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Abstract: Nutrient management is critical in increasing andtaining rice yield. A field experiment was contit to
examine the effects of inorganic fertilizer (IFpybtry manure (PM) and their combinations on ried/and possible residual
effects. A randomized complete block design witte¢hreplications was used and the trial was coeduch aGleysol. In
2011 SPAD values for IF and PM/ IF combinationscépt 2.0 t/ha PM + 22.5-15-15 kg Nu@2: K,O/ha) were significantly
higher in the sixth week onwards than PM. Numbeparficles/plant and number of panicleSwere significantly higher for
90-60-60 kg N: FOs: K;,O/ha and 2.0 ttha PM + 22.5-15-15 kg NOR K,O/ha than 6.0 and 4.0 t/ha PM resulting in
significantly higher grain yield. Grain yield of Mas similar to grain yield of PM/IF combinatioms.2012 the residual effects
showed a significantly higher SPAD value for thé 8ha PM. Also 6.0 t/ha PM, 4.0 t/ha PM and 4t@atPM + 30 kg N/ha
had significantly high number of panicles/plant andnber of panicles/fithan IF. Residual effect of PM applied at 4.0 t/ha
and above gave significantly higher grain yieldnth&. Mean grain yield for the three years showet #.0 t/ha PM + 30 kg
N/ha and 2.0 t/ha PM + 22.5-15-15 kg NOB. K,O/ha gave significantly higher yields than the ottneatments. The results
indicate that integrating IF and PM is a bettei@ptn increasing and sustaining rice production.
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1. Introduction

Rice production in Ghana faces several challengasply
water shortage, low soil fertility and poor soildamvater
management [1]. Several authors have identifiedifdwerent
soil fertility as a major cause for low rice yig®] 3; 4; 1; 5] in
Ghana. The problem is compounded as farmers a@Ei®to
purchase adequate amounts of mineral fertilizegh(fdost)
and rely mostly on natural soil fertility which lsw and
declining. Rice yield can vary from less than Ih@to as high
as 6.0 t/ha due to variation in both water and &aitility
management [3 and 1].

The availability of large amounts of organic madkxiin
Ghana [6] can be harnessed to improve rice prootudti the
country. Organic materials available for usageudelpoultry
manure, cow dung, rice straw and human excretalgérved
that application of 7.0 t/ha cow dung gave simyjietd as sole

mineral fertilizer. The authors also reported dyaplication of
3.5 t/ha cow dung + half rate of mineral fertilizgve similar
effect as full rate of mineral fertilizer.

According to [7] cited by [8], organic materialsear
fundamentally important in that they supply varidisds of
plant nutrients including micronutrients, improwel physical
and chemical properties and hence nutrient holding
buffering capacity, and consequently enhance miatob
activity. In addition, organic matter slowly butrdmuously
releases N as plant need it. N is the most limitingrient in
irrigated rice systems, P and K deficiencies atstuce rice
yield under continuous cultivation particularly tine inland
valleys [4].

Many researchers including [9], reported that tiects of
organic matter application can be observed after Byears.
A good residual effect ensures good soil health sugtains
productivity over a longer period of time compateadnineral
fertilizer.
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To ensure that the fertility of the soil is impraleit is
imperative to find cheaper alternatives which canused
solely or in combination with mineral fertilizen khis study
poultry manure, sole or in combination with minefetilizer
was evaluated for its potential to improve and austice
production.

2. Materials and M ethods

Experimental site and design:

375

conducted at the Central Agricultural Station, Kasal
(Latitude 60 40’ 59" and Longitude 1037°0") in 20Ehd
repeated in 2011 and 2012. The soils are gleydelgloped
over granite [10]. A Randomized Complete Block dasiith
3 replications was used. Jasmine 85 was used dsgherop
in 2010 while TOX 3108-56-4-4-2 (Sikamo-local names
planted in 2011 and 2012. Two seedlings were tilansgd
per hill at 20 x 20 cm. Treatments and times ofliapfion are
presented in Table 1. Poultry manure (PM) was brastdand

The experiment waiscorporated into the soil a week before transjant

Table 1. Treatment combinations in 2010 and 2011.

Treatment

Basal Application (IWAT)

Top Dressing (5 WAT)

6 t/ha PM -
4 t/hha PM -
4 t/ha PM + 30 kg N/ha =
2 t/ha PM + 30 kg N/ha

2 t/ha PM + 22.5-15-15 kg NiBs:K,O/ha
90-60-60 kg N:FOs:K,O/ha

All P&K + 10 kg N/ha
All P&K + 30 kg N/ha

30 kg N/ha
30 kg N/ha
20 kg N/ha
60 kg N/ha

WAT: weeks after transplanting

In 2012, the residual effects of the various tresatts were
evaluated. 30 kg N/ha was applied to all plots. Tiblel was
designed according to the “sawah” system (ploteveeinded,
ploughed, puddled and leveled with inlets and tatler
supplementary irrigation and drainage when necgssar

2.1. Soil Sampling and Analysis

Initial soil samples were taken (0-20 cm) before field
layout was done. Soil samples were brought to Bedearch
Institute laboratory and air-dried at room tempemat The
air-dried soil samples were ground and passed gir@umm
sieve. Soil pH was measured using a glass elec{pdleneter)
in a soil to water ratio of 1:2.5 [11]. Organic lsan was
determined by the wet combustion method [12]. Teitabgen
was determined by micro Kjeldahl method [13] andilable
phosphorus according to [14] Exchangeable catiGas g,
K) were extracted with 1.0 M ammonium acetate sofuand

determined by atomic absorption spectrometry [155¢

Exchangeable acidity was determined first by exingcit
with KCI and titrating the extract with sodium hgeatide [15].
Effective cation exchange capacity was determingdhe
addition of all the cations.

2.2. Plant Growth Characteristics

Soil and plant analysis development (SPAD) values wag
measured weekly up to the eighth week. SPAD valas w

software, Statistics 8, was used for data analyiandard
error was used as the mean separator.

3. Results and Discussion
3.1. Soil and Poultry Manure Properties

Initial soil properties for the site are presenitedable 2.
Exchangeable cations are very low reflecting a &ffective
cation exchangeable capacity. The soil is stroaglglic. Both
organic matter and available phosphorus are aiso lo

The nutrient content of the poultry manure useshiswvn in
Table 3. The manure was collected from a farm witthie
district in which the experiment was conducted. Tienure
was collected from laying birds hence the high galdor
calcium and magnesium.

Table 3. Nutrient content of poultry manure.

Total N P K% Ca Mg

0.61 1.10 8.50 7.00

3.2.2010

3.2.1. Yield Components

In 2010 plant height, number of panicles/plant gnain
yield for all the treatments were similar (Table 3gsmine 85
normally gives up to 5.0 t/ha grain yield or moredar good
nvironment and recommended fertilization. Howethe
experimental field experienced a severe attackastland the

measured using a chlorophyll meter (SPAD-502, K&nicjiseaqe was finally brought under control after @eks of

Minolta Sensing Inc., Osaka, Japan). Measureme®PaD
value was done on the youngest fully expanded Mafber
of panicles per plant and plant height were reabrée
maturity.

2.3. Dry Matter and Grain Yield

spraying with fungicide. This probably masked tflect of
the various treatments and also resulted in graeidy
reduction.

3.3.2011
3.3.1. Effect of Treatments on SPAD Values

At maturity, an area of 2.07per treatment was demarcated Figure 1 shows changes in SPAD values in 2011. SPAD

and harvested. Yield components (grain and stowene
measured and vyield per hectare estimated. Thestgtati

values increased significantly for all the treatitseup to the
second week. SPAD value for the 90-60-60 kg MNOsP
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K,O/ha treatment increased significantly over all tibker
treatments in the third week but declined steadilying the
fourth and fifth week. SPAD value for this treatrhagain
increased significantly to above 45 after 60 kg d\ihas
applied in the fifth week. 4.0 t/ha PM + 30 kg N/uwad 2.0
t/ha PM + 30 kg N/ha treatments showed similardres

In 2011 plant height was similar for all the treafits (Table
5). Number of panicles/plant however varied siguaifitly
between treatments. Sole poultry manure applieglGt/ha
and 4.0 t/ha gave plants with lower number ofrsliplant than
sole mineral fertilizer and 2 t/ha PM + 22.5-15kKtEN: P205:
K20/ha (Table 5) probably due to initial slow redeaof

90-60-60 kg N: BFOs: K,O/ha. SPAD values for sole PM at 6.0nutrients during tillering. Number of panicleg/nstover and

t/ha and 4.0 t/ha showed a decline from above #@eisecond
week to below 40 in the eighth week. The amountimbgen
and rate of mineralization when PM was applied .attfha

grain yields are also presented in Table 5. Numbier

panicles/r were significantly higher under 90-60-60 and 2.0

t/ha PM + 22.5-15-15 kg N:,Bs: K,O/ha than PM applied at

was probably not enough to provide adequate amouaints 2.0 t/ha + 30 kg N/ha and 4.0 t/ha + 30 kg N/ha. &iglied

nitrogen for the plants in the eighth week heneedécline in

SPAD value. According to [8], SPAD value is the mospanicles/m than all the other treatments. Stover yield was

important growth character. The SPAD value refleetsient
(especially nitrogen) availability in the soil aitd influence
on plant growth. Thus high nitrogen content in 8960-60
kg N: P205: K20/ha treatment largely explains whHBAD
values are generally higher for the 90-60-60 kgRRO5:
K20/ha treatment followed by 4.0 t/ha PM + 30 kdp&land
2.0 t/ha PM+ 30 kg N/ha treatments. Lower SPAD ealfor
6.0 t/ha PM, 4.0 t/ha PM and 2.0 t/ha PM+ 22.5-35%d N:
P205: K20/ha is partially due to lower amount chwhilable
for the growing plants.

3.3.2. Yield Components and Grain Yield

6.0 t/ha and 4.0 t/ha gave significantly lower nemiof

similar for all the treatments but grain yield v&gnificantly

lower under sole PM than 90-60-60 and 2.0 ttha PM +

22.5-15-15 kg N: BOs: K,O/ha. As photosynthesis is
enhanced the greener the leaves become. Hence SIBA®
values mean high production of photosynthates. éli@PAD
values for sole mineral fertilizer and mineral/argafertilizer
combinations partly explains higher number of plsiplant
and number of paniclesfmthan sole poultry manure
treatments. Availability of photosynthates may emeand
sustain tiller production which may result in difeces in
grain yield.

Table 2. Initial soil properties.

. TC oM TN Avail. P Ca Mg K EA ECEC
Depth (cm Soil H x
epth (cm) (gkg) (mgkg ) cmol(1)/kg)
0-20 4.9 7.5 11.3 0.8 8.5 2.30 1.40 0.30 0.75 4.85

EA:-exchangeable acidity

Table 4. Effect of treatment on selected yield parametersin 2010.

Treatments Height (cm) Number of panicles/plant Grainyield (t/ha)
6 t/ha PM 59 2.7 3.3
4 t/ha PM 58 3.0 3.3
4 t/ha PM + 30 kg N/ha 58 2.7 3.7
2 t/ha PM + 30 kg N/ha 60 2.7 4.3
2 t/hha PM + 22.5-15-15 kg Ni®s:K,O/ha 59 2.7 4.2
90-60-60 kg N:ROs:K,0/ha 60 3.0 3.3
LSD (0.05) 4.6 1.1 1.9
=—t=—0t PNV|/ha —=—4 t PM/ha
o0 —s— 4t PM/ha+30kg N/ha 2 t PM/ha +30kg N/ha
s 2 t/hia PM + 22.5-15-15 kg N:P205:K20/ha —— 90-60-6? N-P205-K20 kg/ha
25 . o
Application of N
T\ pplication o r/'-r' A
50 ,,-"lh"' T where apicabte : “_l ~ l
i ~—n n .
Sas =
g
(]}
x40 -
2]
a5
30
25
1 2 3 4 5 6 7 8
weeks after transplanting

Figure 1. Effect of treatments on changes in SPAD values with time.
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Table 5. Effect of treatments on rice growth and yield in 2011.

. No. of Number of No. of Sover yield Grainyield
UL Plant height (€m) o ygme paniclesplant paniclesm? (t/ha) (t/ha)
6 t/ha PM 131a 25.0a 2.7b 185c 5.7a 4.7b
4 t/ha PM 133a 25.0a 3.0b 200c 4.5a 4.8b
4 t/ha PM + 30 kg N/ha 133a 25.0a 3.7ab 235b 5.2a 6.1ab
2 t/ha PM + 30 kg N/ha 132a 25.0a 3.7ab 235b 5.3a 5.3ab
m:g:xc;’/ﬁ:B'lE"ﬁ K9 1344 25.0a 43a 265a 5.6a 6.4a
90-60-60 kg N:FO5x,c/ha 132a 25.0a 4.7a 285a 5.9a 6.5a

Within a column figures followed by the same ledtare not significantly different by a margin oé tstandard error.

3.4. 2012: Residual Effect of Treatments

3.4.1. Residual Effect of Treatments on SPAD Values

In 2012 changes in SPAD value during the growthhef
plants are presented in Figure 2. SPAD values siengar in
the second week due to application of 10 kg N/haltplots.
After the second week SPAD values started declibingat
different rates. SPAD values fell to the lowestlen the fifth
week during which additional 20 kg N/ha was appliedll
plots. This raised the SPAD values of plants grawain plots
that earlier received 4.0 t/ha or 6.0 t/ha PM terod5 in the
sixth week. SPAD values again started decliningrafte sixth
week showing similar trend as observed betweers¢icend
and fifth weeks. Plants growing on plots that reedi6 t/ha
PM had SPAD values above 40 up to the eighth week
growth. This was followed by plants on plots thateived 4
t/ha PM showing values above 35. The residual eftéc
mineral fertilizer was less effective in maintaigihigh levels
of SPAD values. SPAD values fell to below 25 foanik
growing on plots that received only mineral fertli (Figure
2). Gradual release of nutrient over a longer geréspecially

nitrogen, by the manure explains the observed treiigher
SPAD values

3.4.2. Residual Effect of Treatmentson Yield Components
and Grain Yield

The residual effects of each treatment on yield mmments
are presented in Table 6. Number of panicles/pkamd
number of panicles/frwere significantly higher for 6.0 t/ha
PM, 4.0 t/ha PM and 4.0 t/ha PM + 30 kg N/ha thatn& PM
+ 22.5-15-15 kg N: s K,O/ha and 90-60-60 kg N:
P,0s:K,0O/ha but similar to 2.0 t/ha PM + 30 kg N/ha. Pault
manure at 6.0 t/ha, 4.0 t/ha and 4.0 t/ha + 30 KtpNave
significantly higher grain yield than the otheramments (2
t/ha PM + 30 kg N/ha, 2 t/ha PM + 22.5-15-15 kgPOs:
&,0/ha and 90-60-60 kg N:,©s5: K,O/ha). This implies that
at 4.0 t/ha PM and above, optimum grain yield caolxained.
Organic fertilizer (poultry manure) showed a betiesidual
effect than mineral fertilizer. This observationpparts the
findings of several authors [4; 8; 9 ]. PM is tHere an
important source of plant nutrient for effectiveariproduction
for poor resource farmers.

&0 e G £ PM/ha
—i—4 t PM/ha+30kg N/ha
35 = ) t/ha PM + 22.5-15-15kg N:P205:K20/ha
50
10 kg N/haapplied
o B
S
B
i~ 40
=T
7
35
30
25 25
20
1 2 3 4

weeks after transplanting

i 4 t PM/ha

e 2 t PM/ha +30kg N/ha
#=—50-60-60 N-P205-K20 kg/ha

20 kg N/ha applied

Figure 2. Residual effects on changesin SPAD values with time.

Table 6. Residual effect of treatments on rice yield.

. Number of No. of Sover yield Grainyield
Treatment Plant height (cm)  No. of tand/m2 paniclesplant paniclesm2 (t/ha) (t/ha)
6 t/ha PM 125a 25.0a 3.0a 200a 6.8a 5.8a
4 tlha PM 122a 24.3a 3.0a 194a 6.4ab 5.3ab
4 t/ha PM + 30 kg N/ha 121a 24.3a 3.0a 194a 6.7a 5.6a
2 t/ha PM + 30 kg N/ha 121a 24.7a 2.7ab 183ab 5.8bc 4.6¢
ilifg;x&ﬁ:'s'm'ls kg 122a 24.7a 2.3b 163b 5.7bc 4.7bc
90-60-60 kg N:ROs:K,O/ha  125a 24.0a 2.3b 158b 5.4c 4.4c

Within a column figures followed by the same ledtare not significantly different by a margin o tstandard error.
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3.5. Mean Grain Yield

Mean grain yield for the three years is presemdegure 3.
The mean grain yield for the treatments 4 t/ha P&0+kg
N/ha and 2 t/ha PM + 22.5-15-15 kg N: P205: K2QO/eae
significantly higher than all the other treatmemarticularly
the 4 t/ha PM + 30 kg N/ha treatment gave condigiesin
yield of above 5.0 t/ha for 2011 and 2012. Mindeatilizer
and poultry manure combinations was more efficient
increasing rice yield.

4. Conclusion

Poultry manure is a cheaper and an alternativdiZarg
material that can enhance rice production. Intégggtoultry
manure and mineral fertilizer provides a more &ffit means
of improving and sustaining rice yield. 4.0 t/ha PI40 kg
N/ha and 2 t/ha PM + 22.5-15-15 kg N K,O/ha gave a
significantly higher mean yield for the 3 years.n&elly all
the combinations gave similar grain yield as 90660kg N:
P,Os: K,O/ha.

8 m2010 w®2011 = 2012 ® Mean
7 !
6 I I
=
B 4
=
% 3
o '
1)
2 i
1 4
0 1 k e - s
6t PM/ha 4t PM/ha 4tPM/ha+30kg  2tPM/ha+30kg 2 t/ha PM+22.5-15 90-60-60 N-P205-
N/ha N/ha 15kg K20 kg/ha
N:P205:K20/ha

Figure 3. Mean yearly grain yield for the various treatments.
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