Asian Journal of Agricultural and Horticultural Research

3(2): 1-15, 2019; Article no.AJAHR.46536
ISSN: 2581-4478

Liming and Soil Amendments for Acidity Regulation
and Nutrients Uptake by Potato-Mungbean-Rice
Cropping Pattern in the Old Himalayan

Piedmont Plain

Begom Samia Sultana”, Musharraf Hossain Mian?, M. Jahiruddin?,
M. Mazibur Rahman?, Md. Noor E. Alam Siddique® and Jakia Sultana*

"Central Laboratory, Soil Resource Development Institute, Dkaka-1215, Bangladesh.
2Department of Soil Science, Bangladesh Agricultural University, Mymensingh-2202, Bangladesh.
3District Office, Soil Resource Development Institute, Rangpur-5400, Bangladesh.

4Department of Organic Agriculture, Wageningen University and Research, Wageningen-6700,
Netherlands.

Authors’ contributions

This work was carried out in collaboration between all authors. All authors read and approved the final
manuscript.

Article Information

DOI: 10.9734/AJAHR/2019/v3i229994

Editor(s):

(1) Dr. Paola A. Deligios, Department of Agriculture, University of Sassari, Italy.

(2) Dr. T. Selvamuthukumaran, Assistant Professor, Department of Entomology, Faculty of Agriculture, Annamalai University,
Tamil Nadu, India.

Reviewers:

(1) N. Karmegam, Government Arts College, India.

(2) Zakaria Fouad Fawzy Hassan, Agriculture and Biological Research Division, National Research Centre, Egypt.

(3) Georgiana Eurides de Carvalho Marques, Federal Institute of Education, Science and Technology of Maranh&o, Brazil.
Complete Peer review History: http://www.sdiarticle3.com/review-history/46536

Received 23 October 2018
. . Accepted 18 January 2019
Original Research Article Published 27 February 2019

ABSTRACT

Soil acidity and lower soil fertility are the key issues that constraint higher crop yield in the Old
Himalayan Piedmont Plain area of Bangladesh. The study evaluated the effect of lime and manure
on yield of crops in a cropping pattern, potato-mungbean-transplanted aman (TA) rice.
Experiments were conducted at Agricultural Regional Station (ARS), Bangladesh Agricultural
Research Institute (BARI) farm and farmer’s field under Thakurgaon Sadar Upazila, Thakurgoan
district, over two consecutive years. Crop varieties were Cardinal for potato, BARI mung6 for
mungbean and Bina dhan7 for TA rice. There were nine treatment combinations with three lime
levels (0, 1 and 2 t dololime ha™') and three manure treatments (poultry manure, farm yard manure
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soil acidity and nutrient uptake by plants.

and control) with three replications. The rate of poultry manure was 3 t ha™ and that of FYM was 5 t
ha”. Lime was added to the first crop for entire two crop cycles and manures were applied to the
first crop of each crop cycle. Application of lime and manure had significant positive effect on the
yield of potato and consequently positive residual effects on mungbean and TA rice. An average
45-59% vyield benefit over control for the first crop and 41-43% yield benefit for the third crop was
observed. Amendment of soil with dololime @ 1 t ha coupled with poultry manure @ 3 t ha” or
FYIM@ 5t ha” could be an efficient practice for achieving higher crop yield due to optimization of

Keywords: Cropping pattern; soil acidity; liming; manures; nutrients uptake; crop yields.

1. INTRODUCTION

Soils of northern Bangladesh have varying
degrees of soil acidity [1,2,3]. Piedmont soils
occur in Agro Ecological Zone (AEZ #1), Old
Himalayan Piedmont Plain (OHPP) (398154 ha)
and AEZ #22, Northern and Eastern Piedmont
Plains (403758 ha). The AEZ #1 is extended
over Thakurgaon (190300 ha), Panchagarh
(112100 ha) and Dinajpur (95800 ha). The soils
are light textured, strongly to moderately acidic
and low in organic matter content. The available
status of phosphorus (P), calcium (Ca) and
magnesium (Mg) of the soils are also low. The
soils have high contents of aluminum (AL), iron
(Fe), manganese (Mn) and lower contents of
nitrogen (N), P, potassium (K), Ca, Mg, zinc (Zn)
and boron (B) [4]. For attaining desired yields as
well as maintaining soil fertility of OHPP by
fertilizer = recommendation  [5], resources
utilization [6] and avoidance of soil degradation in
piedmont areas much needed [7]. Therefore,
mitigation of soil acidity sustainably is a key issue
for improving crop production in the area. Liming
is important to ameliorate soil acidity and
improve crop productivity. Lime application to
acidic soils is one of the good solutions to
address soil acidity problem [8]. Liming is
advocated for soils having pH < 5.5 [4]. The
optimum soil pH for efficient production of most
of the field crops is slightly acidic to slightly
alkaline (pH 6.5 — 7.5). Liming of acid soil has
been suggested as the most efficient practice to
attain and maintain a suitable pH for the growth
of a variety of crops. Liming can increase crop
yields, as observed in wheat [9,10,11], maize
[12,10], mustard [10], soybean [13] and oat [14].
Liming is generally practiced for dry land crops
and it is not required for wet land rice cultivation
since flooding of rice fields raises soil pH to
almost neutrality. Soil acidity limits crop
production primarily by impairing root growth,
thereby reducing nutrient and water ugtake [18].
The concentrations of A”**, Fe** or Mn?* are high
enough to be toxic to plants in an acid soil. On

the other hand, Ca, Mg, Mo and P can be
deficient in an acid soil. For these reasons, the
majority of crop produce yields less than their
potential. A judicious application of lime may help
overcome this problem. Liming an acid soail
increases the availability of P, Ca, Mg and Mo
and renders Fe and Mn insoluble, increases
fertilizer effectiveness and decreases plant
diseases [16]. But too much addition of lime can
decrease the availability of Fe, Mn, Zn and Cu
sufficiently to cause deficiencies of those plant
nutrients. Thus, judicious application of lime in a
soil to bring soil pH to an expected value is
essential for maintaining soil health and thus,
improving crop productivity.

Soil organic matter (OM) is a key factor in
maintaining long-term soil fertility since it is the
reservoir of metabolic energy, which drives soil
biological processes involved in nutrient
availability. A good soil should have at least 2.5%
organic matter, but in Bangladesh most of the
soils have less than 1.5%, and some soils
contain even less than 1% organic matter [4].
Soil fertility and OM content of top soils under
high land and medium high land situation has
been declined over time [17,18,19,20]. It is
believed that the declining productivity of soils is
the result of depletion of OM due to increasing
cropping intensity, higher rate of organic matter
decomposition under the prevailing hot and
humid climate, use of lesser quantity of organic
manure and little or no use of green manure. The
highest depletion of OM has been reported in
soils of Meghna River Floodplain (35%) followed
by Madhupur Tract (29%), Brahmaputra
Floodplain (21%), Old Himalayan Piedmont Plain
(18%) and Gangetic Floodplain (15%) [21]. Thus,
periodical and moderate application of OM is
essential for the soils of Bangladesh.

The cropping pattern (CP) in Bangladesh is
mainly rice based. Wheat, next to rice, is the
important cereal crop. Potato is a very good
vegetable crop which is consumed all over the



year. Mungbean is an important grain legume
crop, matures in 60-80 days and can easily be
grown as short duration summer pulse crop
between wheat or potato and TA rice. The
inclusion of a grain legume in CP will supply
substantial amount of biomass and N to sail.
Legumes in CP with cereals can economize the
N use up to 40 kg ha™ [22]. In this situation,
brown manure (mungbean) can be an alternative
source of OM which can improve soil health and
ensure higher crop yield. Farmers usually use
fertilizers on single crop basis without
considering the whole cropping system. It is
possible to increase and obtain satisfactory crop
yield in the potato-mungbean-TA rice and wheat-
mungbean-TA rice cropping systems in the
OHPP by manure and fertilizer management.
Thus, the points stated above justify a need for
carrying out a study on amendment of piedmont
soils with lime, poultry manure and farmyard
manure in quest of sustainable crop production.
This study was undertaken to make amendment
of piedmont soils (AEZ #1) by liming and
manuring (poultry manure and farmyard manure)
and to evaluate their effect on crop yield
and nutrient uptake in the potato-mungbean-TA
rice.

2. MATERIALS AND METHODS

The experiments were carried out at two sites of
Agricultural Research Station (ARS), Bangladesh
Agricultural Research Institute (BARI),
Thakurgaon and farmer’s field at Rahimanpur
union under Thakurgaon Sadar upazila (located
in between 25°40' and 25°59' north latitudes and
in between 88°15' and 88°22' east longitudes),
Thakurgaon, Bangladesh for consecutive two
years (2010-11, 2011-12), first year and second

year. According to General Soil Type
classification, both sites fall under non-
calcareous brown floodplain soils.

Topographically all the fields are high land (HL).
Three crops- potato, mungbean and T. aman rice
were grown in Potato-Mungbean-T. Aman rice
cropping pattern under the field experiments. The
crop varieties were Cardinal for potato, BARI
Mung6 for mungbean and Binadhan7 for T.
Aman rice. The onset and duration of growing
seasons were winter (Rabi season, middle of
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October to middle of March), spring (Kharif-/
season, middle of March-end of May) and
monsoon (Kharif-Il season, early June — middle
October) for potato, mungbean and T. aman
respectively.

There were nine treatment combinations
comprising of 3 levels of lime (0, 1 and 2 t ha™)
and 2 kinds of manure (poultry and farmyard
manure) including no lime and manure
treatments. Treatment combinations were LyM,
[Control (no lime, no manure)], LoMpy  (no lime,
manure as poultry manure), LoMgyy (no lime,
manure as farmyard manure), L{Mo (1t ha™ lime,
no manure), LiMpy (1 t ha' lime, manure as
poultry manure), LiMeyy (1 t ha™ lime, manure as
farmyard manure), LM, (2 t ha” lime, no
manure), LoMpy (2 t ha™ lime, manure as poultry
manure) and LoMgyy (2 t ha™ lime, manure as
farmyard manure). Farmyard manure was used
at 5t ha’ and poultry manure at 3 t ha™. The
dose of urea, Triple Superphosphate (TSP) and
Murate of Potash (MOP) was adjusted taking into
the account of the amount of N, P and K supply
from manure that was added to the first crop. For
all treatments, the fertilizer doses were
rationalized for the second and third crops, as
outlined in the Fertilizer Recommendation Guide
[4]. Micronutrients Zn and B were applied once in
1-crop cycle across the plots to sustain normal
plant growth. Micronutrients (Zn, B) were
supplied to the first crop only.

The experiments were laid out in a randomized
complete block design, with three replications.
The unit plot size was 5m x 4m having inter-plot
space of 0.75m and inter-block space 1m. The
plots were surrounded by 0.3m wide and 10cm
high earthen bunds with 10cm deep and 1.0m
wide irrigation channel along one side of the
plots. The layout of the experiment was kept
undisturbed for the 2-crop cycles. The land was
prepared thoroughly by ploughing and cross-
ploughing with a power tiller. Every ploughing
was followed by laddering. Except the first crop,
the land was prepared every time by 4 - 5
spadings. The sowing/planting date, plant
spacing, seed/seedling rate and harvesting date
used for cropping are stated below:

Parameters Potato Mungbean T. Aman rice
Sowing date - March 23-24 June 21-22
Planting date November 18-19 - July 14-15

Plant spacing 60 x 20 cm 30 cmxcontinuous 20 x 15 cm

Seed rate 2500 kg ha™ 30 kg ha™ -

Seedling rate - - 3-4 seedlings hill™
Harvesting date February 19-20 June 24-25 October 19-20




Dolomite lime was added to the plots before 15
days of sowing/planting. The rates of lime were 1
and 2 t ha™'. Lime was applied to the first crop
only with no application to the following crops
over two years. Its residual effect was evaluated
on the second, third, fourth, fifth and sixth crops.
Lime contained 20% Ca and 12% Mg. Two kinds
of manure, viz. poultry manure (PM) and
farmyard manure (FYM) were used. The rates of
manure were 5 t ha™ for FYM and 3 t ha™ for
poultry manure. Manure was applied to the first
crop only in each crop cycle. Their residual
effects were evaluated on the second and third
crops. Manure was added 5 days before
sowing/transplanting. Nutrient compositions of
different manures were as follows:

Manure  Year N (%) P (%) K (%)
Poultry First year 186 062 0.75
manure Second year 1.84 0.59 0.73
Farmyard First year 1.20 051 0.56
manure Second year 1.15 0.55 0.62

Fertilizers such as urea, TSP, MOP, gypsum,
ZnS0O,. 7H,O and boric acid were used as
sources of N, P, K, S, Zn and B, respectively. All
manures and fertilizers except urea to a full
amount were applied to the plots during final land
preparation. There were three equal splits of
urea application for T. aman rice- land
preparation, maximum tillering and panicle
initiation stage. Mungbean received full quantities
of urea, TSP, MOP and gypsum during land
preparation. In case of potato half amount of
urea and MOP and full amount of TSP, gypsum,
ZnS0O, and boric acid were applied at the time of
final land preparation. The rest amount of urea
and MOP was applied at 30 days after planting at
the time of earthing-up followed by irrigation.

The crops were harvested when they attained
maturity. Plot-wise yields (main product and by-
product) and yield contributing parameters were
recorded. Crop yield was expressed as t ha™.
The crop was cut from a 12m” area of the center
of each plot. The grains/seeds were threshed,
cleaned, dried and weighed. Grain and
straw/stover vyields were adjusted to 14%
moisture content for rice, 12% moisture content
for mungbean, and 80% moisture content for
potato tuber and 10% moisture content for potato
haulm. Ten representative plants or hills from
outside the harvested area within a plot were
selected to record the yield contributing
characters.

The data collected for different parameters were
statistically analyzed to find out the statistical
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significance of the experimental results. Data
analysis was done by computer using MSTAT-C
software. Mean values of all the treatments were
calculated and analysis of variance for all the
parameters was performed by F- test. The
significance of the difference between treatment
means was evaluated by Duncan’s Multiple
Range Test (DMRT) [23].

3. RESULTS AND DISCUSSION
3.1 Effects of Lime and Manure on Potato
3.1.1 Effects on tuber yield

The effect of lime and manure on the tuber yield
of potato was significant (Table 1). This indicates
that the lime effects varied with the kind of
manure application. Lime at 1 t ha” with poultry
manure produced significantly higher tuber yield
over other treatments in both sites and years.
The lowest tuber yield was recorded with the
control treatment, with no lime or manure
application. The yield increase due to L{Mpy
treatment over control was 67.1% for research
farm and 50.3% for farmer’s plot (Fig. 1).

3.1.2 Effects on haulm yield

The effect of lime and manure on the haulm yield
of potato was insignificant. In general, yield
response of lime at 1 t ha™ with poultry manure
at 3 t ha-1 was higher than that of lime at 1 t ha”
with FYM at 5 t ha™'. Above all, in both sites and
years, lime application at 1 t ha” with poultry
manure at 3 t ha™' resulted in highest haulm yield
among all the treatments and control treatment
(LOMO) produced the lowest haulm vyield
(Table 1).

3.1.3 Effects on tubers hill”

The effect of lime and manure on the number of
tubers hill”" of potato was significant. Generally,
the lime at 1 t ha™ with poultry manure at 3 t ha
produced the highest number of tubers hill" over
the sites and years. The lowest number of tubers
hill" was recorded with the control treatment
(LoMo) (Table 2).

3.1.4 Effects on tuber weight hill™

The effect of lime and manure on the tuber
weight hill" (g) of potato was significant (Table
2). The tuber weight hill”" (g) of potato responded
differently to the lime and manure treatments. In
both locations and years, the lime application at



1t ha” with poultry manure at 3 t ha” produced
the highest tuber weight. On the contrary, the
lowest tuber weight hill” (g) was produced by the
control treatment (LoMy) receiving no lime or
manure.

3.2 Effects of Lime and Manure on
Nutrient Uptake by Potato

3.2.1 Macronutrients uptake (N, P, K, S)

There was a significant lime x manure interaction
effect on the N, P, K and S uptake by potato
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(tuber + haulm). This indicates that the lime and
manure interacted on the macronutrient uptake
by potato (tuber + haulm) (Table 3). For N, the
effect of lime at 1 t ha™ with poultry manure at 3 t
ha” was higher than that of lime at 1 t ha” with
FYM at 5t ha”. The N uptake (tuber + haulm)
depending on the lime-manure treatments
ranged from 89.76 - 166.22 kg ha™ in first year
and 104.63 - 183.67 kg ha in second vyear.
While the P uptake (tuber + haulm) was found to
vary from 11.49 - 26.39 kg ha™ in first year and
11.42 - 25.44 kg ha™ in second year. The effect
of lime application at 1 t ha™ with poultry manure

Table 1. Interaction effects of lime and manure on the tuber and haulm yields of potato

Lime x manure Tuber yield (t ha™)

Haulm yield (t ha™)

interaction Research farm Farmer field Research farm Farmer field
A B A B A B A B

LoMg 229 25.3 21.6 19.8 1.32 1.30 1.30 1.32
LoMpm 28.3 30.7 27.7 23.3 1.57 1.59 1.45 1.42
LoMeym 275 29.3 27.0 23.1 1.51 1.56 1.46 1.45
L1Mg 25.0 33.2 271 28.8 1.52 1.84 1.55 1.71
L+Mpm 36.7 35.8 33.3 35.8 213 217 1.83 1.92
L1Meym 28.7 35.1 31.5 34.8 1.85 1.89 1.73 1.72
LoMg 26.6 33.2 27.4 32.8 1.74 1.84 1.55 1.68
LoMpwm 31.0 35.6 31.7 34.7 1.99 1.80 1.73 1.80
LoMeym 28.9 34.4 31.3 34.7 1.87 1.73 1.72 1.81
CV (%) 4.84 4.03 413 5.45 6.19 9.54 5.60 5.89
Sig. level ** NS NS ** NS NS NS NS
SE (1) 0.459 0.795 0.684 0.957 0.430 0.673 0.360 0.392

Subscripts of L represent lime rate (t ha); Subscripts of M represent kind of manure; PM means poultry manure
(3t ha") and FYM means farmyard manure (5 t ha'7); A = First year and B = Second year; CV = Coefficient of
variation, **, P <0.01;, NS = Not significant; SE (x) = Standard error of means

75 -

60 | OARS BFP

45

30 -

15 -

% tuber yield increase over control

LOM1 LOM2 L1MO L1M1 L1M2 L2MO L2M1 L2M2

Lime x Manure treatments on Potato

Fig. 1. Effects of lime x manure treatments on % tuber yield increase over control at ARS and
farmer plot; results are the average of 2 years; L0, L1 and L2 represent lime dose at 0,1 & 2 t
ha-1, respectively; M1 and M2 represent poultry manure and FYM, respectively



Table 2. Interaction effects of lime and manure on the number of tubers hill™
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and tuber weight

hill” of potato

Lime x manure Tubers hill” Tubers weight hill”" (g)
interaction Research farm Farmer field Research farm Farmer field

A B A B A B A B
LoMo 7.90 8.07 7.43 7.30 368.3 406.7 373.3 366.7
LoMppm 9.17 8.60 8.13 9.20 420.0 416.7 426.7 446.7
LoMeym 9.77 8.30 8.17 9.33 411.7 420.0 441.7 453.3
L4Mp 9.53 9.50 8.40 10.03 435.0 446.7 456.7 476.7
L4Mppm 10.97 10.80 9.83 10.50 460.0 550.0 528.3 556.7
LiMeym 10.63 10.33 9.20 10.20 431.7 513.3 503.3 526.7
LoMp 9.83 9.80 8.17 10.10 430.0 440.0 460.0 503.3
LoMpwm 10.77 10.40 9.30 10.07 4417 516.7 510.0 523.3
LoMeym 10.50 10.30 9.10 10.17 428.3 516.7 490.0 520.0
CV (%) 3.41 244 3.55 3.05 2.76 2.84 5.08 5.13
Sig |eve| *%k *%k *%k *%k *%k *%k NS *%k
SE () 0.195 0.135 0.177 0.170 6.784 7.688 13.642 14.396

Subscripts of L represent lime rate (t ha™’) ; Subscripts of M represent kind of manure; PM means poultry manure
(3 tha') and FYM means farmyard manure (5t ha); A = First year and B = Second year; CV = Coefficient of
variation; **, P <0.01;, NS = Not significant; SE (x) = Standard error of means

on P uptake was higher (26.39 and 25.44 kg ha™
in two vyears, respectlvely) than that of lime
application at 2 t ha™ with poultry manure (22.90
& 2411 kg P ha” in two years, respectively). The
K uptake (tuber + haulm) ranged from 112.96 -
225. 55 kg ha™ in first year and 166.83 - 224.25
kg ha in second year. The effect of lime at 1t
ha™ with pouItry manure was remarkably higher
(255.55 kg ha™' and 224. 25 kg ha') compared to
lime appllcatlon at1tha” with farmyard manure
(182. 53 kg ha”' K uptake in first year and 208.10
kg ha' K uptake in second year). The S uptake
Stuber + haulm) varied from 14.10 to 26.42 kg ha
in first year and 17.43 to 31.55 kg ha™ in
second year over the lime-manure treatments.
The magnitude of S uptake was found 26.42 kg
ha™ for LiMpn, 23.14, kg ha™ for LZMPM, 20.88 kg
ha™ for L4Meym and 20.83 kg ha™ for LoMgynm in
first year and the S uptake values in second year
were 31.55 kg ha for LiMpn, 29.42 kg ha™ for
LZMPM, 28.75 kg ha™ for L4Mgym and 27.50 kg ha
for LoMevm (Table 3)

3.2.2 Micronutrients uptake (Zn and B)

There was a significant lime-manure interaction
on the Zn and B uptake by potato (Table 3). This
indicates that the lime and manure treatments
interacted on the Zn and Br uptake by potato.
The highest Zn uptake (tuber + haulm) was
recorded as 0.686 kg ha™ in first year and 0.688
kg ha™ in second year due to L{Mpy treatment
which was significantly higher than that recorded
with Li{Mgyw and LoMpy treatments. The Zn
uptake across the nine treatments varied from

0.308 - 0686 kg ha” in first year and 0.311 -
0.688 kg ha™ |n second year. For B, the effect of
lime at 1 t ha™ with poultry manure at 3 t ha was
significantly higher than that of lime 1 t ha™ with
farmyard manure at 5 t ha™. The B uptake (tuber
+ haulm) over the nine treatment comblnatlons
was found to vary from 0.142- 0 317 kg ha in
first year and 0.146- 0.317 kg ha™in second year
(Table 3).

3.3 Residual Effects of Lime and Manure
on Mungbean

3.3.1 Effects on seed yield and stover yield

There was a significant interaction effect of lime
and manure on the seed yield and stover yield of
mungbean, as recorded in two sites and two
years. Seed and stover yields are shown in Table
4. L1Mpy treatment was superior to all other
treatments and control treatment (LoMy) was
inferior in terms of seed yield and stover yield of
mungbean. The highest seed yield recorded with
LsMpy treatment showed 139% increase over
control in research farm and 145% increase in
farmer field (Fig. 2).

3.3.2 Effects on pods plant'1 and seeds pod'1

The interaction effect of lime and manure on the
number of pods plant’ and seeds pod” of
mungbean was significant. Pods per plant and
seeds per pod are shown in Table 5. Lime at 1t
ha” with poultry manure (L;Mpy) produced the



highest number of pods pIant'1 as well as seeds
pod'1 and the lowest number of pods plant'1 and
seeds pod'1 were recorded with the control
treatment (LoM,) across the sites and years
(Table 5).

3.3.3 Effects on 1000-seed weight

There was a significant lime - manure interaction
effect on the 1000-seed weight of mungbean. In
both sites and years, application of lime 1 t ha”
with poultry manure (LsMpy) produced the
highest 1000-seed weight. In all cases, the
lowest 1000-seed weight was recorded with the
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control treatment (LoMy) over the sites and years
(Table 6).

3.4 Effects on Nutrient

Mungbean

Uptake by

3.4.1 Macronutrients uptake (N, P, K, S)

There was a significant lime x manure interaction
effect on the N, P, K and S uptake (seed +
stover) by mungbean (Table 7). This indicates
that the lime and manure treatments interacted
on the macronutrient uptake by mungbean. For
N, lime 1t ha” with poultry manure at 3 t ha™

Table 3. Interaction effects of lime and manure on nutrient uptake (kg ha'1) by potato (tuber and
haulm) in the potato-mungbean-T. aman rice pattern at ARS (BARI) farm, Thakurgaon

Lime x First year Second year

manure

interaction N | P ‘ K | S ‘Zn ‘ B N P ‘ K ‘ S ‘ Zn ‘ B
LoMo 89.76 1149 11296 1411 0308 0142 10463 1142 11683 1743 0311 0146
LoMem 12020 1813 16158 1790 0465 0213 14265 1869 16938 2247 0477 0222
LoMev 11478 1634 15589 1708 0443 0204 13898 1673 16532 2167 0463 0216
LMo 11231 1725 14776 1685 0464 0195 16182 2151 18784 2571 0567 0246
LM 16622 2639 22555 2642 0686 0317 18367 2544 22425 3155 0688 0317
LM 13499 2089 18253 2088 0566 0258 17637 2372 20810 2875 0.601 0293
LzMo 12379 1880 16435 1843 0517 0216 16648 2165 19161 2606 0569 0250
LzMes 146.08 2290 19792 2314 0619 0283 18104 2411 20928 2942 0597 0298
LzMEvm 135.02 2076 18213 2083 0571 0259 17443 2258 20060 2750 0568 0285
CV (%) 357 441 3.62 3.24 425 3.30 1.69 266 278 271 6.01 2.64
Sig. level - - - - . x - - e - x -
S.E. (¥) 26191 04895 35532 0.3654 0.1266 0.0441 15501 03175 29836 04010 01867 0.0385

CV = Coefficient of variation; **, P <0.01; S.E. = Standard error

Table 4. Interaction effects of lime and manure on the grain and stover yields (t ha'1) of

mungbean
Lime x Seed yield (t ha™) Stover yield (t ha™)
manure Research farm Farmer field Research farm Farmer field
interaction A B A B A B A B
LoMg 0.80 0.75 0.75 0.73 1.55 1.50 1.48 1.45
LoMpm 1.20 1.15 1.15 1.13 2.00 1.95 1.93 1.90
LoMeym 1.10 1.05 1.07 1.03 1.88 1.85 1.85 1.82
LsMg 1.05 1.00 1.00 0.97 1.80 1.75 1.77 1.72
L1Mpwm 1.71 1.68 1.65 1.63 2.83 2.76 2.75 2.73
L1Meym 1.65 1.62 1.64 1.61 2.60 2.55 2.53 2.48
LoMg 1.58 1.56 1.53 1.52 243 2.52 2.35 2.28
LoMpum 1.52 1.45 1.47 1.45 2.33 2.28 2.28 2.25
LoMeym 143 1.38 1.37 1.33 2.30 2.23 2.25 2.20
CV (%) 6.19 5.94 6.82 6.84 4.74 6.02 4,99 477
Sig |eve| *%k *%k *k *k * %k *k *k *%k
SE (1) 0.0488 0.0451 0.0516 0.0509  0.0600 0.0749 0.0615 0.0576

Subscripts of L represent lime rate (t ha-1); Subscripts of M represent kind of manure; PM means poultry manure
(3t ha") and FYM means farmyard manure (5 t ha'7); A = First year and B = Second year; CV = Coefficient of
variation; ** P < 0.01; SE (t) = Standard error of means
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LOM1 LOM2 L1MO L1M1 L1M2 L2MO L2M1 L2M2

Lime x Manure treatments on Mungbean

Fig. 2. Residual effects of lime x manure treatments on % seed yield (mungbean) increase over
control; results are the average of 2 years; L0, L1 and L2 represent lime dose at 0,1 & 2t ha™,
respectively; M1 and M2 represent poultry manure and FYM, respectively

Table 5. Interaction effects of lime and manure on the number of pods plant'1 and seeds pod'1
of mungbean

Lime x Pods plant™ Seeds pod”

manure Research farm Farmer field Research farm Farmer field
interaction A B A B A B A B
LoMg 9.23 8.60 9.00 8.87 8.53 8.30 8.20 8.10
LoMpm 11.50 11.20 11.27 11.10 10.20 10.00 9.93 9.73
LoMeym 11.40 11.10 11.17 11.00 9.66 9.40 9.40 9.27
L{My 9.86 9.56 9.60 9.47 9.50 9.30 9.23 9.07
L1Mpm 18.40 18.43 18.07 17.87 13.00 12.60 12.60 12.33
L1Meym 15.60 15.36 15.23 15.03 11.80 11.60 11.53 11.40
L,Mg 11.80 11.50 11.53 11.27 10.20 10.00 9.80 9.53
LoMpwm 13.56 13.26 13.17 12.90 11.13 10.93 10.73 1043
LoMeym 12.13 11.83 11.73 11.47 10.60 10.36 10.27 10.00
CV (%) 8.24 8.06 8.43 8.63 4.51 4.49 5.25 4.93
Slg Ievel *%x *% *%k *% *% *% * *%

SE () 0.6002 0.5732 0.5991 0.6032 0.2737 0.2667 0.3086 0.2844

Subscripts of L represent lime rate (t ha-1); Subscripts of M represent kind of manure; PM means poultry manure
(3t ha-1) and FYM means farmyard manure (5 t ha-1); A = First year and B = Second year; CV = Coefficient of
variation; ** P < 0.01; SE (t) = Standard error of means

resulted in higher N uptake compared to lime
appllcatlon at1tha with farmyard manure at 5 t
ha”. The N uptake (seed + stover) varied from
57.43 - 148.18 kg ha” in first year and 62.73 -
165.61 kg ha” in second year. While the P
uptake (seed + stover) varied from 10.22 - 28. 49
kg ha™ in first year and 11.15 - 31.88 kg ha™
second year. Generally, the effect of lime 1t ha
with poultry manure (3 t ha™') was higher than

that of lime 1 t ha™ with farmyard manure (5t ha
) and also lime 2 t ha™ with poultry manure (3 t
ha ). The K uptake (seed + stover) was found to
vary from 49.23 - 106. 68 kg ha™ in first year and
21.52 - 92.80 kg ha” in second year. Overall
results indicate that lime appllcatlon at 1tha’

with poultry manure at 3 t ha’ demonstrated
higher K uptake in comparison W|th the K uptake
due to lime application at 1 t ha™ with farmyard



manure or lime application at 2 t ha” with poultry
manure. The S uptake (seed + stover) was found
to vary from 5.02 - 14 04 kg ha™ in first year and
4.81 - 13.60 kg ha™ in second year. Overall the
effect of lime at 1 t ha” with poultry manure
(L4 MPM) was markedly higher than that of lime 1 t
ha™" with farmyard manure (L;Mgyy) (Table 7).

3.4.2 Micronutrients uptake (Zn, B)

There was a significant lime x manure interaction
on the Zn and B uptake by mungbean (seed +
stover) (Table 7). This endorses that the lime and
manure treatments had interacting effect on the
micronutrient uptake by mungbean. The Zn
uptake (seed + stover) over the n|ne treatments
ranged from 0.065 - 0. 194 kg ha™ in first year
and 0.083 - 0.177 kg ha™ in second year. In first
year, the highest Zn uptake (0.194 kg ha™) was
obtained from L{Mpy, next to it wasO 175 kg ha™

due to LiMgyy and 0.165 kg ha' due to from
Lo,Mpy. In second year, the highest Zn uptake
was noted with L{Mpy showing 0.177 kg ha Zn
uptake, followed b}/ Lo,Meym (0.163 kg ha™) and
L,My (0.155 kg ha™). While the B uptake (seed +
stover) ranged from 0.075 - 0. 194 kg ha™ in first
year and 0.070 - 0.173 kg ha” in second year
across the nine lime — manure treatment
combinations. In first year, the highest B uptake
was obtained from L;Mpy (0.194 kq ha , the
next was from Li{Mgyy (0. 177 kg ha™) and then
from L,Mpy (0.162 kg ha”). In second year,
the highest B uptake was recorded with
L4Meym (0173 kg ha ), the next with L,Mpy,
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(0. 157 kg ha™ ) and then with LoMgyy (0.151 kg
ha™) (Table 7).

3.5 Residual Effects of Lime and Manure
on T. aman Rice

3.5.1 Effects on grain yield and straw yield

There was a significant lime x manure interaction
effect on the grain yield and straw yield of T.
aman rice (Table 8). In both sites and years, the
lowest grain yield and straw yield were recorded
with the control treatment (LoMy). Overall results
indicated that lime application at 1 t ha-1 with
poultry manure (L1Mpy) produced the best grain
yield as well as straw yield and Next to it was
LsMryy treatment which gave better grain yield
as well as straw yield over the sites and years
(Fig. 3). Calculating the average of 2 years’
results in both sites, the LiMpy treatment gave
40.6% yield benefit over control at research farm
and 43.1% benefit at farmer’s plot in case of
grain yield of T. aman rice (Fig. 4).

3.5.2 Effects on plant height and tillers hill”™

The lime x manure interaction on the plant height
and tillers hill" of T. aman rice was S|gn|f|cant In
both sites and years, lime at 1 t ha” with poultry
manure (LiMpy) produced the highest plant
height as well as tilers hill" over other
treatments and the lowest plant height as well as
tillers hill" was noted with the control treatment
(LoMo) (Table 9).

Table 6. Interaction effects of lime and manure on 1000-seed weight of mungbean

Lime x manure 1000-seed weight (g)

interaction Research farm Farmer field
First year Second year  First year Second year
LoMg 35.0 34.7 34.6 34.3
LoMpm 411 40.7 40.5 40.2
LoMeym 39.5 39.2 39.2 39.1
L4Mg 37.3 36.9 36.9 36.7
L4Mppm 46.9 46.5 46.4 46.2
L1Mgym 43.4 431 431 42.8
L,Mg 38.5 38.2 38.1 37.8
LoMpym 41.8 41.6 41.4 40.9
LoMeym 40.9 40.5 40.4 39.9
CV (%) 2.53 2.55 2.69 3.22
Sig. |eve| *%k *%k *k *%
SE (1) 0.5905 0.5917 0.6219 0.7391

Subscripts of L represent lime rate (t ha-1); Subscripts of M represent kind of manure; PM means poultry manure
(3t ha-1) and FYM means farmyard manure (5 t ha-1); A = First year and B = Second year; CV = Coefficient of
variation; ** P < 0.01; SE (t) = Standard error of means
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Table 7. Residual effects of lime x manure interaction on nutrient uptake (kg ha'1) by
mungbean (seed and stover) in the potato-mungbean-T. aman rice cropping pattern at ARS
(BARI) farm, Thakurgaon

Lime = First year Second year

manure

interaction N P K 5 Zn B N P K 5 Zn B
LoMo 5743 1022 4923 502 0065 0075 6273 1115 2152 481 0083 0.070
LoMen 9271 1668 6949 836 0114 0118 10174 1843 5412 795 0106 0.113
LoMerm 8445 1500 6453 733 0105 0107 9344 1658 5981 713 0104 0.105
L1Mo 8523 1631 6425 817 0108 0107 9431 1825 57.02 7.0 0136 0.104
L1Men 14818 2849 10668 1404 0194 0194 16561 3188 7717 1360 0177 0147
LiMerm 13921 2654 9890 1284 0175 0177 15458 2948 9280 1248 0163 0.173
LzMo 12399 2368 8996 1181 0151 0147 14194 2730 8919 1182 0155 0.149
LzMpu 12874 2480 9045 1185 0165 0162 14101 2750 8084 1142 0154 0157
LzMFvm 12189 2348 8647 1118 0154 0156 13370 2575 7764 1078 0132 0151
CV (%) 5.01 477 4.60 466 4.89 4.56 5.11 5.49 8.14 5.32 8.63 7.62
Significant 2 i = & = = oy - = = = 2
level

SE. () 31541 05669 21224 02707 00386 00364 35712 07262 23595 02994 00399 00345

CV = Coefficient of variation; **, P <0.01; S.E. = Standard error

Table 8. Interaction effects of lime and manure on the grain and straw yields of T. aman rice

Lime x manure Grain yield (t ha™)

Straw yield (t ha™)

interaction Research farm Farmer field Research farm Farmer field
A B A B A B A B
LoMo 4.10 4.07 3.93 3.87 6.17 6.10 5.98 5.93
LoMpp 4.40 4.33 4.25 4.18 6.67 6.60 6.43 6.37
LoMeym 4.57 4.50 4.40 4.35 6.87 6.80 6.68 6.67
L4My 4.75 4.68 4.83 4.73 6.82 6.78 7.27 7.13
L1Mpp 5.80 5.70 5.63 5.53 8.78 8.62 8.47 8.42
L1Meym 5.42 5.35 5.20 5.13 8.30 8.27 7.83 7.77
LoMg 5.23 5.20 4.80 4.73 7.90 7.83 7.23 6.57
LoMpy 5.15 5.03 4.63 4.57 7.77 7.67 6.98 7.13
LoMeym 4.93 4.90 443 4.37 7.40 7.33 6.67 6.88
CV (%) 3.82 3.92 512 4.53 3.84 3.63 5.17 4.75
Slg Ievel *% *% *%x *% *%x *% *% *%
SE (1) 0.1087 0.1101 0.1384 0.1204 0.1641 0.1535 0.2108 0.1916

Subscripts of L represent lime rate (t ha-1); Subscripts of M represent kind of manure; PM means poultry manure
(3 t ha-1) and FYM means farmyard manure (5 t ha-1); A = First year and B = Second year; CV = Coefficient of
variation; ** P < 0.01; SE (t) = Standard error of means

3.5.3 Effects on panicle length and grains
panicle”

There was a significant lime x manure interaction
on panicle length and the number of grains
panicle’1 of T. aman rice. In both locations and
years, the lowest panicle length and number of
grains panicle'1 was noted with control treatment
(LoMp) and lime at 1 t ha” with poultry manure
(L1Mpy) produced the highest panicle length and
number of grains panicle™ of T. aman rice over
other treatments (Table 10).

10

3.6 Effects on Nutrient Uptake by T. aman
Rice

3.6.1 Macronutrients uptake (N, P, K, S)

The interaction effect of lime and manure on the
N, P, K and S uptake by T. aman rice (grain +
straw) was significantly affected by the
treatments (Table 11). At ARS (BARI) farm, the
N uptake (grain + straw) ranged from 78.21 -
152.90 kg ha™ in first year and 62.30 - 121.81 kg
ha™in second year. Results indicate that lime at
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1t ha” with poultry manure at 3 t ha™ (L1MPM?
performed better compared to lime at 1 t ha
with farmyard manure at 5 t ha™ (L1Mgym) and
lime at 2 t ha™ with poultry manure at 3 t ha™
(LoMpyw).While the P uptake ranged from 11.55 -

6 .

Grain yield (t ha-1)

0__

OARS BFP

22.06 kg ha™ in first year and 11.55 - 21.96 kg
ha™ in second year over the nine lime — manure
treatment combinations. The highest P uptake
(22.06 and 21.96 kg ha' in two years,
respectively) was recorded with L{Mpy, the next

LOMO LOM1 LOM2 L1MO L1M1 L1M2 L2MO L2M1 L2M2
Lime x Manure treatments

Fig. 3. Residual effects of lime x manure treatments on grain yield of T. aman rice at ARS and
farmer’s plot in Thakurgaon; results are the average of 2 years; L0, L1 and L2 represent lime
dose at0,1&2tha”, respectively; M1 and M2 represent poultry manure and FYM,

respectively
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Fig. 4. Residual effects of lime x manure treatments on % grain yield (T. aman) increase over
control at ARS and farmer’s plot in Thakurgaon; results are the average of 2 years; L0, L1 and
L2 represent lime dose at 0, 1 & 2 t ha-1, respectively; M1 and M2 represent poultry manure

and FYM, respectively
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Table 9. Interaction effects of lime and manure on the plant height and tillers hill" of T. aman

rice

Lime x manure Plant height (cm) Tillers hill”
interaction Research farm Farmer field Research farm Farmer field

A B A B A B A B
LoMg 84.5 84.4 81.9 80.3 8.66 8.46 7.83 7.70
LoMpum 91.0 91.7 89.6 85.8 9.06 8.87 8.63 8.50
LoMeym 94.3 93.0 93.3 89.7 10.16 9.93 9.60 9.47
LMy 98.7 96.4 95.5 92.7 10.33 10.47 9.93 9.73
L4Mppm 104.5 103.0 103.6 101.9 12.46 12.27 12.20 12.00
LiMeym 100.4 99.0 97.3 98.5 11.63 11.57 10.60 10.47
LoMg 97.5 96.4 94.3 95.9 11.20 11.03 9.80 9.70
LoMpym 97.0 96.0 94 .1 95.1 11.06 10.90 9.20 9.07
LoMeym 96.0 95.0 92.1 92.6 10.86 10.67 9.10 8.93
CV (%) 2.60 2.66 2.81 2.53 4.48 3.71 5.80 4.58
Sig |eve| *%k * *%k *%k * %k *%k *k *%k
SE (1) 1.4417 1.4571  1.5171 1.3529 0.2745 0.2241 0.3235 0.2515

Subscripts of L represent lime rate (t ha™’); Subscripts of M represent kind of manure PM means poultry manure
(3tha') and FYM means farmyard manure (5t ha); A = First year and B = Second year; CV = Coefficient of
variation; ** P < 0.01; * P < 0.05; SE (t) = Standard error of means

Table 10. Interaction effects of lime and manure on the panicle length and grains panicle™ of
T. aman rice

Lime x Panicle length (cm) Grains panicle”

manure Research farm Farmer’s field Research farm Farmer field
interaction A B A B A B A B
LoMy 20.7 20.2 19.3 19.1 78.5 77.4 79.9 79.6
LoMpm 22.5 22.3 214 21.2 85.7 83.7 88.0 87.5
LoMeym 23.2 23.0 21.3 21.2 90.5 89.3 91.5 91.1
L4Mg 23.5 23.2 22.0 21.8 95.2 94.8 97.0 96.4
L4Mpm 25.6 25.3 247 245 113.3 110.5 107.6 106.9
L+Mgym 24.2 23.9 23.2 23.0 102.0 100.3 99.5 99.0
LoMg 23.7 23.6 225 22.2 98.5 97.9 96.0 95.8
LoMpw 23.4 23.2 22.0 21.9 971 96.0 93.4 93.1
LoMeym 227 22.4 22.1 21.9 94.6 94.0 91.9 91.6
CV (%) 3.31 3.43 413 3.62 3.16 2.34 3.51 2.88
Slg Ievel *% *% * * *% * *%x *%

SE (1) 0.4448 0.4559 0.5249 0.4564 1.7316 1.2676 1.9043 1.5547

Subscripts of L represent lime rate (t ha’); Subscripts of M represent kind of manure PM means poultry manure
(3t ha") and FYM means farmyard manure (5 t ha'7); A = First year and B = Second year; CV = Coefficient of
variation; ** P < 0.01; * P < 0.05; SE (t) = Standard error of means

highest (19.72 and 19.666 kg ha™ in two years, uptake of 20.51 and 20.15 kg ha™ was obtained
respectively) with LiMgyy and the third highest with L{Mpy treatment followed by 18.86 and
(19.13 and 18.84 kg ha' in two years, 1859 kg ha™ with L1Mgyn, then 18.18 and 17.69
respectively) was with L,Mpy However, as kg ha™ by L,Mpy and the lowest S uptake of
observed in first year, the K uptake ranged from  10.20 and 10.00 kg ha™') was observed with the
92.82 - 225.39 kg ha” and in second year this  control in first year and second year, respectively
range was 50.41 - 121.07 kg ha™ over the nine (Table 11).

lime- manure treatment combinations. The

highest K uptake was recorded from the 3.6.2 Micronutrients uptake (Zn and B)
treatment combination of lime at 1 t ha™ with

poultry manure at 3 t ha™ (L1Mpy) and the lowest  There was a significant lime x manure interaction
from the control (Ly). The S uptake ranged from on the Zn and B uptake by T. aman rice (grain +
10.20 - 20.51 kg ha™' in first year and 10.00 - straw) (Table 11). As recorded in first year, the
20.15 kg ha” in second year. The highest S Zn uptake varied from 0.424 - 0.696 kg ha' and
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Table 11. Residual effects of lime x manure interaction on nutrient uptake (kg ha”) by T. aman
rice (grain and straw) in the potato—-mungbean-T. Aman rice pattern at ARS (BARI) farm,

Thakurgaon
Lime = First year Second year
manure
interaction N P K 5 Zn B N P K 5 Zn B
LoMao 7821 1155 9282 1020 0424 0132 6230 1155 5041 1000 0423 0.129
LoMpu 9712  13.87 15039 1292 0481 0173 7801 1379 8024 1259 0477 0.169
LoMerm 9794 13.87 15259 1294 0479 0172 7884 1380 8120 1265 0477 0.169
LiMo 10655 14.90 16750 1525 0515 0169 8401 1503 9090 1509 0514 0.166
LiMpu 15290 2206 22539 2051 0696 0250 12181 2196 12107 2015 06838 0245
LiMFm 139.95 19.72 21010 1886 0642 0225 11179 1966 11381 1859 0640 0.222
LzMao 118.76 1645 19446 1733 0574 0198 9333 1655 10518 17.07 0571  0.194
LzMpu 13472 1913 19844 1818 0611 0217 10264 18.84 10682 1769 0601 0212
LzMerm 12399 17.79 18624 17.00 0568 0196 9851 17.82 10049 1669 0566 0.193
CV (%) 370 3.61 393 368 372 382 420 382 376 373 374 366
Significant - - - - - s - - - s - -
level
S.E (&) 24926 0.3455 3.9822 03377 01192 0.0424 2239 03651 2.0478 0.3363 0.1190 0.0399

CV = Coefficient of variation; **, P <0.01; S.E. = Standard error

in second year, it ranged from 0.423 to 0.688 kg
ha™. Generally, effect of lime at 1 t ha™ with
poultry manure (LiMpy) was higher than that of
lime at 1 t ha™ with farmyard manure (L1Mgywm)
and lime at 2 t ha™ with poultry manure (L:Mpy).
While the B uptake (grain + straw) varied from
0.132 - 0.250 kg ha™ in first year and 0.129 -
0.245 kg ha' in second year. The highest B
uptake of 0.250 and 0.245 kg ha™' was recorded
with L1Mpy, next to it was 0.225 and 0.222 kg ha’
' with L{Mryy and then 0.217 and 0.212 kg ha™
was obtained with L,Mpy in two vyears,
respectively. The uptake results were principally
influenced by yield results.

4. CONCLUSION

Application of lime and manure increased yields
of crops under this study. Averaged over two
years and two study sites, addition of lime at 1t
ha” resulted in an increase of potato yield by
29.1% as direct effect and 51.7% for mungbean
and 23.2% for T. aman rice as residual effects.
Such yield benefits due to 2 t ha™ was 25.5% as
direct effect and 47.9% for mungbean and 13.8
for T. aman rice as residual effects. This result
reveals that one-time addition may benefit the
crops for at least two years (beyond two years
period was not investigated in the present study).
Further research is needed to ascertain which
factor is more important or dominant. While
addition of manure had marked positive effect on
crop yield. Between two manures, the influence
of poultry manure was higher than that of FYM.

The tuber vyield of potato was positively
correlated with the tubers hill" and weight of
tubers hill™. Poultry manure gave significantly
higher seed yield compared to FYM when the
soil was amended with lime 1 t ha'1, but the yield
was not statistically different in lime control plots.
This indicates a positive interaction between
manure and lime applications. Superiority of
poultry manure over farmyard manure in terms of
their effect on mungbean yield was a pH effect
induced by liming. Decomposition rate of manure
assumed to be faster when soil pH increases
after liming. Results indicated that both lime and
manure applications had significant influence on
soil fertility, nutrients uptake and crop yield
improvement. In the cropping pattern, potato-
mungbean-TA rice, the crop vyield did not
increase with 2 t ha™ lime rate over 1 t ha™ rate.
Thus, the dololime application at 1 t ha™ along
with manure addition (FYM at 5 t ha” or PM at 3
t ha'1) can be regarded as the best amendment
for sustainable soil fertility, optimization of acidity
and crop yield in the Old Himalayan Piedmont
Plain soils of Bangladesh.
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