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ABSTRACT

Soil acidification threatens dry land crop production in the soils of entire Sylhet region in Bangladesh.
Our objective was to assess the efficacy of lime doses with agroeconomic performances of wheat
varieties to lower soil acidity and increase wheat production in a direct-seeded system. Field trail was
carried out at Eastern Surma Kushiara Flood Plain soil (AEZ 20) of Sylhet in the three consecutive
years of 2010-11, 2011-12 and 2012-13. Treatments of wheat varieties (Bijoy, Prodip, Sufi, BARI
Gom-25 and BARI Gom-26) and lime (0 and 1.5 tha™) arranged in a split-plot design. Lime was
applied in main plots and varieties are distributed randomly in sub plots. Soil was sampled in
November 2010 to assess pH and Low pH was evident at the depth of fertilizer placement (0-30 cm).
Broadcast lime increased pH up to 6.0 in 2013. The result revealed that most of the yield component
viz. spikes m™, thousand grain weight and grain yield of wheat was significantly influenced by liming.
There were variations in lime response among the wheat varieties. Results observed that all the
varieties performed well in the liming plot (3.39-4.09 tha®) and BARI Gom-26 produced the
maximum vyield (4.09 tha™) among them compare to non liming one (2.48-2.97 tha™). Cost benefit
analysis indicated that the highest BCR was recorded in BARI Gom-26 in the liming plot that was
24% more compared to non liming plot. However, the index of relative adaptability of wheat was the
maximum in BARI Gom-26 and it could be cultivated at acidic soil in Sylhet, Bangladesh.
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INTRODUCTION the harvest of transplanted aman (T. Aman)
rice, soil are strongly acidic (pH 4-5.5) in
Global food demand is growing rapidly, and nature. Rainfall prevails here from late October
doubling food production and sustaining food to early November usually in each year that
production at this level, are major challenges offers the opportunity for the production of
for global food security (Tilman et al., 2011). short duration crop by utilizing the residual
Wheat (Triticum aestivum L.) is the second moisture.
most important cereal crop in Bangladesh. It Soil acidity in the Sylhet region has become a
plays a vital role in national economy to close serious problem for crop production, as both
the gap between food production and import. forage and grain yields have been reduced due
Wheat has been cultivated in an area of 988 to low soil pH. Soil acidity is harmful for plant
thousand acres with the total production of 0.99 growth due to nutritional disorders (e.g.,
mton in Bangladesh (KD, 2014). The average deficiency of Ca and Mg, decreased availability
yield of wheat in Bangladesh is only 3.8 tha™, of P and Mo) as well as the immediate toxicity
which is very low compared to other wheat of soluble Al, Mn, and H* (Carver and Ownby,
growing countries like European Union and 1995). The soils of northwest part of
China where vyields are 5.34 and 4.87 tha™, Bangladesh are light textured, low in organic
respectively (Taylor and Koo, 2012). In Sylhet, matter and strongly acidic to moderately acidic
vast areas of lands remain fallow in each year in nature, pH ranges from 4.2 to 6.1 (FRG,
during rabi season due to lack of irrigation 2012). The status of available P, Ca and Mg of
facilities, labour shortages, absentee farmers, these soils are low. The sandy soil has low
soil generally heavy, clay loams to clays and cation exchange capacity. These soils have high
the top soil quickly becomes dry and hard after content of Al, Fe and Mn (Breemen, 1993) and

deficiencies of N, Ca, Mg, K, P and B are
common. Al toxicity is responsible for poor
yields in acid soils (Lierop et al., 1984).
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Lime is applied to acid soils to neutralize
excess acidity that causes reduced crop vyields.
Application of lime should be considered on all
strongly acid soils and on many moderately
acid soils to improve and maintain productivity.
Application of lime at an appropriate rate
brings several chemical and biological changes
in the soils, which are beneficial or helpful in
improving crop yields on acid soils (Fageria
and Baligar, 2008). Several studies suggested
lime recommendation for acidic soil in north-
west Bangladesh under rice-wheat cropping
system (Rahman et al., 2002; Rahman et al.,
2004). Liming increases the availability of P
and decreases the toxicity by reducing
availability of Fe, Mn, and Al, thus ensures the
balance of most of the plant nutrients resulting
higher crop productivity (Stood and Bhardwaj,
1992; Rahman et al., 2004). The direct effect of
liming are to increase nitrogen fixation and
yield of most crops, reduce the soluble
aluminum and manganese to nontoxic levels,
improve availability of P and other nutrients
(Agrifacts, 2002). Liming can eliminate the
toxic effect of Al and Mn and increased the
availability of several plant nutrients, such as
Ca, Mg, P, N, and Mo (Mongia et al., 1998;
Rahman et al., 2005, and Fageria and Knupp,
2014). Zhang et al. (2004) reported that an
application of lime 3.05 tha™, half of the rate
recommended to raise soil pH from initial pH
of 45 to 6.8, was found to be the most
economical to lime low pH soils used for
forage or dual-purpose  winter  wheat
production.

Soil acidity limits wheat root growth and yield
severely, probably as a result of extended water
deficits during the vegetative stage. Grain yield
were correlated positively with soil pH and
exchangeable Ca®*, and negatively with
exchangeable AI*" and AIP* saturation, in the
surface and subsurface layers (Caires et al.,
2006). Soil pH and available P increased with
the increase in the rate of lime addition and
there was a high positive correlation between
wheat yields and soil available P at both sites at
harvest (Osundwa et al., 2013). Cifu et al.
(2004)  reported that lime application
significantly increased the yield 4.67 times for
barley, 2.24 times for mungbean, 57.3% for
wheat, 44.1% for potato, 28.4% for corn,
11.0% for cowpea and 8.8 % for soybean.
Tang et al. (2003) suggested that surface liming
can ameliorate subsoil acidity. However,
horizontal expansion is hardly possible
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therefore, vertical expansion such as varietals
screening might be useful for the expansion of
wheat cultivation in acidic soil as some of
wheat varieties identified as relatively non-
responsive to liming might be considered as
adaptable in acidic soil.

Although numerous studies have investigated
the effects of lime on grain yields of various
crops, only a few studies have reported how the
wheat is affected by soil pH in acidic soil of
Sylhet. In view of these, the study was
therefore, initiated to verify the liming effect
and screen the wheat varieties suitable in acidic
soil of Agroecological zone 20 (AEZ 20).

MATERIALS AND METHOD

A field trail was conducted in strongly acidic
soil in farm level at Sylhet, Bangladesh during
the year 2010-13 with the objectives to verify
the liming effect and screen the wheat varieties
suitable in acidic soil of north eastern region in
Bangladesh (AEZ 20). Five wheat varieties viz.
Bijoy, Prodip, Sufi, BARI Gom-25 and BARI
Gom-26 were examined at two levels of lime
viz. i) with lime (1.5 tha™) and ii) without lime
(0 tha™) in split-plot design. Lime was applied
in main plots and wheat varieties were grown
in sub plots. The size of each main plot was
20m x 5m and subplot was 5m x2m. The pH of
initial soil was 4.2 -5.4. The wheat seeds were
sown on 05" December in all the years. Lime-
Dolomite (CaMg).CO; was applied in the main
plots and incorporated into the soil 15 days
before of wheat seed sowing. The five years of
weather data is presented in the Figure 1. Initial
soil nutrient status of the experimental field and
chemical composition and neutralizing ability
of the liming are presented in Table 1 and 2.
Fertilizers @ of NygPsoKso and Sy Kgha™ as
urea, triple super phosphate, muriate of potash,
and gypsum, respectively were applied in the
soil. All fertilizers including two-third urea
were applied in the field during final land
preparation. The rest of urea was top dressed at
the crown root initiation (CRI) stage at 21 days
after sowing (DAS). The crop was irrigated
thrice to bring the soil moisture near to field
capacity during CRI, booting and grain-filling
stages. Weeds were controlled once at 30 DAS
manually. During maturity crops were
harvested duly on 20" March and sun-dried to
measured biomass. After harvest, the pH of the
amended plot soil was ranging 6.2-6.3. The
dried crop was threshed and after threshing, the
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grains were dried in the atmosphere and grain
yields were converted to t ha™ at 12 % moisture
content.

To compare the varietals adaptability, an index
of relative adaptability or performance (IRP)
for yield and yield components were estimated
following the equation below (Rahman et al.,
2013) and adapted from Fisher and Maurer
(1978).

IRF = X 100

SRR

Where,

Y: Yield of a genotype under non-liming

Yp: Yield of same genotype under liming

X: Mean vyield of all genotype under non-
liming

Xp: Mean yield of all genotype under liming

Cost benefit analysis of wheat was calculated
based on the current market price of the input
and output costs of the specified year and
expressed as US$ (1 US$=78 BDT). All data
were statistically analyzed and the mean values
were tested by the least significant difference
(LSD) at 5% level of significance.

RESULTS AND DISCUSSION

Results revealed that yield related parameters
and yield were significantly influenced except
spike length of wheat by the application of lime
(Table 3-6).

Plant height

Plant heights were improved due to the effect
of liming (Table 3). Liming increases pH in
acidic soil that favors root proliferation and by
increasing nutrient availability that might
contribute to higher plant height to wheat. The
highest plant height was recorded in BARI
Gom-26 (94.60cm) in liming while in the non
liming plot, it was observed in BARI Gom-25
(90.95cm) followed by BARI Gom-26
(89.21cm).

Tiller per plant

Tiller per plant of wheat was also significantly
influenced by application of liming (Table 3).
Liming on acid soil increases the pH level,
nutrient availability and microbial activities.
These might be increased tillering of wheat
crop in acid soils. The finding is in agreement
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with the findings of Sultana et al. (2009) who
reported that liming increased tiller number per
plant in wheat significantly. However, the
highest number of tiller per plant was recorded
in BARI Gom-26 variety while in non liming it
was also observed in BARI Gom-26 variety.

Plants per m?

Plants per m* was positively responded with
the lime application (214.78) with few
acceptations compared to without lime (198.36)
condition (Table 4). It might be due to the
application of liming as this increases soil pH
in acidic soil, which favors root proliferation.
Furthermore, liming also increase nutrient
availability which influenced tillering that
ultimately yielded higher spikes/m. The results
partially agreed with Rahman et el. (2013).
Similar results are also reported by Coventry et
al. (1987) and reported that lime treatment
increased more heads per metre of row of
wheat.

Spike length

Research results suggested that spike length of
wheat was non significant with due to the
application of lime. Interestingly, it was almost
same in both cases (Table 4). Further study
may need to reach a definite conclusion in
relation to spike length. However, among the
variety, Prodip, Sufi, BARI Gom-25 and 26
showed the higher spike length except Bijoy in
both liming and non liming cases.

Grain per spike

The result indicated that lime application
resulted in relatively higher increment of grain
per spikes in varieties than those under the
control condition (Table 5). The main effect of
liming showed that grain per spike was
recorded 39% more in the liming plot (26.53)
than that of without lime treatments plot
(19.00). Among the combination of liming and
variety, BARI Gom-26 was recorded the
highest grain per spike (30.70) followed by
BARI Gom-25 (28.28) and Sufi (25.45). The
lowest grain per spike was noted at Bijoy
variety in without lime condition. Plant nutrient
uptake and their translocation from source to
sink largely depend on chemical environment
of the soil that generally favorable under lime
application (Rahman et al. 2005) which might
contribute to higher grain per spike in wheat.
Similar result was also recorded by Sultana et
al. (2009).
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Thousand grain weight (TGW)

The study revealed that liming reflected
positively sharp response in the thousand grain
weight of wheat varieties (Table 5). The
highest mean TGW was recorded in liming
treatment (45.31g) compared to non liming
treatment (41.90g). Among the combination of
liming and wheat, liming with BARI Gom-26
produced the maximum TGW (47.46Q)
followed by liming with BARI Gom-25
(46.67g) and without liming with BARI Gom-
26 (46.129). Interestingly, it was observed that
BARI Gom-26 in non liming plot produced
almost similar TGW to liming condition. It
might be due to the tolerance of the variety in
acidic soil. However, it might also be due to the
effect of liming that make the plant nutrients
available to them and also create positive
chemical environment of the soil that was also
reported by Rahman et al. (2005) and Rahman
et al. (2013).

Grain yield (GY)

Production potential of wheat in acidic soil in
Sylhet revealed that grain yield of wheat was
significantly varied due to the effect of liming
as well as varietals difference (Table 5). The
mean yield of wheat varieties was higher
(3.70tha™) under lime condition than that of
without liming plot (2.67tha™). The variety
BARI Gom-26 gave the satisfactory vyield
(4.09tha™®) among the wheat varieties followed
by BARI Gom-25 (3.83tha) and Pradip
(3.61tha™) in liming condition. Studies suggest
that liming has the both direct and indirect
effects that improve the availability of nutrients
including phosphorous fertilizers, increase
microbial activity and release of plant nutrients
(Agrifacts, 2002). Craig et al. (2013) reported
that lime application resulted in significant
increases in soil pH, phosphorus uptake and
grain yield. Grain vyield showed a linear
relationship to phosphorus uptake. Grain yields
of wheat were positively correlated with soil
pH, available P, Ca and Mg contents of post
harvest soils (Sultana et al., 2009). Similar
results were also recorded from Rahman et al.
(2005) and Rahman et al. (2013). However, the
crop yield per unit area as well as farm
productivity increased due to adoption of
liming & better use of farm resources.
Coventry et al. (1987) suggested that increased
grain yield was mainly due to more heads per
metre of row, although head size and grain
weight were also increased by lime treatment.
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Index of relative
performance (IRP)

The relative adaptability of different yield
parameters and grain yield of wheat was
described in table 3 to 5. Result indicated that
the highest IRP showed in tiller per plant in the
wheat variety BARI Gom-26 (111%) followed
by Prodip variety (104%). IRP in plant per m?
was observed in Bijoy (109%) followed by Sufi
(107%) while in grain per spike, IRP% showed
the highest in the Sufi variety (114%) followed
by Prodip variety (110%). On the contrary, in
case of grain yield the highest IRP (104%) was
noted in Prodip variety followed by Sufi variety
(102%). But the thousand grain weight and
grain per spike was the highest in BARI Gom-
26 compared to Sufi and others variety.
Therefore, wheat variety BARI Gom-26, BARI
Gom-25 and Prodip might have potentials in
producing higher yield in acidic soil condition
in Sylhet region of Bangladesh. The results are
partially agreed with the findings of Rahman et
al. (2013) who reported that the IRP % for
yield of BARI Gom-26 and Bijoy was more
than 100% and are relatively tolerant to low pH
and could be adapted in acidic soil of Sylhet.

adaptability  or

Cost benefit analysis

Details cost and benefit analysis was given in
figure 2-4. Economic analysis were calculated
base on the current price of the variable and
non variable costs such as Urea- 0.26, TSP-
0.28, MOP-0.19, Zypsum-0.13, Lime 0.13, and
Cowdung-0.013 US$Kg™, respectively and
labour- US$ 2.30 day™, wheat seed US$ 0.51,
ploughing- US$  28.80ha™, irrigation-
US$1.28hr" and pesticides cost total of US$
57.60 and output cost such as wheat grain- US$
0.38Kg™ and wheat straw US$0.032 5Kg,
respectively. Lime was applied once and the
cost of lime was divided in each year. From the
economic point of view, it was noted that the
liming plot showed its superiority over the non
liming one in all the cases of gross return, net
return and also in benefit cost ration (BCR).
The highest gross return (US$ 1580.48), gross
margin (US$ 975.68) and BCR (2.61) was
recorded in BARI Gom-26 (Fig 2-4).
Interestingly, all the variety except BARI Gom-
26 noted below 200% BCR in non liming
condition. However, higher cost of production
in liming plot over non liming one is due to the
cultivation of wheat using liming in the field.
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Table 1. Initial soil nutrient status of the experimental field for Wheat

Depth (cm) pH | OM | N P K Ca(m.eq | Mg(m.eq S Zn B Fe
(%) | (%) | (ng/g | (m.eq | /100g /100g | (Hg/g | (M9/g | (Mo/g
soil) | /100g soil) soil) soil) | soil) soil)
soil)
0-15
Value | 485 [085]004]9615] 012 | 442 | 085 | 887 | 096 | 033 ][11.36
15-30
Value | 52 [076]003] 85 | 092 | 337 | 065 | 820 086 | 0.22 | 950

Table 2. Chemical composition and neutralizing ability of the liming material used in the experiment

Ca ] mg | K | Na P | zZn | Mn | B

CaO equivalent (%)

% Ma/kg

62.40

48 2010 720 [ 018 | 000 | 000 [ 4400 |

(Source: Rahman et. el. 2013)

Table 3: Effect of lime on the plant height and tiller per plant of wheat (pooled of three years data).

Plant height (cm) Tiller per plant

Wheat Varieties \Il_\lith Wif[hout IRP (%) With Wi_thout IRP (%)

ime lime lime lime
Bijoy 92.83 89.47 100 4.04 3.97 102
Prodip 91.83 90.45 102 3.95 3.99 104
Sufi 90.56 88.73 101 4.10 3.57 90
BARI Gom-25 93.57 90.95 100 3.87 3.48 93
BARI Gom-26 94.60 89.21 97 3.81 4.09 111
Mean 92.68 89.76 3.95 3.82
CV (%) 3.01 13.64
LSD(0.05) 4.75 0.39

Table 4: Effect of lime on the plants per m* and spike length of wheat (pooled of three years data).

Plants per m* Spike length (cm)

Wheat Varieties With Without | IRP (%) | With | Without | IRP (%)

lime lime lime lime
Bijoy 233.11 233.86 109 14.9 13.95 93
Prodip 217.75 192.09 96 16.57 17.34 104
Sufi 202.79 200.14 107 14.65 15.73 107
BARI Gom-25 208.62 182.57 95 15.34 15.02 97
BARI Gom-26 211.65 183.15 94 14.93 14.79 98
Mean 214.78 198.36 15.28 15.37
CV (%) 11.23 6.78
LSD (0.05) 40.14 NS
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Table 5: Effect of lime on the grain per spike, thousand grain weight (TGW) and grain yield of wheat
(pooled of three years data).

Grain per spike TWG (g) Grain yield (tha™)
Wheat Varieties | With | Without | IRP | With | Without IRP | With | Without | IRP
lime lime (%) lime lime (%) lime lime (%)
Bijoy 23.13 16.38 99 43.9 40.47 1.00 3.6 2.60 100
Prodip 25.11 19.77 110 | 44.15 37.18 091 | 361 2.71 04
Sufi 25.45 20.82 114 | 44.37 41.96 1.02 | 3.39 2.48 02
BARI Gom-25 28.28 18.94 94 46.67 43.76 1.01 | 3.83 2.58 94
BARI Gom-26 30.70 19.11 87 47.46 46.12 1.05 | 4.09 2.97 101
Mean 26.53 19.00 45.31 41.90 1.00 | 3.70 2.67
CV (%) 6.41 6.24 5.67
LSD (0.05) 2.53 4.71 0.31
Weather data of Sylhet Temp.
(Deg. C.)
800 A~ T- 35
700 Nl - \\ + 30
600 - / e -,-—i—- T + 25
500 - _— —| \ 1 20
400 -
300 - // \ T
200 A T 1°
100 A TS5
o SRR 1 W P O

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ Total Rainfall —=— Max Temp. —<>— Min Temp.

Fig. 1. Annual monthly total rainfall (mm), maximum and minimum temperatures during the period
2007-2013 in Sylhet

1800 - OBijoy
1600 A
1400 - B Prodip
1200 4
1000 1 OSufi
800 1
@
037 600 -
400 - OBARI GOM 25
200 -
0 -+ EBARI GOM 26
Gross return (US$ha-  Cost of cultivation Gross margin
1) (US$ha-1) (US$ha-1) OMean
Economic analysis

Fig. 2. Economic analysis of wheat as affected by lime
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1400 -
O Bijoy
1200 -
= Prodip
1000 -
O Sufi
800
§73
L 600 1 O BARI GOM 25
400 - B BARI GOM 26
200 A 0 Mean
0 T
Gross retumn (US$ha-1)  Cost of cultivation ~ Gross margin (US$ha-
(US$ha-1) 1)
Economic analysis
Fig. 3. Economic analysis of wheat without lime
2.2
21 o
) €
£ 2 =
- =
c
= 1.9 2
o
g 1.8 z
1.7 8§
1.6
Bijoy Prodip Sufi BARI BARI Mean
GOM 25 GOM 26
Variety
Fig. 4. BCR of wheat varieties as affected by lime
CONCLUSION these wheat varieties could be cultivated at

Soil acidity in the Sylhet region has become a
serious problem for crop production, as both
forage and grain yields have been reduced due
to low soil pH. Result revealed that all the
wheat varieties performed well in the liming
plot (3.39-4.09 tha') and BARI Gom-26
produced the maximum vyield (4.09 tha™)
among them compare to non liming one (2.48-
2.97 tha™). BCR was also recorded higher in
the liming plot (2.37) that was 24% more
compared to non liming plot. However, the
index of relative adaptability or performance of
wheat was showed maximum in BARI Gom-26
followed by Prodip and BARI Gom-25. So,
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acidic soil in the agroecological zone 20
(Eastern Surma Kushiara Flood Plain soil) in
Sylhet, i.e. northern eastern part of Bangladesh
successfully.

ACKNOWLEDGEMENTS

The authors are offered their cordial thanks and
acknowledgement to metrological department,
Sylhet office for providing weather data timely.
The authors are also thanked to the scientists of
Regional Soil Testing Laboratory, Soil
Resources Development institute, Sylhet for
soil nutrient analysis of the present study.



Original Article

REFERENCES

Agrifacts, 2002. Liming Acid Soils. Practical
information for Alberta’s agriculture
industry.

http://www1.agric.gov.ab.ca/department/de
ptdocs.nsf/all/agdex3684. (Source: AgDex
534-1 and website assessed on 15 February
2014).

Breemen NV, 1973. Genesis and Solution

Chemistry of Acid Sulphate Soils in
Thailand.  Wagneningen, Centre for
Agricultural Publishing and

Documentation.

Caires EF, Corréa, JC, Churka LS, Barth G and
Garbuio FJ, 2006. Surface application of
lime ameliorates subsoil acidity and
improves root growth and yield of wheat in
an acid soil under no-till system. Sci. agric.
(Piracicaba, Braz.), 63(5): 502-509.

Carver BE and Ownby JD, 1995. Acid soil
tolerance in wheat. Adv. Agron. 54:118-
173.

Cifu M, Xiaonan L, Zhihong C, Zhengyi H
and Wanzhu M, 2004. Long-term effects of
lime application on soil acidity and crop
yields on a red soil in Central Zhejiang.
Plant and Soil, 265(1-2): 101-109.

Coventry DR, Reeves TG, Brooke HD,
Ellington A. and Slattery WJ, 1987.
Increasing wheat yields in northeastern
Victoria by liming and deep ripping.
Australian J. Exp. Agric. 27:679-685.

Craig S, Brennan R and Sarre G, 2013. Crop
rotation and liming history affect the
availability of soil phosphorus. Grain
research and Development Corporation.
Department of Agriculture and Food,
Government of Western Australia. 2013
WA Crop Updates (1-4).

Fageria NK and Knupp AM, 2014. Influence of
Lime and Gypsum on Growth and Yield of
Upland Rice and Changes in Soil Chemical

Properties.
DOI:10.1080/01904167.2014.890219.
Fageria, N.K.,, Baligar, V.C.,, 2008.

Ameliorating soil acidity of tropical oxisols
by liming for sustainable crop production.
In: D. L. SPARKS, editor Advances in
Agronomy. Acad. Press. Brazil., p. 345-
389.

Fisher RA and Maurer R, 1978. Drought
resistance in spring wheat cultivars. I.
Grain yield responses. Australian J. Agric.
Res. 29: 897-907.

159

Asian J Agri Biol, 2014, 2(2):152-160.

FRG, 2012. Fertilizer Recommendation Guide,

Bangladesh Agricultural Research Council

(BARC), Farmgate, Dhaka-1215. 274p
2014. Krishi  Diary, Agricultural

Information  Services, Ministry  of

Agriculture, Government Peoples Republic

of Bangladesh. P. 2.

Lierop WV, Tran TS, Banville, G and
Morissette S, 1984. Effect of liming on
potato yields as related to soil pH,
aluminium, manganese and calcium.
Agron. J. 74: 1050-1055.

Mongia AD, Singh, NT, Mandal LN and Guha
A, 1998. Effect of liming, super phosphate
and rock phosphate application to rice on
the yield and uptake of nutrients on acid
sulphate soils. J. Indian Soc. Soil Sci. 46:
61-66

Osundwa MA., Okalebo JR, Ngetich WK,
Ochuodho JO, Othieno CO, Langat B and
Omenyo VS, 2013. Influence of
Agricultural Lime on Soil Properties and
Wheat (Triticum aestivum L.) Yield on
Acidic Soils of Uasin Gishu County,
Kenya. American J. Experimental Agric.
3(4): 806-823.

Rahman MA, Barma NCD, Sarker MH, Sarker
MM. and Nazrul MMI, 2013. Adaptability
of wheat varieties in strongly acidic Soils
of sylhet. Bangladesh J. Agril. Res. 38(1):
97-104.

Rahman MA, Chikushi J, Lauren JG, Duxbury
JM, Meisner CA. and Yasunaga E, 2005.
Chemical control of soil environment by
lime and nutrients to improve the
productivity of acidic alluvial soils under
rice-wheat cropping system. Environmental
Control in Biology 43(4): 259-266.

Rahman MA, Chikushi J, Lauren, JG, Duxbury
JM and Meisner CA, 2004. Liming and
nutrient management for  sustainable
productivity of acidic alluvial soils under
rice-wheat cropping system in Bangladesh.
Proc. 6th International symposium on
plant-soil interaction at low pH. pp. 304-
305. August 1-5, 2004. Sendai, Japan.
Organized by International steering
committee on Soil-Plant Interaction at low
pH.

Rahman MA, Meisner CA, Duxbury JM,
Lauren J and Hossain ABS, 2002.
Integrated approach of liming and nutrient
management to improve the productivity of
acidic soil within a rice-wheat cropping
system. Poster no. 773, Symposium no. 05,

KD,


http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex3684
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex3684
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28Fageria%2C+N+K%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28Knupp%2C+A+M%29

Original Article

17th World Congress of Soil Science. 14-
21 August 2002. Bangkok, Thailand.

Stood RD and Bhardwaj RK, 1992. Effect of
liming and phosphorus fertilization on the
P fractions in an acid Alfisol. J. Indian Soc.
Soil Sci. 40: 299-301.

Sultana B, Mian MMH, Islam MR, Rahman
MM, Sarker BC and Zoha MS, 2009.
Effect of liming on soil properties, yield
and nutrient uptake by wheat. Curr. World
Environ 2009;4(1) :39-47.

Tang C, Rengel Z, Diatloff, E and Gazey C.
2003. Response wheat and barley to liming
on sandy soil with subsoil acidity. Field
Crops Res. 80: 235-244.

Taylor RD and Koo WW, 2012. Outlook of the
US. and World Wheat Industries.

160

Asian J Agri Biol, 2014, 2(2):152-160.

Agribusiness & Applied Economics, June
2012-2021. Center for Agricultural Policy
and Trade Studies, Department of
Agribusiness and Applied Economics 696,
North Dakota State University, Fargo,
North Dakota 58108-6050, 235p.

Tilman D, Balzer C, Hill J and Befort BL,
2011. Global food demand and the
sustainable intensification of agriculture.
Proceedings of the National Academy of
Sciences of the United States of
Americal08, 20260-20264.

Zhang H, Schroder JL, Krenzer EG, Kachurina
OM and Payton ME, 2004. Yield and
quality of winter wheat forage as affected
by lime. Online. Forage and Grazing lands
d0i:10.1094/FG-2004-1020-01-RS.



