
kg B ha''; however, response was flattened beyond this
dose of fertilizer.

lonic distribution:  The various boron treatments
significantly affected N concentration in leaves, stems,
burs, seed and lint (Fig. 2A) for both experimental years.
At given B levels, comparatively higher N concentration
was observed in leaves, burs and seed for 2005 than
2004 crop. Averaged across B treatments, N varied in
leaves form 1.89 to 1.94%, burs 0.55 to 0.58% and lint
0.10 to 0.12% for experimental years 2004 and 2005,
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respectively, whereas, it was almost similar in stems and
seed for both experimental years (Fig. 2A). Maximum
increase in N concentration was recorded in crop grown
during 2005 compared to 2004. Nitrogen concentration
was more in seed followed by leaves, stems, burs and
lint with B fertilizer. Averaged across cropping seasons,
nitrogen concentration increased with increasing levels
of boron fertilizer. The application of 3.0 kg B ha™
caused an increase of 12.7, 9.7, 12.5, 3.8 and 25.0% in
leaves, stems, burs, seed and lint, respectively over
untreated check.
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Fig. 1. Effect of soil applied boron on dry matter production.
Verticle bars denote standard error.

Maximum increase in P concentration was 28.6 and
35.7% for leaves; 38.5 and 28.6% for burs; 29.4 and
33.3% for seeds with 3.0 kg B ha™ compared with control
treatment during 2004 and 2005, respectively. Among
treatments, irrespective of cropping seasons, crop
receiving 3.0 kg B ha' maintained the highest
concentrations of P (i.e., 0.44, 0.19, 0.18, 0.07 and 0.06%
in seed, leave, burs, stems and lint, respectively). The
concentration of P in plant parts was in the order of
seeds>leaves>burs>stems>lint (Fig. 2B).

Averaged across B treatments, maximum increase in
K concentration was 23.1 and 26.8% for stems, 14.1 and
12.4% for burs, 10.0 and 9.24% for seeds, 33.3 and 26.7%
for lint with 3.0 kg B ha' compared with control
treatment during 2004 and 2005, respectively (Fig. 2C).
Crop receiving 3.0 kg B ha' maintained highest
concentration of K (i.e. 3.17, 2.16, 1.89, 1.23 and 0.90%
in burs, leaves, seed, stems and lint, respectively).

There was a decrease in Ca concentration in leaves,
stems, burs, seed and lint with addition of B levels for
both experimental years (Fig. 2D). Decrease in Ca
concentration was 11.8 and 9.9% for leaves; 16.6 and
16.0% for stems; 32.0 and 25.0% for burs; 44.0 and
37.0% for seed; 40.0 and 33.3% for lint with 3.0 kg B ha’!
compared with control plot for experimental years 2004
and 2005, respectively. It is also evident that irrespective
of experimental years, crop treated with 3.0 kg B ha™ had
lowest concentration of Ca (i.e. 1.86, 0.45, 0.17, 0.14 and
0.03) for leaves, stems, burs, seed and lint, respectively.
Calcium accumulation was in the order of leaves>
stems>burs>seed>lint with B levels.
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Fig. 2. Effect of soil applied boron on macronutrient conc. (%) in different cotton plant parts (Average of two seasons).
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Fig. 3. Effect of soil applied boron on micronutrient conc. (mg kg") in different cotton plant (Average of two seasons).



IMPACT OF BORON ON DRY MATTER PRODUCTION OF IRRIGATED COTTON

Boron treatments significantly lowered down Mg
concentration in various plant parts upto application of 1.5
kg B ha™'; thereafter it remained constant from 1.5 to 3.0 kg
B ha” for experimental years 2004 and 2005(Fig. 2E).
Averaged across seasons, maximum decrease in Mg
concentration was 8.1, 16.3, 16.2, 23.0 and 33.3 in leaves,
stems, burs, seed and lint, respectively by addition of 3.0 kg
B ha”. Cotton crop grown during 2004 maintained 11.1,
5.7, 14.4, 8.8 and 14.3% higher content of B compared to
control plots during crops 2004 and 2005, respectively.
Averaged across crop seasons, concentration of B in leaves,
stems, burs, seed and lint varied from 32.9 to 34.4, 32.8 to
342, 33.9 to 35.0, 37.5 to 38.2 and 25.8 to 26.8 mg kg,
respectively in different treatments (Fig. 3F).

Cotton crop for the year 2005 absorbed higher
concentration of Cu compared to year 2004. Averaged
across seasons, concentration of Cu increased linearly
with increase in levels of boron fertilizer. The crop treated
with 3.0 kg B ha absorbed higher quantity of 10.8, 21.2,
14.0, 28.0, 42.9% in leaves, stems, burs, seed and lint at
30 kg B ha' compared to untreated check,
respectively(Fig. 3G).

Crop for the year 2005 absorbed higher quantity of Fe
by 2.26, 6.44, 15.9, 3.43 and 1.7% compared to year 2004.
Averaged across seasons, Fe content increased
significantly with increasing levels of boron fertilizer.
Crop treated with 3.0 kg B ha" absorbed higher quantity
of Fe by 11.5, 10.1, 3.5, 7.8 and 23.3% compared to
untreated check, respectively (Fig. 3H).

Data for manganese content differed significantly due
to cropping seasons and various levels of boron fertilizer.
Crop grown during 2005 maintained higher quantity of
Mn by 8.4, 4.1, 3.2, 4.5, 2.9% in leaves, stems, burs, seed
and lint, respectively compared to year 2004. The addition
of boron fertilizer significantly lowered down Mn content
in various plant parts. The reduction in Mn content was
12.7, 8.3, 7.9, 7.9 and 5.3% in leaves, stems, burs, seeds
and lint over the control, respectively by addition of 3.0
kg B ha™! (Fig. 3I).

Data for zinc content differed significantly due to
cropping seasons and various rates of boron fertilizer.
Crop planted during 2005 absorbed higher quantity of Zn
in most of the cases compared to season 2004. The
addition of boron fertilizer caused increase in Zn content
linearly with increasing doses of boron fertilizer. The crop
treated with 3.0 kg B ha”' maintained higher quantity of
5.7,14.3, 19.6, 7.1 and 17.1% in leaves, stems, burs, seed
and lint over untreated check, respectively (Fig. 3J).

Principal component analysis (PCA): PCA of various
nutrient concentrations were performed to show the
correlation between concentrations of different nutrients.
The ordination of first two axes (axis 1 and axis 2) for the
nutrient concentrations in leaves, stem, burs, seeds and
lint of cotton crop explained 79.92, 71.36, 74.4, 78.12 and
68.67% correlation, respectively (Fig. 4). PCA ordination
also indicates that most of the eigenvectors are aligned
along the axis 1, hence maximum of the correlation values
are explained by axis 1 and a very low percentage of
correlation is explained by axis 2. It is also obvious from
PCA ordination (Fig. 4) that B is positively correlated
with N, P, K, Zn, and Cu and negatively correlated with
Ca, Mg, and Mn in leaves, stem, burs, seeds and lint.

Discussion

The results regarding increase in DMY are similar
with those of Malik et al., (1992); Rosolem & Costa
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(2000); Zhao & Oosterhuis (2003); Fontes et al., (2008)
who reported that B application increased DMY of cotton.
Similarly Lopez-Lefebre et al., (2002) reported also that
application of B along with NPK fertilizers increased dry
matter yield of tobacco (Nicotiana tabacum L.). Shelp
(1993) and Ruiz et al., (1998) reported that increase in
DMY could be due to activation of some of the
fundamental processes with B nutrient such as cell
elongation and division as well as nucleic acid
metabolism. Qiong et al., (2002) reported that B fertilizer
significantly enhanced photosynthetic activity of leaves,
which consequently resulted in more accumulation of dry
matter in peanut (Arachis hypogia L.).

Boron interactions either synergism or antagonism
could affect plant nutrition of both deficient and toxic
conditions. Therefore, differences and contradictions in
plant nutrient absorption regarding B fertilizer have been
reported. These could be due to different growth media,
crop species and varieties, plant parts analyzed, plant age,
and environmental conditions (Tariq & Mott, 2007).

Data of current study show that N concentration
increased with increasing levels of B fertilizer. These
results are similar with those of Singh & Singh (1983,
1984), who reported positive correlation between B and N
in leaves. Similarly, Lopez-Lefebre et al., (2002) also
reported positive correlation between B and N in leave.
Similarly, Lopez-Lefebre et al., (2002) reported the
effects of B on N metabolism due to (a) a positive
influence on enzymatic protein synthesis, (b) indirectly by
promoting the entrance of substrate through plasma
membrane to the interior of the cells.

Assimilation of P was appreciably enhanced with B
supply. There was a positive and significant correlation
between B and P in leaves, burs, seed and lint (whereas,
non-significant correlation with P in stems), which
indicated that B fertilizer improved P use efficiency in
cotton plant. Various researchers (Pollard et al., 1977;
Lopez-Lefebre et al., 2002; Chatterjeec et al., 1990)
observed also similar results that supply of B fertilizer
significantly increased P content in different plant parts.
Lopez-Lefebre et al.,, (2002) reported 23 and 15%
increase in P concentration in roots and leaves of tobacco
(Nicotiana tabacum L.) with 20 uM boric acid in solution
culture compared with control. A positive correlation
between B and K contents of 98 grasses at flowering stage
was also observed by Tolgyesi and Kozma (1974).

Application of B gradually increased K concentration
in chickpea and wheat on sandy soil (Yadava &
Manchanda, 1979). These results are in accord to that of
various researches (Yadav & Manchanda, 1979; Francois
1984; Pal et al., 1989) for gram and wheat, tomato and
berseem, respectively. Our results show the antagnostic
relationship between B and Ca in different plant parts.
Relationships between B and Ca contents were found
negatively in 98 grasses at the flowering stage (Tolgyesi &
Kozma, 1974). The decrease in Ca concentration with
increasing B in lentil (Lenus culinaris Medic.) and barley
was also reported by Singh & Singh (1983, 1984). Miller &
Smith (1977) also observed similar results that Ca
concentration decreased in upper and lower leaves and
stems of alfalfa (Medicago sativa L.) with B levels.
Mubhiling et al., (1998) and Sotiropoulos et al., (2002) also
suggested antagonistic relationship between B and Ca for
bean (Vicia faba) and kiwi fruit (Actinidia deliciosa),
respectively. Cramer et al. (1991) reported that there could
be a competition between cations uptake in barley plant.
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There was decrease in Mg concentration with B rates in
different plant parts. The results agree with those of Cramer
et al., (1991) and Lopez-Lefebre et al., (2002) who reported
a negative correlation between B and Mg in leaves, stems,
burs, and seed. This might be due to competition between
cations such as K and Mg at root level.

There was a positive effect of B rates on B, Cu, Fe,
and Zn in different plant parts; whereas Mn concentration
decreased. These results are similar with those of El-
Gharably & Bussler (1985), who reported that B
concentration was higher by 322, 383 and 447% in roots,
young and old leaves, respectively with 50 ppm B in
solution culture. Zhao & Oosterhuis (2002) reported
significant differences in B concentrations in leaf blades,
petioles and fruits of cotton plant with 2.2 kg B ha™
compared to untreated check. They further reported that
among the four plant tissues (leaf blades, stems, petioles,
and fruits), leaf blades had the highest and stems had the
lowest B concentration with 2.2 kg B ha. Miller & Smith
(1977) reported that B concentration for alfalfa was 78
and 122 mg kg™ in lower leaves and 62 and 86 mg kg™ in
upper leaves; whereas 17 and 21 mg kg™ in lower stems
and 23 and 28 mg kg in upper stems with control and
12.5 kg B ha’ treatments, respectively. Further, they
concluded that leaves contained more B than stems, while
lower leaves maintained more B than that of upper ones.
Similarly, El-Gharably & Bussler (1985) reported that
there were 24, 40 and 221% increase in Cu concentration
for roots, young leaves and older leaves with 50 ppm B in
a solution culture compared with control treatment,
respectively. Under B deficient conditions, concentration
of Cu decreased in tomato leaf (Carpena-Artes &
Carpena-Ruiz, 1987). Alvarez-Tinaut (1990) found
positive correlation between B and Fe and Cu contents of
sunflower. They suggested that B could indirectly affect
catalase activity via Fe and Cu. However, Ohki (1975)
reported that concentration of Cu remained unaffected in
blades of cotton at lower and higher levels of B.
Application of B at higher rates depressed the
concentrations of Mn in most of crops (Leece, 1978).
Santra et al., (1989) reported antagonistic relationship
between B and Mn in rice. Data reported herein indicate
an increase in Fe and Zn concentration accrued in leaves,
stems, burs, seed and lint with increasing B rates. Patel &
Golakiya (1986) reported that uptake of Fe was increased
with B application in groundnut. Under B deficient
conditions, Fe decresed in tomato leaves; whereas
increased the Fe concentration (Carpena-Artes & carpena-
Ruiz, 1987). Zinc concentration in wheat shoots enhanced
with foliar application of B (Shaaban et al., 2004). Zinc
deficiency increased B accumulation (Graham et al.,
1987), whereas its application diminished B accumulation
and toxicity on plants grown in soils containing higher
concentration of B (Moraghan & Mascagni, 1991;
Swietlik, 1995).

Conclusions

Crop planted during crop season 2005 produced
higher quantity of biological yield compared to crop
season 2004. The availability of sufficient quantity of
boron nutrient in the medium resulted in greater uptake of
macro-nutrients by cotton crop. The application of boron
fertilizer caused increase in the accumulation of nitrogen,
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phosphorus, potassium, copper, iron, zinc and boron,
while reduction in calcium, magnesium and manganese
concentration in different parts of the cotton plant.
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