Pak. J. Bot., 43(1): 607-616, 2011.

NUTRIENT UPTAKE, GROWTH AND YIELD OF WHEAT
(TRITICUM AESTIVUM L.) AS AFFECTED BY
MANGANESE APPLICATION

GHULAM ABBASY, MUHAMMAD QASIM KHAN?, MUHAMMAD JAMIL KHAN?,
MUHAMMAD TAHIR3, MUHAMMAD ISHAQUE* AND FIDA HUSSAINS

tAdaptive Research Farm, Karor district Layyah, Punjab, Pakistan
2Faculty of Agriculture, Gomal University D.I. Khan, NWFP, Pakistan
3Institute of Soil & Environmental Sciences, University of Agriculture, Faisalabad
“Department of Forestry, University of Agriculture, Faisalabad
Department of Plant Breeding, University of Agriculture, Faisalabad (D.G. Khan Campus)
*Correspondence author E-mail: mlkabs_dd@yahoo.com

Abstract

The study was carried out for two consecutive years (2005-06 to 2006-07) to evaluate the
wheat response to five different levels (0, 4, 8, 12 and 16 kg ha!) of manganese (Mn) alongwith
150-100-60 kg NPK ha* application. The experiment was laid out in randomized complete block
design (RCBD) with three repeats under irrigated conditions at Agriculture Research Farm Karor,
District Layyah. NPK was applied in the form of urea, triple super phosphate and sulphate of
potash while Mn was applied in the form of manganese sulphate (30% Mn). Wheat variety BK-
2002 was tested for both the years. Average of two years results showed a positive and significant
response of wheat to Mn application. The highest grain yield of 4.59 t ha* was achieved with the
highest application of 16 kg Mn ha? along with NPK against 3.96 t ha? from NPK alone.
Maximum wheat straw yield of 6.11 t ha! was obtained with the 16 kg Mn ha* while lowest (5.67 t
hal) with the NPK alone. The uptake of N, K and Mn was significantly increased with the
application of Mn except P.

Introduction

Wheat (Triticum aestivum L.) is one of the leading cereals, which rank first, both in
acreage and in production among the grain crops of the world (Anon., 1971). It is used to
feed about one-third of the world population. It also occupies a supreme position in food
grains of Pakistan as it covers 66% of the total area under food grains and contributes
74% of the total food grain production. Wheat was cultivated on an area of 8414
thousand hectares, showing 1.9% decrease over last year’s area of 8578 thousand
hectares. Wheat was cultivated on an area of 9062 thousand hectares, showing an
increase of 5.9% over last year’s area of 8550 thousand hectares. The size of wheat crop
is provisionally estimated at 23.4 million tons, 11.7 % more than last year crop. (Anon.,
2008-09).

While green revolution technologies have caused rapid increases in the cereal
production of South Asia, however, rotation’s productivity growth has slowed, and factor
productivity, i.e., the cereal produced per kg of fertilizer, may be decreasing (Abrol, et
al., 1997). With rising cropping intensities in South Asia, nutrient management is a major
issue being addressed by agricultural scientists for understanding any decline in yields.

Over 40% of the world’s population is currently micronutrient deficient, resulting in
numerous health problems, inflated economic costs borne by society and learning
disabilities for children (Sanchez & Swaminathan, 2005). Micronutrient deficiencies in
the Indo-Gangetic Plains (IGP) started emerging with the adoption intensive agriculture


mailto:mlkabs_dd@yahoo.com

608 GHULAM ABBAS ET AL,

in the region. Decreased use of organic manure, imbalanced use of macronutrient
fertilizers, reduced recycling of crop residues, and bumper harvests in the past three
decades have induced secondary and micronutrient deficiencies in the IGP. The severity
of these deficiencies depended on the soil conditions and the crop grown. Increase in
fertility levels progressively increases the total removal of micronutrients due to
increased dry matter production (Nayyar et al., 2001).

Manganese along with iron, copper, zinc, molybdenum and boron could be called
“bioessential” element because of their essentiality to life. Micronutrients are as
important as macronutrients for adequate plant nutrition and a deficiency of single
nutrient can reduce yield. Among the trace elements needed for a normal growth of the
plants, manganese is important, playing a definitive role in the metabolism of plants,
animals and man. The trace elements found in plants are organically bound, complexed
and free ions (Cioroi & Florea, 2003). Mn plays essential roles in the metabolism of
isoprenoids, carotenoids, chlorophylls and phenolics. External application of Mn?*
increases photosynthesis, net assimilation and relative growth and yield (Lewis &
McFarlane, 1986; Lidon & Teixerira, 2000; Sultana et al., 2001).

Adequate plant nutrition with micronutrients depends on many factors; these factors
include the ability of soil to supply these nutrients, rate of absorption of nutrients to
functional sites and nutrients mobility within the plants. High soil pH reduces Mn
availability while low soil pH will increase availability, even to the point of toxicity.
Manganese deficiencies occur most often on soils with a high pH and/or naturally low
Mn content. In general the critical value of AB-DTPA extractable Mn in soil is 1.8 as
reported by Ryan et al., (2001) and Rashid (2005). However, Ziaeian & Malakouti (2006)
studied the effects of micronutrients on wheat production in calcareous soils and based on
the DTPA method and found the critical soil levels of 0.9 mg Mn kg™ for soil.

The soils of Punjab-Pakistan are generally alkaline and calcareous in nature, having
low organic matter, nutrient mining with intensive cultivation and imbalanced
fertilization which caused macro and micronutrient deficiencies (Rafique et al., 2006).
Similarly, In Indian Punjab, Mn deficiency is severe on coarse textured soils; with
alkaline and calcareous reaction where wheat is followed by rice due to reduction and
leaching losses of Mn in soil. A major difficulty in managing severe Mn deficiency is the
low efficiency of soil applied Mn at high soil pH (Nayyar et al., 1985). Similarly, Fageria
et al., (1995) found that increasing levels of lime tend to reduce uptake of Mn in all the
Crop species.

Manganese fertilizers are commonly used to correct Mn deficiencies, but it is of
significance that several macronutrient fertilizers, especially those of N and P can greatly
increase the availability of Mn.

Keeping in view the above discussion, the objectives of the study was to examine the
effect of Mn on the growth and yield of wheat crop and uptake of NPK and Mn.

Materials and Methods

A field experiment was conducted at Govt. Agriculture Adaptive Research Farm
Karor district, Layyah during the year 2005-2006 and 2006-2007. The experiments was
laid out in randomized complete block design (RCBD) having three replications and five
treatments, to study the influence of manganese on growth, nutrients uptake and yield of
wheat. Five rates of Mn viz., 0, 4, 8, 12 and 16 kg ha' were applied in the form of
manganese sulphate. A composite soil samples was taken before commencement of the
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study to visualize the physico-chemical characteristics of the soil (Table 1). Soil was
dried, ground, sieved (<2mm) and analyzed for the physico-chemical characteristics. Soil
particle size distribution was determined by Hydrometer method (Moodie et al., 1959)
and textural class according to USDA system. Phosphorus and Potassium was determined
by the method of Black (1965). Organic matter was determined by the method of
Walkely & Black (1934) and CaCOz by Puri’s (1966). AB-DTPA extractable Mn was
measured on Atomic Absorption spectrophotometer. The basal doses of NPK @ 150-
100-60 kg hal along with Mn levels were applied in the form of urea, TSP and SOP
respectively. All P, K and Mn were applied at sowing time while nitrogen fertilizer was
applied in three equal splits (1% at sowing time, 2" at first irrigation and 3 at third
irrigation), while canal water was used for irrigation. Wheat variety BK-2002 was tested
and sown with the help of hand drill. All the other cultural practices were followed
uniformly throughout the growing season. The crop was harvested at maturity with the
net plot of 1m2. The samples of grains and straw were taken and dried in oven at 65°C to
determine dry matter yield, N, P, K and Mn analysis. Sub samples of grain and straw
were ground, sieved and analyzed by wet digestion method (Walsh & Beaten, 1973). The
agronomic data were recorded for grain yield, straw yield, 1000-grain weights, number of
tillers, spike lets and spike length. Data were statistically analyzed by using MSTATC
software.

Results and Discussions

Wheat grain yield and yield components: Wheat grain yield was significantly increased
by the application of Mn with NPK over NPK alone during both years (Table 2). Highest
grain yield was recorded with the application of 16 kg Mn ha! (T5), however yield
increased due to T3 (8 kg Mn ha't), T4 (12 kg Mn ha) and T5 (16 kg Mn ha™?) were at par
with each. Mean grain yield of both the years revealed that T5 (16 kg Mn ha) increased the
yield from 3.97-to 4.59 t hal. All this reflects that wheat grain yield was increased
maximum up to 15.8% over NPK. Similarly, Hoyt & Myovella (2005) applied Manganese,
N and P fertilizers to wheat in field experiments on a soil so deficient in Mn that it caused
the wheat to die before heading. Their results showed that yields of wheat were increased
linearly by soil banded Mn to 44.8 kg/ha, giving a yield of 3.03 tonnes ha’. Likewise,
Krahmer & Sattelmacher (2001) reported that wheat had the strongest yield decrease under
Mn deficiency conditions and thus the lowest Mn efficiency amongst 16 crop species tested
in pot culture experiment on Mn deficient peat soil.

Data showed that straw yield of wheat was significantly increased by the T4 and T5
over NPK alone (T1) in both the years (Table 2). The straw yield ranged from 5.67 to
6.12 and 5.68 to 6.10 t ha* during both the years. Mean straw yield of both the year
ranged between 5.67 to 6.12 t ha'. The highest straw yield was recorded in T5 (16 kg Mn
ha') and lowest from NPK alone. Percent increase in straw yield due to 16 kg Mn ha!
was 7.8% over NPK alone (Table 2).

The 1000-grain weight was significantly increased with different levels of Mn over
NPK, alone which ranged from 33.70 to 37.27 and 33.97 to 38.13 during both the years
(Table 2). The increase in 1000-grain weight due to T3, T4 and T5 was significant over
T1 (NPK alone) during 2005-06 while T4 and T5 were significant over T1 during 2006-
07. The mean grain weight of both the years revealed that highest grain weight of 37.70 g
was achieved from T5 (16 kg Mn ha), while lowest with the NPK alone (33.83 g). The
weight record in T3, T4 and T5 was statistically at par with each other (Table 2).
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Table 1. Physico-chemical characteristics of soil.

Parameter Unit Value
Textural class Loam
Sand % 40.70
Silt % 37.30
Clay % 22
pHs 8.1
ECe dS mt 15
CaCOs3 % 5.5
Organic matter % 0.85
Amm; acetate extractable K mg kg 125
Available phosphorus mg kg 10.5
AB-DTPA extractable Mn mg kg 1.15

Data showed that the number of tillers m were significantly increased by the
application of Mn with NPK over NPK alone which ranged from 271.67 to 310 and 276.0
to 319.67 during 1% and 2" year, respectively (Table 3). Maximum number of tillers m-
were recorded with T5 (16 kg Mn ha) while lowest from T1 (NPK alone). The mean
number of tillers m2 for both the years were increased from 273.84 to 314.83 with 16 kg
Mn ha! over NPK alone. The number of tillers in T4 and T5 were statistically at par in
both the years (Table 3). Similarly, Cioroi & Florea (2003) described that the manganese
content of the soil is significant for the growth of wheat plants. They also noticed that the
wheat plants have grown slowly in distillated water, for ten days but the growth became
even slower afterwards.

The mean number of spikelets per spike of both the years ranged from 14.95 to
16.80, the highest were obtained in T5 (16 kg Mn ha') and lowest from T1 (NPK alone).
Different levels of Mn significantly increased number of spikelets per spike over NPK
alone, however T5 (16 kg Mn ha) was significantly differed from T1 (NPK alone) in
both the years (Table 3).

Data showed that spike length was significantly increased with different levels of Mn
over NPK alone during 2005-06 (Table 3). The mean spike length of both the years
ranged from 13.69 to 14.53 cm. The highest length was achieved with T3 (8 kg Mn ha™?)
while lowest from T1 (NPK alone). Similar to our findings, Ziaeian & Malakouti (2001)
results showed that Fe, Mn, Zn and Cu fertilization caused significant increase in grain
yield, straw yield, 1000 grain weight, the number of seeds per spikelet, concentration and
total uptake in grain, and flag leaves and the grain protein content increased significantly.
Data regarding economic analysis revealed that T4 (12 kg Mn ha) gave the maximum
net return of (564.37) followed by T3 (8 kg Mn ha*) and T5 (16 kg Mn ha™*) respectively,
however, maximum value cost ratio of 1:1.45 was observed in T2 (4 kg Mn hal).
Similarly, Hussain et al., (2005) studied the effect of micronutrient mixture at different
physiological growth stages of wheat in a field experiment and found that the maximum
net profit was gathered in foliar spray of micronutrients at tillering+booting+milking
growth stages of wheat.
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Total uptake of N, P, K and Mn by wheat: The uptake of N was significantly increased
with different levels of Mn over NPK alone except T2 (4 kg Mn ha) during both the
years (Table 4), however highest N uptake was recorded with T5 (16 kg Mn ha) and
lowest with NPK alone in both the years. Mean data showed that N uptake ranged from
105.87 to 116.23 kg ha ! (Table 4). Similarly, Parylak & Waclawowicz (2000) in their
field experiment in 1998-1999 showed that increasing N fertilizer rates increased Mn
content and its uptake particularly by grain yield.

Data showed that P uptake was not significantly increased with the various levels of
Mn over NPK alone. The mean data was also in the same pattern (Table 4). The total
potassium uptake was significantly increased in T5 (16 kg Mn ha) over NPK alone
during 2005-06, while all the treatments were significantly increased over NPK alone
during 2006-07 (Table 4). The mean data of both the years revealed that K uptake was
significantly increased with T4 (12 kg Mn ha) and T5 (16 kg Mn ha*) over NPK alone.
However K uptake ranged from 138.67 to 149.33 kg ha. The highest K uptake was
achieved in T5 (16 kg Mn ha*) while lowest from NPK alone (Table 4). Contradictory to
our results, Ghasemi-Fasaei & Ronaghi (2008) found that soil application of manganese
(Mn) increased the dry matter yield (DMY) but its application of Mn increased only Mn
uptake and had no significant effect on the uptake of the other cationic micronutrients.

Manganese uptake was significantly increased with the increasing levels of Mn over
NPK alone in both the years. All the treatments significantly differed from each other
except T4 (12 kg Mn ha') and T5 (16 kg Mn ha) during both the years. The highest
uptake of Mn was achieved in T5 (16 kg Mn ha) while lowest from NPK alone (Fig. 1).

Our results are contradictory with Lehoczky & Szalai (2005) who stated no
correlation or tendency between the NPK fertilization treatments and available Mn
content of soils. There was linear increase in Mn uptake with increasing dose of
manganese fertilizer. Our results are in line with Shukla & Warsi (2000) who investigated
the effect of micronutrients on the growth and nutrient content of wheat. They applied
Mn (0.2% MnSQ; solution) at 25, 37 and 49 DAS, with medium fertilizer levels. Their
results showed that the contents of Mn were higher in the grains.

Our findings are also similar to Mosier et al., (2004) who reviewed that the available
information on the interaction of applied nitrogen (N) with other nutrients such as
phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), and trace
elements (Zn, Mn and Cu). He described that nitrogen use efficiency (NUE) could be
improved with optimum and balanced use of different plant nutrients. Similarly, Fageria
et al., (1997) showed that manganese application significantly increased Mn uptake in
wheat plants. However, it was much higher in wheat plants especially at higher Mn
levels. This means Mn requirement for wheat is higher as compared to others crops.
Manganese application significantly improved uptake of Mn in wheat. Likewise, Singh &
Bharti (2006) using electron spin resonance spectroscopy showed that the Mn?" content
of seeds show a direct linear relationship with the height of the wheat cultivars, so, the
Mn?* content of the seeds may be taken as a parameter to determine the height of the
mature plant.

Present results showed that Mn addition had significant synergistic effect on the uptake
of N, P, K and manganese; however Mn had antagonistic effect on uptake of P in wheat
plants. Similarly, Modaihsh (1997) found that foliar application of micronutrients (Fe, Cu,
Zn and Mn) in the form of sulfate than chelate (either EDTA or EDDHA) generally resulted
in higher concentrations of these elements in grain of wheat (Triticum aestivum L.) and both
Zn and Mn concentrations were considered to be higher than others.
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Fig. 1. Effect of different treatments on uptake of Mn by wheat.

Conclusion

The findings suggest that the Mn supplied along with the basal dose of NPK
fertilizers resulted in sustainable and high crop production. The application of 12 kg Mn
ha! proved to be the most economical giving highest net return, whereas to achieve
maximum yield, Mn can be applied @ 16 kg ha™.
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