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Effect of exogenous application of Boron and Zinc
with or without added urea on the yield and

nutrient assimilation of cotton

By

Shabab-ud-Din-1, Fiaz Ahmad-2, Asia Perveen-3 and Mehwish Manan-4

Abstract

A two year’s field trial was conducted to investigate the impact of foliar by applied
boron (B) and zinc (Zn) with or without added urea on plant nutrient content and
seed cotton yield. The experimental site was situated at Central cotton Research
Institute, Multan during the years 2008 and 2009. Treatments, laid out in RCBD
with four replications, consisted of untreated check and foliar sprays of B0.1%, Zn0.2%,
B0.1%+Zn0.2%, B0.1%+urea2%, Zn0.2%+urea2% & B0.1%+Zn0.2%+urea2% . In foliar application
the whole quantity was split into three equal doses and applied at day 30, 45 and
60 after planting. The basal dose of fertilizers was 150kg N, 50kg P2O5 and 50kg
K2O ha-1 in the form of urea, TSP and SOP, respectively. The whole quantity of P,
K and 1/3rd N fertilizers was applied at planting whereas the remaining N was
applied at first flower and peak flowering phases. cotton cv. CIM-534 was used as
test crop. Results revealed that plant nutrient (N, B, Zn) content, fruit production
per unit area, dry biomass production, boll number plant-1, boll weight and seed
cotton yield increased while fruit shedding decreased with all the treatments over
control. The values of N, B, and Zn in leaves ranged from 40.2-55.3, 50.0-58.6 µg
g-1 at 24 and 40.5-58.4, 50.2-65.5 µg g-1 at 72 hours, respectively. However, the
maximum effects were observed where B, Zn and urea were applied in combined
form. Application of B0.1%+Zn0.2%+urea2% increased fruiting positions by 18.4%,
intact fruit by 81.4%, boll number plant-1 by 27.8%, boll weight by 6.9% and seed
cotton yield by 27.8%  over control plots. Thus addition of urea @ 2% in nutrient
spray solution may be added to improve nutrient assimilation and seed cotton yield.

Introduction
cotton production in Pakistan based on per unit land area is quite low particularly

due to biotic and abiotic stresses faced by the crop during the growing season. One of the
prime factors is poor soil health that limits nutrient

availability to the plant. In the soils of Pakistan, alkalinity and calcareousness dominate
causing multiple nutrient deficiencies and disorders (Anonymous, 1998).
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Deficiencies of boron (B) have been reported in cotton grown areas of Punjab and Sindh
(Rashid et al., 2002) and other parts of the globe (Gupta, 1979; Shorrocks, 1997). Moreover,
alkaline-calcareous soils in arid and semi-arid regions of the world, with low organic matter
content, are conducive to Zinc (Zn) deficiency in plants (Lindsay, 1972; Rashid and Ahmad
1994; Rashid and Ryan, 2004). Furthermore, fertilizer use either without or with poor
micronutrient contents aggravates the deficiency of micronutrients (Eguchi and Yamada,
1997; Rashid and Rafiq, 1997).

cotton crop is sensitive to deficiency of B and Zn nutrients and suffers yield losses
due to increased shedding of squares and bolls.  A positive response of cotton crop has been
noticed due to B and Zn application within the country (Chaudhry and Hisbani, 1970; Malik
et al., 1990; Rashid and Rafiq, 1997) and specifically to B fertilization on sandy and silt
loam soils in USA and Africa (Howard et al., 1998; Abaye, 2000; Roberts et al., 2000;
Zhao and Oostershuis, 2000). Biological yield, yield contributing parameters and nutrient
content in corn have also been reported to be positively affected by the addition of Zn and
B (Ziaeyan and Rajaie, 2009).

Exogenous application of fertilizers is adopted to supplement nutrient needs of
plants during the season. Foliar fertilization along with soil application of nutrients has been
recommended since long to improve plant productivity and yield quality (Doring and
Gericke, 1986; Tukey and Marczyñski, 1984). In cotton foliar spray up to two or three times
has been found necessary to improve the B nutrition of the crop (Xie et al., 1992). However
foliar fertilization is only effective when soil nutrient availability is low, topsoil dry, and
root activity during the reproductive stage is decreased (Wójcik, 2004). The efficacy of
foliar applied nutrients may also depend on the rate of absorption of applied nutrient into
the leaf and subsequent translocation to the fruiting bodies. Foliar applied urea, due to its
smaller size (radii 0.44 nm) than the ectodesmata pores (radii 1.0 nm) on leaf surface
(Schõnherr, 1976), is absorbed quickly up to 30% within one hour and translocated into the
closest boll within 6 to 48 hours after application (Oosterhuis, 1999). Moreover, due to
negative charge on cuticular membrane, cations like NH4+ in the spray solution are preferably
absorbed by the leaf surface (Mengel, 2002; Tyree et al., 1990). Œwietlik and Faust (1984)
reported that the rate of nutrient absorption also varies with plant nutrient requirement.
Since cotton plant has high demand for nitrogen, the addition of urea (NH4+) in the spray
solution, along with B and Zn may facilitate the absorption of micronutrients by the leaves.
Therefore, an experiment was laid out to investigate the efficiency of foliar applied B and
Zn fertilizers with or without added urea fertilizer, on the nutrient assimilation and productivity
of field grown cotton.

Materials and Methods
A two year’s field study was carried out on cotton cultivar Cv. CIM-534 (Goyypsium

hirsutum L.) during the crop seasons 2008-2009 at the experimental farm of Central Cotton
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Research Institute, Multan. Treatments, laid out in RCBD with four replications, consisted
of untreated check, and foliar sprays of B0.1%, Zn0.2%, B0.1%+Zn0.2%, B0.1%+urea2%, Zn0.2%+urea2%

and B0.1%+Zn0.2%+urea2%. The whole quantity of nutrient fertilizers for foliar spray was split
into three equal doses and applied at day 30, 45 and 60 after planting. The basal dose of
fertilizers was 150kg N, 50kg P2O5 and 50kg K2O ha-1 was applied in the form of urea, TSP
and SOP respectively. The whole quantity of P, K and 1/3rd N fertilizers was applied at
planting. The remaining quantity of nitrogen was applied at first flower and peak flowering
phases. Standard crop production practices were followed during the growth season.
Composite soil samples from plough layer (0-15cm) were collected before imposition of
treatments. Physical and chemical characteristics of the samples were determined using
standard methods (Ryan et al. 2001). Analytical results indicated the soil is silt loam in
texture, alkaline in reaction and free from excess salts, low in organic matter and nitrogen,
moderate in phosphorus and potassium, deficient in AB-DTPA extractable-Zn and hot water
extractable-B (Table 1).

Table-1  Physical and chemical characteristics of the experimental site at  pre - planting

Characteristics Units Value

pH (1:5, H2O)

ECe

Organic matter content

NO3-N

NaHCO3-P

NH4OAc-K

AB-DTPA-Zn

Hot water extractable-B

Textural class

dS m-1

%

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

8.24

1.98

0.54

2.82

8.50

110

0.45

0.35

Silt loam

Results and Discussion
Fully mature young leaves were collected at 24 and 72 hours after each foliar spray

and analyzed for N, B and Zn contents. The concentrations of N, B and Zn in leaf tissues
varied significantly (p<0.01) among different treatments both at 24 and 72 hours after foliar
application. However, at 72 hours, the concentrations of B and Zn increased by 4% and 8%,
respectively over 24 hours. The leaf tissue contents of N, B and Zn also increased with the
application of these nutrients. Although, the combined application of B0.1%+Zn0.2% promoted
their absorption but more pronounced effect was observed when urea was added
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to B0.1%, Zn0.2%, and B0.1%+Zn0.2% treatments. However, the maximum absorption of N, B
and Zn was observed in the treatment B0.1%+Zn0.2%+Urea2% at both sampling times
(Table-2). At 72 hours after spray, the concentrations of B in leaf tissues were 24% (B0.1%),
37% (B0.1%+Urea2%), 32% (B0.1%+Zn0.2%) and 44% (B0.1%+Zn0.2%+Urea2%) higher over control.
Likewise, the leaf Zn content increased by 21% (Zn0.2%), 29% (Zn0.2%+Urea2%), 27%
(B0.1%+Zn0.2%) and 31% (B0.1%+Zn0.2%+Urea2%) over control. A comparison among the
treatments showed that the addition of urea2% to B0.1% and Zn0.2% caused 13% and 8%
increase in the absorption of B and Zn, respectively. It is evident that the addition of urea
in spray solution facilitated the absorption of B more than that of Zn. The evidence of
increased leaf B content due to its foliar application and subsequent transportation to growing
parts has been reported (Wang et al., 2007). Foliar applied urea (15N) is rapidly absorbed
up to 30% within one hour by leaves (Oosterhuis, 1999) and translocated into the adjacent
boll within 6 to 48 hours after application (Zhu, 1989; Miley and Oosterhuis, 1989). Since
the absorption by leaves and translocation of N to fruiting parts takes place rapidly, therefore
N did not accumulate in leaf tissues from 24 to 72 hours of sampling. Increased absorption
of nutrients applied in combined form were reported by Pi et al. (1989) who observed that
the application of N K B Zn in cotton, N P B in oilseed rape, sesame and sunflower, and
N P K B Zn in citrus significantly promoted the uptake of nutrients and increased crop yield.

Total fruiting positions and intact fruit ranged from 392 to 464 m-2 and 102 to 185 m-2,
respectively and fruit shedding percentage from 60.1 to 74.0 in different treatments (Table
3). Total fruiting positions and intact fruits per unit land area increased significantly (p<0.01)
with the exogenous application of B and Zn fertilizers both with and without added urea.

Control 3.47 3.48 40.2 40.5 50.0 50.2

B0.1% 3.46 3.47 48.3 50.4 50.3 50.5

Zn0.2% 3.46 3.46 40.3 40.5 54.4 60.6

B0.1%+Zn0.2% 3.47 3.48 51.0 53.4 55.6 63.7

B0.1%+Urea2% 3.66 3.57 52.3 55.6 50.5 51.0

Zn0.2%+Urea2% 3.67 3.59 43.5 44.6 58.3 64.6

B0.1%+Zn0.2%+ Urea2% 3.70 3.61 55.3 58.4 58.6 65.5

LSDp<0.01 0.09** 0.08** 3.09** 3.22** 2.48** 2.77**

24 hrs 72 hrs 24 hr 72 hr 24 hr 72 hr
N B Zn

Table-2 Effect of exogenous application of B and Zn fertilizers with or without
added urea   on N, B and Zn concentrations in leaf tissues at 24 and 72
hours after foliar spray

Treatment

Nutrient concentration (µg g-1 dw)
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The plants collected at maturity were partitioned into leaf, stalk and fruit portions.
The material was oven dried for biological yield estimation. Data indicated that biomass
yield of leaf, stalk and fruit portions and also total biomass increased significantly (p<0.01)
with the foliar application of B and Zn fertilizers with or without added urea (Table-4).
Maximum biomass production was observed where combined dose of B, Zn and urea
fertilizers was applied. Leaf biomass increased by 41.2%, stalk biomass by 28.8%, fruit
biomass by 21.9% and total biomass by 26.6% in the treatment B0.1%+Zn0.2%+Urea2% (Table

The increase in number of fruiting positions ranged from 14.0 to 18.4% and in intact fruit
from 52.9 to 81.4 % in different treatments over control. The maximum increase in fruiting
positions and intact fruit per unit area was observed where combined dose of B, Zn and
urea was applied. Fruit shedding percentage also decreased significantly (p<0.01) with the
exogenous application of B and Zn nutrients either with or without urea over control. The
decrease in fruit shedding remained in the range of 8.9 to 13.9% with maximum decrease
being observed where B, Zn and urea were applied in combined form. It is known that B
deficiency considerably decreases plant height, fruiting sites, leaf area, leaf net photosynthetic
rate, and dry matter accumulation (Zhao and Oosterhuis, 2003). Therefore, fertilizing cotton
crop with B and Zn nutrients promoted physiological as well as reproductive development
resulting in increased fruit production per unit area. Similar results have been reported by
Dordas (2006) who also found increase in number of bolls m-2 with the foliar application
of B. Furthermore, the application of Zn promoted retention of squares and small bolls by
the biosynthesis of IAA (Follet et al., 1981; Oosterhuis et al., 1991) and increased
photosynthesis activity (Ohki, 1976; Welch, 1995) that enhanced flowering and boll retention
by the cotton plants (Wang et al., 1985; Kler et al., 1989).

Control 392 -- 102 -- 74.0 --

B0.1% 447 14.0 156 52.9 65.1 8.9

Zn0.2% 450 14.8 159 55.9 64.7 9.3

B0.1%+Zn0.2% 455 16.1 172 68.6 62.2 11.8

B0.1%+urea2% 459 17.1 175 71.6 61.9 12.1

Zn0.2%+urea2% 460 17.3 179 75.5 61.1 12.9

B0.1%+Zn0.2%+urea2% 464 18.4 185 81.4 60.1 13.9

LSDp<0.01      15.6 4.45ns 14.6 14.8 3.17 3.77

Number of
fruiting

positions

m-2

%
increase

over
control

Number of
intact

fruits m-2

Fruit
shedding

percentage

%
decrease

over
control

%
increase

over
control

Treatment

Table-3 Effect of exogenous application of B and Zn fertilizers with or without
added urea on fruit production per unit area at maturity
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Number of bolls plant-1, boll weight and seed cotton yield increased significantly (p<0.01)
with the application of B and Zn through foliar sprays either applied individually or in
combination with or without added urea (Table 5). The increase in number of bolls plant-1

ranged from 11.1 to 27.8%, in boll weight from 1.2 to 6.9% and in seed cotton yield from
10.9 to 27.8% in different treatments over control. The maximum number of bolls plant-1,
boll weight and seed cotton yield were however, observed where B, Zn and urea were
applied in combined form. The increase in yield in different treatments over control was
10.9% (B0.1%), 14.1% (Zn0.2%), 22.3% (B0.1% + Zn0.2%), 14.2% (B0.1% + Urea2%), 18.2% (Zn0.2%

+ Urea2%) and 27.8% (B0.1% + Zn0.2% + Urea2%). The increase in seed cotton yield resulted
due to increase in number of bolls pant-1 and boll weight. The soils in cotton grown areas
are usually deficient in B and Zn nutrients which result in enhanced fruit shedding.
Furthermore, the deficiency of these nutrients particularly B in cotton results in small,
deformed bolls, poor fruit retention and reduced lint yields (Roberts et al., 2000). Zinc is
reported to be involved in the synthesis of IAA (Oosterhuis et al., 1991), a hormone that
reduces fruit shedding. In the current studies, the application of both B and Zn lowered the
shedding of fruit (Table-3) that resulted in ultimate increase in seed cotton yield. Sawan
et al. (2008) also found that Zn application increased seed cotton yield by increasing number

4). Plant dry matter yield is the product of vegetative and reproductive development. The
combined application of B, Zn and urea was found to be the best combination as it produced
the maximum growth and development resulting in greater biomass yields over all other
treatments. Previous studies have also revealed that the application of Zn significantly
improved growth and dry matter yield of cotton and wheat plants (Sawan et al., 2001;
Khoshgoftarmanesh et al., 2004). Cakmak et al. (1989) also observed that growth of plants,
especially of shoot is badly impacted by Zn deficiency. Similarly, growth promotion by B
application in wheat due to increased nutrient uptake (Reinbott et al., 1997), through
membrane stability (Blaster-Grill et al., 1989) and enhanced ATPase activity (Lawrence et
al., 1995) is well documented.

Control 85 170 342 596
B0.1% 90 179 352 622
Zn0.2% 92 182 358 631
B0.1%+Zn0.2% 103 205 397 705

B0.1%+Urea2% 97 195 373 665
Zn0.2%+Urea2% 101 200 390 692
B0.1%+Zn0.2%+ Urea2% 120 219 417 756
LSDp<0.01      20.3 22.7 20.4 33.5

Treatment
Dry biomass (gm-2)

TotalLeaves Stalk Fruit

Table-4 Effect of exogenous application of B and Zn fertilizers with or without added
urea on dry mater production at maturity
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of opened bolls and boll weight. Similarly foliar applications of boron have been found to
increase seed cotton yield by 14% (Roberts et al., 2000). It is well known that B plays a
key role in water and nutrients transportation from root to shoot (Rehem et al., 1998). Hence
an adequate supply of B and Zn would result in increased boll weight due to accumulation
of the photosynthates in the developing boll (Oosterhuis et al., 1991; Khandgave et al.,
1996; Sawan et al., 2001). Previous studies showed an increase in yield in the range of 6
to 11% (Rashid and Rafiq, 1997; Makhdum et al., 2002) due to soil application of B and
Zn and up to 8% by foliar application of B (Howard et al., 1998). In the present studies
increase in yield levels was quite higher (up to 27.8%) which might be attributed to the
combined effect of B, Zn and urea application through foliar sprays. Hence addition of urea
to foliar sprays of B and Zn could be adopted to achieve better yields in cotton crop.

Control 18 2.60 1828

B0.1% 20 2.65 2028

Zn0.2% 21 2.63 2085

B0.1%+Zn0.2% 22 2.70 2236

B0.1%+Urea2% 21 2.72 2087

Zn0.2%+Urea2% 22 2.66 2160

B0.1%+Zn0.2%+Urea2% 23 2.78 2337

LSD 1.28** 0.26* 92.9**

Treatment
Number. of bolls

plant-1
Boll weight

(g)
Seed cotton yield

(kg ha-1)

* Significant at p<0.05

** Significant at <0.01

Conclusions and Recommendations
Present study revealed that foliar application of B and Zn nutrients to cotton crop were

beneficial. The addition of urea along with B and Zn improved nutrient absorption, promoted
plant growth and development and increased cotton productivity under nutrient limited soil
conditions. Therefore, it is recommended that urea @ 2% in spray solution of B and Zn
may be added to improve nutrient  assimilation and seed cotton yield.

Table-5 Effect of exogenous application of B and Zn fertilizers with or without
urea on seed cotton yield and its components
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