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ABSTRACT

Irish potato is among the most important tuber srppduced in Rwanda and is among priority
crops on which the national programme of intenatfan and development of sustainable
production systems is primarily focused, but satiayield is still below the genetic potential. A
field experiment was therefore conducted to ingesé the effect of timing and methods of
mineral fertilizer (N.P.K 17-17-17) application gmowth, yield and yield components of Irish
potato - cruza variety in Kibeho (Nyaruguru Disriand Kinigi (Musanze District) during the
long rainy season (mid-February - June) of 201 &xperiment was laid out as a RCBD with
a factorial arrangement, and replicated three timidse factors were timing of fertilizer
application (T); (i) T1-100% of the fertilizer applied at planting timdii) T, . 50% of the
fertilizer applied at planting and the remaining/®@pplied at weeding time (two weeks after
emergence) (iii) T. 75% of the fertilizer applied at planting and 2%a%weeding time (iv) 7-
50% of the fertilizer applied at planting and 50% earthing up time (four weeks after
emergence) and (V)sF 75% of the fertilizer applied at planting and2%at earthing up time and
methods of fertilizer application {Fat two levels; (i) localised placement; Fand (i) row
banding (k). The treatments werey R, FT,, FiTs FT4, F Ts, R T1 FT,, RTs, T4 and
F,Ts. Agronomic parameters; emergence rate, numbehadts per plant, stem height, canopy
cover, number of tubers per plant, tuber gradestahdr yields, and soil chemical properties
(soil pH, organic carbon, total nitrogen, availapleosphorus, exchangeable bases and CEC)
were measured. Regarding times of applicationctbp performed better in split than in single
fertilizer application with potato yields (14.72h&" at Kibeho and 17.00 t Haat Kinigi) and
yield components being significantly higher ipdcross fertilizer application methods. The Irish
potato yields (13.81 t Haat Kibeho and 16.09 tHaat Kinigi) and yield components were
significantly higher with localised placement,Ehan row banding (ff across the fertilizer
times of application. The correlation between stesght, canopy cover and number of tubers
per plant with tuber yield was positive and sigrafit. Timing and methods of fertilizer
application and their interactions had no significaffect (P>0.05) on the measured soil
chemical properties. For enhanced Irish potato yotdn, fertilizer should be applied in two
splits, with the second portion applied at weeding (two weeks after emergence), and using

localized fertilizer placement method.
Xiv



CHAPTER 1
1.0 Introduction
1.1 Background of the study

Irish potato Solanum tuberosum )Lis grown and eaten in more countries than angrothop
and in the global economy it is the fourth most ami@nt crop after maize, rice and wheat
(Stephen, 1999). Irish potato, has a longstandistpity in human nutrition. The crop is fairly
new to Sub-Saharan Africa (SSA) where it was intoedl in the 19 Century. Compared to
other tuber crops, Irish potato has the highesteproto calorie ratio, and it is the highest
producer of energy per hectare per day. The crapgapted to a cool moist climate, and grows in
the high altitudinal ecosystems of SSA where rdlingawell distributed for 3—4 months (CIP,
1982). In Sub-Saharan Africa, potatoes have becameeferred food in urban areas, and an
important staple and cash crop in highland prodactzones of Cameroon, Kenya, Malawi,
Nigeria, Rwanda and South Africa (FAO, 2006).

Irish potatoes have been cultivated in Rwanda farly a century, and most accounts trace
introduction of the crop to the arrival of Germaissionaries in the late 19th century (Scott,
1988). The Irish potato falls in the category ofopty crops to be promoted in Rwanda’'s
farming zones where prevailing agro-ecological ¢omas match with Irish potato production
requirements and subsequently considered as $taqgleand major source of revenue for people
(MINAGRI, 2009). Potatoes grow well in several gast the country mainly above elevations of

1800 m above sea level and some areas grow tweeartaree crops a year (MINAGRI, 2009).

The potato underpins Rwanda's food securit, arideérorder of main food crops ranking comes
fourth; banana (62.5%), sweet potatoes (17.9%)savas (4.5%), Irish potatoes (4.3%), pulse
(beans and pea, 3.9%), sorghum (2.9%), maize (1.4#6) the rest are paddy, wheat, soybean
and groundnuts (MINAGRI, 2009). In Africa, Rwanda currently classified among good
producers of Irish potato with a general averagédyof 9 t/ha over the whole country and more
than the double is the average in Northern RwaRrd®STA, 2007). This yield is however still
very low compared to that reached in Uganda (2& ¢/ research station and 14.5 t/ha under
farm conditions), Egypt (25 t/ha under farm commh) and South Africa (34 t/ha under farm
conditions) (Ferris, 2003), also in the USA (3Gj/and in Germany (33 t/ha) (FAO, 2008). This
1



yield gap shows that there is even more room f@ravement. This means that potential still

exists for improvement of productivity.

Much investment has been made in research andageweht in an effort to improve Irish potato
productivity of smallholder farmers. These effonave focused on different aspects such as
comparing different methods of fertilizer applicativs broadcasting, placement and banding in
Islamabad (Pakistan) (Mahmoed al, 2002); reviewing and summarizing potato feratinn
research in Florida (Hochmuth and Hanlon, 2000)terd@ning the most advantageous
placement in which commercial fertilizers may b@laga with respect to the potato seed piece
(Cumings et al, 1939) and assessing the effect of source, tingk rarthods of nitrogen

application on growth and yield components of potatKenya (Gathungat al, 2000).

In Rwanda, research focused on some agronomiciggacRegarding fertilizer application, the
recommende rates are 30 t/ha of FYM and 0.3 t/hd.BfK 17-17-17 applied at ploughing and
planting times, respectively. The recommended nuttod fertilizer application are broadcasting
and hole placement for FYM and N.P.K, respectivédhfNAGRI, 2010). The recommended

spacing is 39 70 cm with potential to be adapted to variety] aod weather conditions. The

planting depth is around 10 cm (MINAGRI, 2010). pies the efforts, the productivity of Irish

potato farmers in Rwanda still really low (9 t/aa average). The irish potato yield and yield
components obtained are still below the genetieqt@l. This means that potential still exists for
improvement of productivity by proper use of inpstsch as fertilizers.The improvement of
fertilizer use efficiency, by proper timing and hitgplacement of mineral fertilizer may be the

key to improve the crop performance under cromisifecation system and in sustainable way.

1.2 Problem statement

In Rwanda, agriculture accounts for more than 90fothe labour force, yet remains
unproductive and largely practiced on a subsistéad with farmers owing less than 1 hectare,
which is too small to earn a living (Ministry ofrfdince and Economic Planning, 2000). This
results in intense exploitation of the land, witb simultaneous application of corrective
measures, most notably through fertilizer use. Tie¢ result has been a decline in land
productivity and massive environmental degradaticontributing to rampant malnutrition

amongst the Rwandan population (Ministry of Finaand Economic Planning, 2000). Keky
2



al. (2002) estimated that less than 5% of farmers exséiZer on less than 3 percent of cultivable
land area in Rwanda. The current fertilizer appitccarate in Rwanda is among the lowest in
Africa and on average amounts to a mere 8 kilogramsutrients per hectare (Kellgt al.,
2002).

According to Gossens (2002he sub-optimal Irish potato yields, in Rwandae eaused by lack of
knowledge about good cultural practices in genarad inappropriate and low use of mineral
fertilizer and herbicides in particular, among otlfecors. He also said that poor crop-husbandry,
harvesting and post-harvesting technology is thpmn@nstraint for Irish potato chain development
on supply side. According tdalerie et al. ( 2001), one of the cause of the limited use of naiher
fertilizer in Rwanda is insufficient knowledge diet benefits and of how to use the mineral
fertilizers ( information got from 53% of the 88%hw were non-users, which represents 47% of
all farm households). Mellor (2001) indicated tlbae of the requirements for rapid growth of
Irish potato production is improvement of produstitechnology to optimizer fertilizer use
efficiency. The author continued by saying thatHrpotato production can grow quickly due to
its high response to fertilizer, and if farmersably have enough knowledge of fertilizer use and
improved crop husbandry

One of the challenges of Irish potato productios, vath any other crop, is the efficient
management of fertilizers in general, and nitrofggtilizers in particular. N is the most limiting
factor in crop production (Stark and Love, 2003 &velstermann, 2005). Potatoes are especially
sensitive to N deficiencies and excesses (Stark lanak, 2003). In Rwanda, fertilizer use
effectiveness is low since the quality and quansityinformation available on fertilizer use
(application rate, application time, applicationthwals, plant nutrient ratios) is inadequate and
most farmers are unable to afford or access thepmsEimensive package of complementary
practices needed to get the most out of the festil(e.g., improved seeds, diseases and pests

management, water management, ...)(MINAGRI, 2009).

Greater synchrony between crop demand and nusigoply is necessary to improve nutrient
use efficiency, especially for N. Split applicatsoof N during the growing season, rather than a
single, large application prior to planting, areokm to be effective in increasing N use

efficiency (Cassmarmt al, 2002). Application method has always been @iitia ensuring if
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fertilizer nutrients are used efficiently. Determnig the right placement is as important as
determining the right application rate. Placemertisions depend on the crop and soil
conditions, which interact to influence nutrienttale and availability (Roberts, 2008). In
Rwanda, relatively very little work has been catraut on fertililiser use efficiency in general,
and on lIrish potato fertilizer use efficiency undéfferent soils and climatic conditions in

particular.

1.3 Justification of the study

Increased and efficient fertilizer use can helpersg the declining trends in per capita crop
production experienced in many SSA countries, withdvaving adverse environmental
consequences (Bumb, 1991). Adequate and timeliliZertapplications will not only supply
necessary nutrients and improve crop yields, biltalso provide relatively higher amounts of
crop residue, which can be used as organic mattamprove soil health and prevent soil
degradation (Bumb 1991). Given the low levels dfilieer use in SSA and the contribution of
fertilizers to increasing crop yields and land praivity, the increased judicious use of
fertilizers has great regional potential for boogtfood production and promoting agricultural
development (Mwangi, 1996). The increased and jadg use of fertilizer is necessary to
achieve sustainable increases in agricultural pridty necessary to meet the CAADP target of
8 percent annual agricultural growth and achiewe fitst Millennium Development Goal of
halving poverty and hunger by 2015 in Rwanda (MINAG2009).

To contribute to food security and sustainable potidn system through Irish potato production
performance, many options are possible and onlkeenfi ttan be defined in terms of fertilizer use
efficiency improvement: optimizing profit and pradion per unit area without compromising
environmental sustainability. The determination apipropriate time and method of mineral
fertilizer (N-P-K, 17-17-17) application, case betstudy, is expected to contribute significantly
to enhanced irish potato performance.

Efficient fertilization is synonymous with the mimization of nutrient losses to the environment,
without sacrificing crop yields. Careful attentiotust be paid to all aspects of product quality to

maximize the efficiency of fertilization. Excesstnents, especially nitrogen, not taken up by the



crop, are likely to be lost to the environment. e fertilization means over-fertilization
(pollution) of some areas, under-fertilization @osf yield/quality) of others. Thus, the
synchronization of nutrients availability and potatemand, through right time and method of
fertilizer application, is recommended to optimigeld, tuber quality, and mineral nutrient
efficient use without threatening sustainabilitytbé system. Therefore, the study was significant
because it was carried out to find out the rightetiand method of mineral fertilizer application

leading to Irish potato production performance waRda.

Adoption of the study findings is expected to epabish potato growers to match fertilizer

application to crop requirement and to match sappdy to crop requirement spatially and
temporally. By fertilizer use efficiency, farmersillwcontribute to soil and environment

improvement and conservation, integrated nutrieanagement, yield and income increase,
family and national economy improvement. Brieflyeyhwill enable the country to meet the
millennium goals: to alleviate or to eradicate nudilition, hunger and poverty.

The findings of this study were to benefit sevagadups of people. The communities of Irish
potato growers may benefit by being empowered ttaguably exploit their environment and
other resources thereby improving their economatust The findings of the study also benefit
the government agricultural research and extensewices and other extension providers by
identifying appropriate time and method of mindeatilizer application on Irish potatoes. Policy
makers in the government may benefit as they m&y ade findings to set policies aimed at Irish
potatoes production and performance thus contributo overall food security. Also policy
makers, private sector and NGOs will be convincedhe findings of the study to invest more
and under no or less economical risks in infrastmecand other sectors in favour of production

of Irish Potatoes.



1.4 Objectives

1.4.1 Overall objective

To contribute towards enhanced irish pot&@olanum tuberosum, Cruza variepgrformance in

Musanze and Nyaruguru Districts (Rwanda) througickyonized timing and method of mineral

fertilizer application.

1.4.2 Specific objectives

To assess the effect of timing and methods of ralrfertilizer application on selected
soil chemical properties (soil reaction, organicrboa, total nitrogen, available
phosphorus, exchangeable bases and cations excltapgeity), under Irish potato
production.

To evaluate the effect of fertilizer application timeds on Irish Potato (Cruza variety)
performance.

To assess the effect of timing of fertilizer apation on lIrish Potato (Cruza variety)

performance.

1.5 Hypotheses

Timing and methods of mineral fertilizer applicatianfluence selected chemical
properties (soil reaction, organic carbon, totaltragien, available phosphorus,
exchangeable bases and cations exchange capa€titiyeosoil under Irish potato
production.

Mineral fertilizer application methods enhanceHrotato performance.

Timing of mineral fertilizer application improvelse performance of Irish potato.



CHAPTER 2
2.0Literaturereview

2.1 Plant nutrition and fertilizer use

Plants use inorganic minerals for nutrition, whetip@wn in the field or in a container. Complex
interactions involving weathering of rock mineraldgcaying organic matter, animals, and
microbes take place to form inorganic mineralsaih. 20ots absorb mineral nutrients as ions in
soil water. Many factors influence nutrient uptdke plants. lons can be readily available to
roots or could be "tied up" by other elements @& $bil itself (Jones and Jacobse2z001). A
large number of diverse materials can serve axesuwf plant nutrients. These can be natural,
synthetic, recycled wastes or a range of biologmaducts including microbial inoculants.
Nutrient sources are generally classified as omganineral or biological (FAO, 2006).

2.1.1 Fertilizer use

() Fertilizer usein Africa and agricultural productivity

Soil nutrient depletion is a common consequenceno$t African agriculture (Smaling 1993).
Improved organic techniques of nutrient supply willdoubtedly contribute to future soil health
and productivity, but relying only on nutrient reting, however efficient, will not generate the
food-production increases required in sub-Saharfaca nor will restore depleted soils (Janssen
1993). For the foreseeable future, the environmerdasequences of continued low use of
fertilizers through nutrient mining and increasest wf marginal lands are more inevitable and

devastating than those anticipated from increaseiiZer use (Dudal and Byrnes 1993).

Mineral fertilizers must be included in any agricuél development strategy with a hope of
reversing Africa’s unfavorable food-production tien As a result of declining real prices over
much of the past century, fertilizer has been \iahe rapid increases in world crop production
(Tomich, Kilby, and Johnston, 1995). Since the m@&0s, 50-75% of the crop yield increases in
non-African developing countries have been attedub fertilizers (Viyas 1983). Fertilizers also
complement other major inputs and practices (éxgproved seeds, better water control) that

have had the greatest impact on yield (Heisey aneiig, 1996).



Although there has been some progress in agriallforoductivity growth in Sub-Saharan
African (SSA) during the past several decades,ectinproductivity growth lags far behind that
in other regions of the world and is well below tewth required to meet food security and
poverty reduction goals set forth in national aedional plans. A few statistics on cereal
production illustrate the point. SSA cereal yieldgeraged 1.1 tons/ha in 2000 while those in
Asia, Latin America, and the Middle East/North A&hi averaged 3.7, 2.8, and 2.7 tons,
respectively. SSA’s average annual growth in ceygalds from 1980-2000 was only 0.7%
whereas rates for other regions ranged from 12366. Growth in SSA cereal production per
capita during this period was stagnant, whereasethio other regions increased from 0.90 to
2.3%. In short, Africa has not yet experienced“@een Revolution” (Statistics from UN
Millennium Project 2005).

Soil scientists are quick to point out that sofisAfrica are inherently less fertile than in Asia
where the Green Revolution took place (Voortmamreweld, and Keyzer 2000). Low inherent
fertility is exacerbated by less favorable climdtew, poorly distributed rainfall and high
temperatures). The slow productivity growth is sotprising given SSA’s less favorable agro-
ecological conditions, plus lower investment inigation, and much lower use of fertilizer
(Vanlauwe et al., 2002). In every region of the world, the intensfion of crop-based
agriculture has been associated with a sharp isereathe use of chemical fertilizer. Given the
generally low levels of fertilizer use in Africahdre can be little doubt that fertilizer use must
increase in Africa if the region is to meet itsiagltural growth targets, poverty reduction goals,
and environmental sustainability objectives (Moatisl.,2007).

Low fertilizer use is one of the factors explainitagging agricultural productivity growth in

Africa. In 2002, the average intensity of fertiizase in Sub-Saharan Africa was only 8
kilograms per hectare of cultivated land, much low®an in other developing regions. Even
when countries and crops in similar agroecologrcales are compared, the rate of fertilizer use
is much lower in Africa than in other developingyiens, and crop yields are correspondingly
lower (Morriset al., 2007). African soils present inherent difficultifes agriculture, and land-

use practices during the past several decadesdxaeerbated those difficulties through nutrient

mining by crops, leaching, and inadequate erosantrol. Africa’s land degradation problems



can be attributed to many causes, but analystsrggnagree that a fundamental contributing
factor has been the failure by most farmers tongifg agricultural production in a manner that

maintains soil fertility (Morriset al.,2007).

(i1) N-Fertilizer application

Roy et al. (2006) recommended split application of N-fertiiz&hey said: “When part of the
total N is applied to young plants at the beginniadjpwed by one or two supplementary N
applications according to requirements, it resufishigher distribution and labour costs.
However, the N reserves of the soil &etter utilized, transient deficiencies are avojcdsad
fertilization can be betteadjusted to crop needs. The number of portionstgsph which the

total amounbf N is to be applied depends on several factors”.

Alberta (2002) found that placement with or veryanéhe seed is not necessary to ensure
effective utilization as nitrogen fertilizers arery soluble and move readily in moist soil.
According to the study, placement options that lsarconsidered include: broadcast, pre-plant
band, side-band or mid-row band at planting, aned s@w placement. Jones and Jacobsen
(2001) found that large differences in yield andaldy are generally not expected to be
influenced by varying N fertilizer placement metBotlecause nitrate is mobile in soils.
However, semi-arid conditions increase the likedithdhat placement may affect yield because

nutrient mobility decreases with lower soil watentent.

P-Fertilizer application

Research conducted by Reyal. (2006) achieved the following results: Localizédgement of
phosphorus fertilizers might include row, bandstiip placement. It is generally presumed that
a localized or band application reduces fertilizentact with the soil thereby resulting in less
phosphorus sorption and precipitation reactions, @ahds, enhanced availability to crops.
However, for soils with a high phosphorus-fixingpaaity, where phosphorus is relatively
immobile, placement of the fertilizer where roontarct is enhanced may be an equally or more
important mechanism than restricting fixation. Jaad Jacobsg2001) found that P should be
applied immediately before or at planting due soimimobility in soil. Besides they noticed that
top dressing of P is not expected to affect cregbdg because the P would likely become bound

near the soil surface and not migrate to the agtiy@wing root system.
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Alberta’s (2002) research led to the following fimgs. Phosphate fertilizers do not move readily
in soil-Placing the band of phosphate near devefpgieedling roots of annual crops is most
effective-Placement below the depth of seeding mmyrove availability under dry conditions
because the fertilizer is in a moist part of thet mone for a longer period of time than with seed
row placement-Broadcast-incorporated applicatiores lass effective than when fertilizer is
banded with or near the seed of annual crops- Basidpplication should be two to four times

the recommended rates for banding or seed rowcgtioln.

Roy et al(2006) focused their research on annual cropsfandd that overwhelming evidence
indicates that phosphorus fertilizers should Igrdee applied pre-plant. Also he noticed that
phosphorus moves to plant roots primarily by diffas and young seedlings of most annual
crops are very sensitive to phosphorus deficitsthieamore, yields of some crops often fail to
recover fully from transitory phosphorus deficitalberta (2002) focused his research on
established forages and found that response talbastapplications may be delayed owing to
the slow movement of phosphorus into the root zdhe. results showed that a greater response
may occur in the year following application thartte year of application. In case of a soil that
is very deficient in phosphorus, he recommendedadnd or incorporate phosphate before
seeding perennial forages. The research resultdonés Jacobsen (2009) showed that P
placement is expected to cause larger effects araRability and crop yield because unlike N, P

is relatively immobile in the soil.

K-Fertilizer application

Alberta (2002) found that potassium moves in thié more readily than phosphorus, but for
annual crops, potassium fertilizers are more effitiwhen drilled with the seed or banded. He
noticed that broadcast applications can be usedbaut twice the rate used for drill-in
application. Jones and Jacobsen (2009) found ffedte of K placement are expected to be
more than with N and less than with P as the mghdf K is intermediate between N and P.
Therefore, starter K, either broadcast, bandedplaced with the seed, has been shown to
increase yields.

Roy et al. (2006) found that the movement of Ky diffusion towards the roots is more rapid

when the concentration of 'Kin the soil solution has been increased and tkigais why K
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fertilizer placement in close proximity to the cropots often results in increased K uptake
efficiency. Therefore, K placement may help to tpat’ fertilizer K from being adsorbed or
‘fixed’ and rendered unavailable to crop plants digy minerals. Jones and Jacobsen (2009)
reminded that the efficient placement, splittingl aming of K fertilizers in coarse-textured,
sandy or highly weathered tropical soils with a Brcation exchange capacity can help to reduce

leaching losses and increase fertilizer recovefigiehcy (RE).

2.1.2 Nutrient Use Efficiency (NUE)

Given scarcities of suitable agricultural land @veral developing countries, there is no escape
from the necessity for a good part of the requipenduction increases to come by extracting
more output from each hectare cultivated. Thataggjculture will be becoming ever more
intensive. Obviously, what is required is interggtion that can keep threats to the resource base
and the wider environment within bounds not thnetg the sustainability of the system. This
indicator shows the potential environmental presdoom inappropriate fertilizer application
(Roberts, 2008). Intensive fertilizer applicatian linked to nutrient losses that may lead to
eutrophication of water bodies, soil acidificatiamd potential of contamination of water supply
with nitrates. The actual environmental effects| wi&pend on the adoption of nutrient losses
reducing commensurate with soil conditions and cymgdds under prevailing meteorological
conditions (Roberts, 2008).

Awareness of and interest in improved nutrient effeiency has never been greater. Driven by
a growing public belief that crop nutrients areessive in the environment and farmer concerns
about rising fertilizer prices and stagnant crojegs, the fertilizer industry is under increasing
pressure to improve nutrient use efficiency. Howeeéficiency can be defined in many ways
and is easily misunderstood and misrepresentednibefs differ, depending on the perspective.
Environmental nutrient use efficiency can be quiifferent than agronomic or economic

efficiency and maximizing efficiency may not alwayes advisable or effective (Roberts, 2008).

Agronomic efficiency may be defined as the nutseatcumulated in the above-ground part of
the plant or the nutrients recovered within thdrergoil-crop-root system. Economic efficiency
occurs when farm income is maximized from propex asnutrient inputs, but it is not easily

predicted or always achieved because future yideases, nutrient costs, and crop prices are
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not known in advance of the growing season. Enwiremtal efficiency is site-specific and can

only be determined by studying local targets vdbér to nutrient impact (Roberts, 2008).

Nutrients not used by the crop are at risk of losthe environment, but the susceptibility of loss
varies with the nutrient, soil and climatic condiits, and landscape. In general, nutrient loss to
the environment is only a concern when fertilizers manures are applied at rates above
agronomic need. Though perspectives vary, agronomident use efficiency is the basis for
economic and environmental efficiency. As agronorefticiency improves, economic and

environmental efficiency will also benefit (Rober2908).

Optimizing nutrient use efficiency

The fertilizer industry supports applying nutriemtisthe right rate, right time, and in the right
place as a best management practice (BMP) for aadgi@ptimum nutrient efficiency (Roberts,
2008).

Right rate: Most crops are location and season specific depgnoh cultivar, management
practices, climate, etc., and so it is criticaltthe@alistic yield goals are established and that
nutrients are applied to meet the target yield. rOwe under-application will result in reduced
nutrient use efficiency or losses in yield and coyality. Soil testing remains one of the most
powerful tools available for determining the nuttissupplying capacity of the soil, but to be
useful for making appropriate fertilizer recommetiaizgs good calibration data is also necessary.
Unfortunately, soil testing is not available in alktgions of the world because reliable
laboratories using methodology appropriate to losalls and crops are inaccessible or
calibration data relevant to current cropping systeand yields are lacking. Other techniques,
such as omission plots, are proving useful in detgang the amount of fertilizer required for

attaining a yield target (Witt and Doberman, 2002).

Right time:greater synchrony between crop demand and nusigqly is necessary to improve
nutrient use efficiency, especially for N. Splitpiipations of N during the growing season,
rather than a single, large application prior tanfihg, are known to be effective in increasing N
use efficiency (Cassmaet al, 2002). Tissue testing is a well known methoddugeassess N

status of growing crops, but other diagnostic tauks also available. Chlorophyll meters have
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proven useful in fine-tuning in season N managentErancis and Piekielek, 1999) and leaf
color charts have been highly successful in guidipit N applications in rice and now maize
production in Asia (Witet al, 2005). Precision farming technologies have ohiiced, and now
commercialized, on-the-go N sensors that can bpleduvith variable rate fertilizer applicators
to automatically correct crop N deficiencies on ite-specific basis. Another approach to
synchronize release of N from fertilizers with croged is the use of N stabilizers and controlled
release fertilizers. Nitrogen stabilizers (e.g.frapyrin, DCD [dicyandiamide], NBPT [n-
butylthiophosphoric triamide]) inhibit nitrificatro or urease activity, thereby slowing the
conversion of the fertilizer to nitrate (Havliet al, 2005). When soil and environmental
conditions are favorable for nitrate losses, treathwith a stabilizer will often increase fertilize
N efficiency. Controlled-release fertilizers candreuped into compounds of low solubility and
coated watersoluble fertilizers. Most slow-reledssdilizers are more expensive than water-
soluble N fertilizers and have traditionally beesed for high-value horticultural crops and turf
grass. However, technological improvements haveuaedl manufacturing costs where
controlled-release fertilizers are available foe us corn, wheat, and other commodity grains
(Blaylock et al, 2005).

Right place:application method has always been critical irueng fertilizer nutrients are used
efficiently. Determining the right placement isiagportant as determining the right application
rate. Numerous placements are available, but meserglly involve surface or sub-surface
applications before or after planting. Prior torpiag, nutrients can be broadcast (i.e. applied
uniformly on the soil surface and may or may notifeorporated), applied as a band on the
surface, or applied as a subsurface band, usuaty?® cm deep. Applied at planting, nutrients
can be banded with the seed, below the seed, awlsid to the side of the seed. After planting,
application is usually restricted to N and placetmean be as a top dress or a subsurface
sidedress. In general, nutrient recovery efficieteryds to be higher with banded applications
because less contact with the soil lessens thertymsy for nutrient loss due to leaching or
fixation reactions. Placement decisions dependerctop and soil conditions, which interact to

influence nutrient uptake and availability (Robe&808).
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Plant nutrients rarely work in isolation. Interacts among nutrients are important because a
deficiency of one restricts the uptake and usenotlrer. Numerous studies have demonstrated
that interaction between N and other nutrientsnprily P and K, impact crop yields and N
efficiency. For example, data from a large numbfemalti-location on-farm field experiments
conducted in India show the importance of balaneetilization in increasing crop yield and
improving N efficiency (Roberts, 2008). Adequate &mlanced application of fertilizer nutrients
is one of the most common practices for improvimg ¢fficiency of N fertilizer and is equally
effective in both developing and developed coustrie a recent review based on 241 site-years
of experiments in China, India, and North Ameribalanced fertilization with N, P, and K
increased first-year recoveries an average of 5dftpared to recoveries of only 21% where N

was applied alone (Fixeat al.,2005).

Efficiency and effectiveness

Improving nutrient efficiency is an appropriate bdar all involved in agriculture, and the
fertilizer industry, with the help of scientistscaagronomists, is helping farmers work towards
that end. However, effectiveness cannot be sagdfior the sake of efficiency. Much higher
nutrient efficiencies could be achieved simply kacrdficing yield, but that would not be
economically effective or viable for the farmer,the environment. This relationship between
yield, nutrient efficiency, and the environment walsly described by Dibb (2000) using a
theoretical example. For a typical yield responseve, the lower part of the curve is
characterized by very low yields, because few aatg are available or applied, but very high
efficiency. Nutrient use efficiency is high at aMoield level, because any small amount of
nutrient applied could give a large yield respomseutrient use efficiency were the only goal, it
would be achieved here in the lower part of thédymirve. However, environmental concerns
would be significant because poor crop growth mdass surface residues to protect the land
from wind and water erosion and less root growtbuid soil organic matter. As you move up
the response curve, yields continue to increabejtadt a slower rate, and nutrient use efficiency

typically declines.

The relationship between efficiency and effectivssneas further explained when Fixen (2006)

suggested that the value of improving nutrientefeiency is dependent on the effectiveness in
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meeting the objectives of nutrient use, objectigegh as providing economical optimum
nourishment to the crop, minimizing nutrient losgesn the field, and contributions to system

sustainability through soil fertility or other sajuality components.

2.1.3 Combined application of organic and mineral inputs

Organic inputs contain nutrients that are releaded rate determined in part by their chemical
characteristics or organic resource quality. Howewwganic inputs applied at low rates
commonly used by smallholder farmers in Africa setdrelease insufficient nutrients for
optimum crop yield. Combining organic and minenaputs has been advocated as a sound
management principle for smallholder farming in tlepics because neither of the two inputs is
usually available in sufficient quantities and hesz both inputs are needed in the long-term to

sustain soil fertility and crop production (Vanlaenand Zingore, 2011).

Giller (2002) realized that it is important to coimdéd mineral and organic sources of nutrients to
get the full advantages of both sources. Vanlaetnad. (2001), indicated that combining mineral
fertilizer with organic inputs can substantiallygrove agronomic efficiency of the nutrients
compared to the same amount of nutrients appliedigin either source alone.

Cadischet al. (1997) found that combined application resultsniplioved agronomic efficiency
for a number of reasons. First, common minerallifagts lack the minor nutrients essential for
crop growth, organic resource contain these, bumhéet the crop’s major nutrient requirements
(N, P and K), often excessive application ratesréntban ten tons of dry matter per hectare) are
required if those organics are the only input asd efficiency of nutrients applied through
organic materials alone is often low. Second, almoation of mineral and organic sources
results in a general improvement in soil fertiliatus (Okalebet al. 2003). Nziguhebat al.
(2000) proved that an increase in soil organic enatbntent enables improved nutrient retention,
turnover and availability; particularly P availabjlis enhanced by organic residue application.
Organic amendments also counteract soil acidity Anixicity (Pypers,et al., 2005). Hudson
(1994) concluded that soil structure is improveal| srosion is reduced, water infiltration and
storage become better and root development is wegrothrough organic amendment

application.
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2.2 Production and utilization of Irish potato

Irish potato,Solanum tuberosurh., was introduced into Europe from the Andes ie 8"
Century from where it spread to Africa in the™@entury through the activities of European
missionaries, and it remained an elitist food fmme time. The introduction of potato in Central
Europe started by Spain, moved through Italy amd leached Germany; it was accelerated by
the problems of the hunger (famine) resulting frtma Second World War. The potato was
introduced into other parts of the World by missioes and colonial political powers of Europe.
It is within this framework that North America rexed this crop coming from England; British
church men brought Irish potato to many parts abAk reached China around the years 1700
coming from Indonesia. Irish potato had firstly beatroduced in North Africa due to its
proximity to Europe. Many African governments hareouraged the production of potato such

that the crop is an important commodity of interinatle (Ochigbet al, 1989).

In Rwanda, the potato was introduced around 190&dxynans and its official introduction took
place in 1930 by the Belgian administrators. li#tato found favorable soils especially in areas
of high altitude. In the beginning Irish potato wamsidered as a food of the Belgian colonialists

and was integrated only very slowly in the tradiibagricultural systems (MINAGRI, 2009).

2.2.1 Importance of Irish potato
I mportance of Irish potato in theworld

Irish Potato occupies the fourth place after ngbheat and corn in the world and it is the only
tuber produced in high altitudevhere it generates income to producers. Irishtpotas an
economic advantage compared to other crops. Thvbysit is widespread in the world. Indeed it
is a culture having a relatively short vegetativele. It is also a cash crop due to its relatively
high yield. Irish potato does well in cold areashwheavy rains where conditions are not
appropriate for other tubers (Ochigbbal, 1989).

Importance of Irish potato in Rwanda

Irish potato plays a significant role in the nudnt of Rwandan population, both urban and rural.
The potato is concentrated in the zone of highualés. This zone has a surface area of 574.450

ha (around 22% of the national agricultural surfades zone produces 95 % of Irish potato
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nationally, the remainder being produced on thesamwhere this crop is less adapted. The
importance of this crop is shown on the one hagdhb fast growth of its production during the
last few years and by the evolution of its consuomptind marketing on the other hand.The
production of Irish potato was for a long time lawtil the creation of ISAR in 1962. Rwanda’s
main food crops in terms of production are band&fa506), sweet potatoes (17.9%), cassava
(4.5%), Irish potatoes (4.3%), pulse (beans and p&&o), sorghum (2.9%), maize (1.4%), and
the rest are paddy, wheat, soybean and grounddli$AGRI, 2009).

2.2.2Irish potato production

() Time of planting

The time of planting depends on the onset of rgl@)ting should commence at least 1-2 weeks
after the onset of the steady rains. Late plarghnguld be avoided as the crop tends to come into
full flush during the peak of blight incidence (Ogio et al.,1989).

(i)  Typeof sail

Potato is suited for a wide variety of soil typen Wleal potato soil is deep, well drained, has silt
loam or a sandy loam texture and is slightly aci@igch soils can store a large amount of water
without becoming saturated or muddy. They are dasyork and they respond to good
management. However, any soil will become unpradeainder bad management. Therefore,
regardless of soil type, it is necessary to mamnsail fertility, keep good soil structure and
control erosion (Ochigbet al.,1989).

(i)  Rotation

Potato should be grown in rotation with other crdps not advised to grow potato on the same
soil of which potato or other solanaceous (tompépper, garden eggs, etc.,) were grown during
the two previous years so as to reduce incidenseibborne diseases such as bacterial wilt and
nematodes (Ochigbet al, 1989).

(iv)  Land preparation

Soil tillage, seedbed preparation and ridging Wwél done in such a way that quick emergence,
deep root penetration and good drainage are inslRethto has a weak root system and

impermeable layers in the soil impede water andienit uptake and reduce yield. Good land
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preparation can be achieved by the use of the hoeactor-drawn implement. Efforts must be
made to break clods as they interfere with potatergence and root development. Good soaill
preparation minimizes initial weed problems. Ridgbsuld be prepared (75-90cm) as soon as
the rains begin. In the case of dry seasons, trogaidges should be prepared when the soil is
moist. If beds are used, care should be exercs@&mhgure that tubers are not exposed to avoid
greening (Ochigbet al., 1989).

(v) Seeding rate and seed size

Potato yields are proportional to seed size up pwmiat. Very small or extremely large tubers
should therefore not be used for planting. The meuended seed sizes are those between 35-
50mm or 30-60g. Spacing should vary according toetias and ecological conditions. But
70cm between rows and 30dmetween crops is considered as reference. Thiguwaent to
47619 plants/ha. Plant one seed-tuber per holatiRdpdepth should be about 10cm. Deep
planting or too shallow planting should be avoig@dhigboet al.,1989).

(vi)  Fertilizer application

Nutrient demands of potato, like other tuber/roaips, are high. Highest uptake of nitrogen,
phosphorus and potassium occurs during early staigesh potato development. Old roots do
not readily absorb nutrients. Application can benady broadcasting, banding or placement
(Ochigboet al.,1989).

Organic manure: the manure acts not only ordinarily like manure #lso like an amendment;
it improves the structure of the soil, its ventdat and its water holding capacity. It generally

causes a light decrease of dry matter contenterubers (Ochigbet al., 1989).

Mineral fertilizer: nitrogen is used to build proteins and for the dtgwment and the vegetative
growth of the plant. It plays a significant rolethre production and maintenance of an optimum
plant canopy for continue tuber growth throught gnewing season. Deficiencies can reduce
yields, cause yellowing of the leaves and stunwijidBabajiet al., 2009). Phosphorus is used
to build proteins as the nitrogen, it is also neaeg for the growth of young plants, the
development of the roots and the formation of thigets. It is also important for early root
development and tuber formation. Deficiency symare purple stems and leaves; maturity

and growth are retarded, yields of fruit and flosvare poor, premature drop of fruits and flowers
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may often occur. Lack of phosphorus involves a céda in yield (Babajiet al., 2009).
Potassium generally acts in the same direction wititogen and contributes to accentuate its
effect. It stimulates early haulms growth and vigas well as increases tuber size and yield. .
Deficiencies result in low yields, mottled, spotdcurled leaves, scorched or burned look to
leaves (Babajet al.,2009). For instance, in Rwanda the ISAR recommemdees are defined as
follows: the application of 100-400 kg/are (10-4@a) of well broken up manure or compost at
ploughing time and 3 kg/are (0.3 t/ha) of N. P.IR«7-17) at the planting time .

(vii)  Weed control

One weeding is sufficient but it must be done \aayly, not later than four weeks after planting.
Later weeding may result in extensive damage tadbée system, especially where hand hoeing
is used and could lead to yield losses (Ochigfbal, 1989).

(viii) Pest and disease control

The most important diseases are caused by funcfieti@ and viruses. The most important pests
are nematodes, termites, mealy bugs and millipdBé&4.(Integrated Pest Management) is found
to be the best approach for diseases and pest®k@thigboet al.,1989).

(ix)  Harvesting

The vegetative cycle varies from 90 to 140 dayseddmg on the varieties and climatic
conditions. The potato can be harvested at compteturity if it is intended for a long
conservation and export or before complete matifritys intended for an immediate marketing.
The maturity of tubers is indicated by senescednygiig and yellowing) of stems and leaves, the
fact that the tubers can easily be separated fromors (Ochigboet al., 1989). It is
recommended to cut stems (killing haulms) at tvellef the soil 2-4 weeks before harvest to
stimulate the hardening of the skin of tubers dndsten tuber skin setting. Harvesting should be
avoided immediately after a heavy rain. Soil mudt lve too wet to avoid carrying wet soil and
tubers to the store. Harvested tubers are remowed the field immediately after harvest to
avoid exposing them to the sun. Exposure to thevgouid result in extensive damage to the
tubers (sun scald and other rots in store) (Ochaila., 1989). Under temperate and subtropical

conditions, an irrigated crop of about 120 days yiatd from 25 to 35 tones/ha of fresh tubers,
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while farmers in the tropics can harvest betweerad® 25 tones within 90 days of planting
(FAO, 2006).

2.2.3Irish potato fertilization guidelines

Fertilizer application should be timed to crop reesd development stage, when appropriate

through split application. The application shoutéfprably be made by methods that minimize

losses and maximize utilization (Maene, 2000).

Royet al. (2006) formulated the following recommendations:

1.

Concerning N-fertilizers, split application is ttHe advised to apply about two-thirds of
the nitrogen recommendation in the seedbed anddmainder top-dressed shortly after
emergence If top dressing is planned for managemeagons or to reduce the risk of
leaching for crops grown on light sand and shalkmils. Different methods of fertilizer

application can be adopted according to soil, weradind cultural practices conditions,

For P-fertilizer, he recommended the applicatibriotal amount at ploughing or planting
using special methods of application such as plac¢wr band spreading,

Regarding K-fertilizer, the author recommended tspfpplication (in case of soil with

potential leaching): a half at planting and anotbhee a bit later. Placement method of

application was advised.

Langet al. 1999) formulated the following recommendations:

1.

Applying a major portion of total seasonal K fer@r prior to planting has been found
effective in obtaining maximum yields. Also theyticed that the practice of applying

potassium in multiple split applications providee thdvantage of reducing the amount of
potassium at planting, thereby reducing the patéritr salt concentrations becoming a
problem,

Nitrogen applications which are split between plaapand in-season provide opportunities
to increase nitrogen use efficiency and minimizeheng by preventing excess availability.
Excessive amounts of nitrogen at planting can édewalt levels, adversely influencing

moisture availability in the zone of new root grawAvoiding excess nitrogen availability

during growth stages | and Il also favors a baldrmm®portion of roots and shoots, resulting

in enhanced tuber set,
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3. For maximum tuber yields, P should be mixed in® sbed bed prior to planting to support:
early shoot and root growth (stage 1), tuber itiia (stage Il), and tuber bulking (stage III).
Plant P levels in mid- and late-season (stageandl 1) may be raised by applications of
phosphorus using foliar sprays, application througigation water, or soil applied
phosphorus followed by irrigation. However, dughe small distances phosphorus moves in

the soil, feeder roots must be near the soil sarfaanake in-season application effective.

Regarding methods of inorganic fertilizer applioatiMahmoodet al (2002) did a research
whose objective was to compare the different methafdfertilizer application vz broadcasting,
placement and banding in Islamabad (Pakistan). rélealts indicated that the highest yield
(18.56 t h& in autumn 1988 and 15.67 t han autumn 1989) was recorded in placement
followed by banding (15.94 t Han autumn 1988 and 13.9 thia autumn 1989) and lowest in
broadcasting (12.22 t Han autumn 1988 and 11.56 t*hin autumn 1989) treatments. Using
banding and placement methods of fertilizer appbca 20.24 and 35.55% increase in potato
yield was recorded over broadcasting of fertilizespectively. A significant difference was
found in the three methods of fertilizer applicatid he doses used were N-P-K 250-125-125 kg
ha'. The results showed the same trend in terms bEswérage; it was maximum for placement
(89.75%), followed by banding (85.50%) and minimiambroadcasting (75.25%).

Hochmuth and Hanlon (2000) conducted a resear€&ioimda with the purpose of reviewing and

summarizing potato fertilization research in FlaridThe research focused on potato best
management practices limited to three macronusjéP-K. For N, they recommended to use a
target seasonal N amount of 200 Ib/acre (224 kgthae modified if needed based on leaching
rain or leaf-tissue testing before approximatelydé§s after planting. They also added that pre-
plant N fertilizer is not needed. The same autlsoiggested to plant potatoes without soluble N
fertilizer or only with N that might come with tistarter P (ammonium phosphates) fertilizer and
to hold N to less than 20 Ib/acre (22.40 kg/haplanting. They also recommended that using
controlled-release N fertilizer (CRF) mixtures withrious release patterns could save 25% of
the recommended N rate of 200 Ib/acre (224 kgMajot using CRF, they suggested to make
the first application of N (up to 67%) at crackifapout 14 days after planting) or planting and to
apply remaining N within 40 days after planting.eTéame authors pointed out the necessity to
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apply 30 Ib/acre N in addition to the second N aapilon after any leaching rain occurred just

prior to the second application.

Regarding P, Hochmuth and Hanlon (2000) recommendsdg the Mehlich-1 soil test to

determine P needs and following the recommendafmmsmounts of P fertilizer. They said that
high P testing soils do not require P fertilizedaeported that, given cool planting condition
(January), there might be a response to a smaluamof P added as a starter fertilizer to
encourage young root growth. The same authors stegye¢hat required P fertilizer should be

banded near the seed piece at planting time anbroaticast before planting.

Concerning K, Hochmuth and Hanlon (2000) reportldt tpotato yield responses to K
fertilization from experiments appeared to level after 100 Ib/acre (112 kg/ha).®. The
authors continued by saying, since K leaches imlsaoils, total K application should be split
into two applications with some K applied at plagtior at cracking. They also confirmed that
potato yield did not respond to K source on a &sting medium in M-1 K and pointed out that
reduction in the specific gravity of potatoes, @citased chipping quality, frequently resulted
from higher rates of applied K. The authors notet the application timing of mobile nutrients,
such as N or K, was important for greatest yieldd also suggested that N fertilizer can be
withheld until plant emergence. Finally, they sugjgd to apply all N and K fertilizers by 35 to
40 days after planting.

Cumingset al, (1939) conducted research titled “Fertilizer plaent for potatoes” with the aim
of determining the most advantageous placementinhwcommercial fertilizers may be applied
with respect to the potato seed piece. They canmevithi the following findings: Placement of
the fertilizer in a band immediately under, or adoer mixed with the soil around the seed piece
usually resulted in delayed emergence of the spatatve ground and reduction in vyield.
Fertilizer placed in a band at each side of the rather consistently produced the most rapid
emergence of sprouts, the most vigorous plant droartd the highest yields of primes as well as
total yields. Fertilizer placed in a band 2 incifexm) to each side of and on the lower level of
the seed piece most consistently produced relgtikgh yields, the average of which either
equaled or slightly exceeded the average yieldthefother side placements both nearer and
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farther from the seed. This is considered the pablfe placement from the practical standpoint-
Placement of fertilizer in a band at only one stlehe row gave lower yields than a band at each
side. Hill placement of fertilizer in short bandseach seed piece or hill gave no indication of
advantage over comparable placements in continbansls along the row, for seed spacing
ranging from 12 to 16 inches (30 to 40 cm).

Gathunguet al, (2000) conducted research on effect of sourceNCASN and urea), time
(early, split and late application), antethod (broadcast and placement at 0.05 m from ceed
within the furrow) of nitrogen applicatioon growth and yield components of potato in Kenya,
the results achieved showed: the ratio of tubéhéaotal dry mass content differed significantly
among the sources and times of N application abDA&- Number of tubers per plant was not
significantly affected by the source of N. Howevilte time of application of N significantly
influenced the number of tubers per plant- The tpatiaber yield significantly differed amongst
the sources and times of application of N- The wetbf application and the interaction between
the source, time, and method of N application hadignificant effect on tuber to total dry mass

ratio 70 DAE, number of tubers and tuber yield jplant.
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CHAPTER 3
3.0 Materials and methods
3.1 Study sites

Geo- physical characteristics of the study locations

A field trial was established in two sites: site search station, Kinigi RAB (Rwanda
Agricultural Board) station-Musanze District /Noetih Province and another one on-
farm,Kibeho site/ Nyaruguru District-Southern pree. Both sites have an equatorial-
continental temperate type of climate classified\#¢3, according to the Képpen classification.
They have four seasons which are determined byatability of rainfall (MINIRENA, 2004).

Rwanda -
New Province / Regions and New Admin District Boundaries

NYAGATARE

NYARUGURU

Kilometers

Figure 1. Rwanda Districts map (Musanze/ North Province and Nyaruguru/ South Province, sites of the
study)

Kibeho site is located in Nyaruguru District, betmdatitude 2 65’S and 2955’E and situated
at 1894m above sea level. The district of Nyarudwas got a relief ranging between 1,600 and
1,800 m (above sea level) of altitude. Its averagefall is around 1,200 mm per annum; its
daily temperature average is of more or less 2(RGké&ngantambara and Maniriho, 2012).
Kinigi site is located in Musanze District, betwdatitude f 45’'S and 2956’E and situated at

2200m above sea level. Musanze district is locatead volcanic region. This region is prone to
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soil erosion due to steep slopes on the southgmecaof the volcanoes and high rainfall.
Generally, the north-western region of Rwanda hamderate and humid climate due to its high
altitude and abundant rainfall, which records tlagiamal annual rainfall maxima of 2000 mm
between 2000 and 3000 m (above sea level) of @dtitihere is rainfall throughout the year but
with two heavy rainy seasons; the longest beinghffeebruary to June with a peak in April
while the shortest is from September to Decembdn &ipeak in November. Near the Park
(where was located Kinigi site), the main soils @f@olcanic origin in the category of Andosols
(black in colour) and Andic soils. The volcaniclsaleveloped from volcanic ashes and evolved
as a function of climate of the region. The volcaswils are generally fertile (Hitimaret al.,

2006).

Table 1: Selected meteorological data of research sites

Rainy Rainfall (mm) Monthly temperaturés) | Monthly Daily
days temperatures temperature®t)
Range {c)
)
£ 2 g
n o o o (0] o O —
g2 |s|2|5 |® < s € |® 23 g
S S| €| 2 IS x c = IS X g <
= TS|l LT < o < 0 < oX
Max | Min Max | Min Mean Rangg Mean Rarg
e
March | 16 | 17| 253.1 175.8 756/4 446.4 657.4 188.4 313169 194 10 13.6 151
April 17 | 25 | 175.3] 412.1 675 441 569|7 1745 234 5.39 18.6 7.8 12.4 13.2
May 16 | 22 | 253.3 2574 67809 443.3 563.6 186.2 235367.4| 18.1 7.6 12.1] 122
June 2 12| 411 42.1 678 426 559.4 186.3 252 3Y38.4 1| 84 12.4 12.4
July 0 5 0 4 NA NA NA NA NA NA NA NA NA NA

Source: Rwanda meteorological service, Kigali/RveartD12.
G*:Data collected from Gikongoro meteorologicalalatation (Kibeho nearest station)

N.A: Not available

3.2 Experimental design and treatments

Field trials were established in two sites (siter@dearch station, Kinigi RAB station-Musanze
district /Northern Province and another one on-fakibeho site/ Nyaruguru district-Southern

province) during the long rainy season of 2012. &kperiment was run for four months in the
South and four and a half months in the North. @keerimental design used was RCBD in a
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factorial arrangement, with treatments replicateéd times. Two factors were considered in the
study. The first was mineral fertilizer (N.P.K 17-17) application methods with two levels
while the second was timing of mineral fertilizgapéication which was involved in the study
under five levels. The experiment had a subtotaénftreatments per block and a total of thirty
treatments. Plots of 3.5x3.0m, with five lines actle, were used as experimental units. Adjacent
blocks and plots were separated by guard-rows of TIhe following table illustrates

experimental treatments resulting from combinatiohdifferent levels of the two factors under

study.

T4 T> Tz Ta Ts
F1 FiT: FiT2 FiTs FiTa FiTs

F2 FTh Fl2 FaTs FaTy FaTs

Figure 2: Research treatments and combinations of levels of research factors

Factor I: Methods of mineral fertilizer applicati{f), with two levels

(i) F1: Banding (banding in row)

(i) F2: Placement (localized placement)

Factor II: Timing of mineral fertilizer applicatiofiy), with 5 levels

(i) Ti: 100% of N.P.K fertilizer applied at planting &m

(i) T»: 50% and 50% of N.P.K fertilizer applied at plagtiand two weeks after emergence (at

weeding time), respectively

(ii)T 3. 75% and 25% of N.P.K fertilizer applied at plagtiand two weeks after emergence (at

weeding time), respectively

(iv) T4: 50% and 50% of N.P.K fertilizer applied at plaugtiand four weeks after emergence ( at

earthing up time), respectively
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(V) Ts: 75% and 25% of N.P.K fertilizer applied at plagtiand four weeks after emergence (at

Tl Im
Bloc
k1

Im
Block
2
Block
3
<>
Im I im

Figure 3: Layout of experimental design

earthing up time), respectively

.5

3.3 Agronomic practices

Land preparation: soil tillage, seedbed preparation and ridging veknee in such a way that

quick emergence, deep root penetration and goodatdya were insured.

Seeding rate: one tuber-seed was planted per hole. Recommempaethg of 30x70cm was
used; this was equivalent to 47619 plants/ha.dJglats of 3.5x3.0m, with five lines in each,
the number of plants per plot was 50. Depth offuhg was 10cm.

Fertilizer application: blanket application of well decomposed FYM wasdoiast at the
recommended rate of 300 kg/are (30 t/hR)YM was incorporated into the soil with a hoe one
week before the tuber-seeds were plantdeR-K (17-17-17) fertilizer was applied at the
recommended rate of 3kg/are (0.3 t/ha), methods tamchg of application used are those
defined earlier for the levels of the factors unsterdy. Regarding methods of mineral fertilizer
application, the N-P-K fertilizer was spreaded gloows of 10cm diameter and within 10cm
diameter around the seed or seedling (plant) depgrmh the period of application, for row
banding and localised placement methods, respéctiee seed or seedling was never in direct
contact with the fertilizer.
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Weeding: one weeding was sufficient, it was executed twoksesdter emergence and by hand
hoeing.

Ridging (earthing up): one ridging was carried out four weeks after emargdy hand hoeing
Pests and diseases management: IPM approach was adopted, spraying against lateearly

blight using Dithan®45 (dose of 30g per 15Was regularly done (once per week).

3.4 Selected agronomic parameter s measur ement

Crop performance was evaluated on the basis of mpargmeters considered as its components.

Data on the emergence rate, number of stems (prighaots) per plant, stem height and canopy

cover were obtained from ten plants in the middiee rows of each plot. At maturity, tubers

were harvested to determine the number of tubarplpat, tuber grades and total tuber yields.

Number of tubers per plant and tuber grades weterdeed using the same plant samples as

the ones used for emergence rate, number of stengnt and stem height determination while

the total yield was obtained by weighing all tubeudled out from the entire each plot minus the
guard rows. The yields were converted into tons/ha.

(i) Emergence rate: physical counting was done 28d#sgissmwing (28DAS) and the parameter
was expressed in percent.

(i) Number of stems (shoots) per plant: counting wased7, 14, 21, 28 and 35days after
emergence (DAE).

(iif) Stem length: measurements were taken 1442856 and 70 days after emergence (DAE)
using a tape.

(iv) Canopy cover: was expressed in percent of row widtrered by the crop and it has been
measured once using a tape and calculated at tivel jwé 70DAE.

(v) Number of tubers per plant: counted physicallyrgftdling out tubers (at harvesting time).

(vi) Grades of tubers: grading was done after harvestinlgers were ranked in three classes. Big
size: >60mm diameter-Middle size: 30-60mm diameter- snsifle: <30mm diameter.
Different grades were weighed separately and valeesrded were converted into tons per
hectare.

(vii)  Tuber yields: were wet weighed per plot after gatigetubers from all grades and also

converted into tons per hectare.
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3.5 Soil sampling
Soil sampling was done on farms where the fieldnvere conducted. The top 0-30cm soil was

dug randomly from the whole farm (before plantiagyl from each plot (before harvesting).

3.6 Sail chemical and physical characterization

Soil chemical characterization: the composite samples were used for the chemicdysia
before setting up the experiment on one hand afaddbarvesting on the other hand. They were
characterised for pH, organic carbon, availablesphorus, exchangeable bases, cation exchange
capacity and total nitrogen.

Soil physical characterization: the composite samples were physically charactefimetexture

and bulk density. Both properties were determinedbre setting up the experiment. Soil

chemical and physical characterisation was doreuitisied below.

3.6.1 Deter mination of soil pH

The pH was determined using the 1:2.5 ratio of saiater. The air dried samples were passed
through a 2mm sieve and used in determination of§ikd grammes of the sieved samples were
weighed and put in two sets of clean plastic bsttleo each set, 15ml of distilled water was
added. The samples were shaken for 30 minutesaaiprocating mechanical shaker, allowed to

stand for 30 minutes before reading the pH on pliteme

3.6.2 Deter mination of available phosphorus
The Mehlich solil test for P also known as the dildbuble acid as developed by Mehlathal

(1953) was used. Soil samples which had been i&d,dground and sieved through 2mm sieve
were extracted using 50ml of Mehlich extractingusioh (double acid, containing 0.025N${,

and 0.05N HCI). The mixtures in shaking bottlesevglaced on reciprocating shaker and shaken
for 30 minutes at 180 rpm at room temperature. Mindures were then filtered through filter
papers, Whatman N2. The filtrate was thereafter analysed for P @Goietrically using blank
and standards prepared in the Mehlich extractinigtiso and the absorbence read on a
spectrophotometer at 882nm wavelength.
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3.6.3 Deter mination of organic carbon

Organic carbon was determined using the WalkleyelB[d934) oxidation method. This method
involves complete oxidation of soil organic carbasing concentrated 230, and potassium
dichromate. The unused or residualCiOy is titrated against ferrous ammonium sulphate. The
used KCr,O; which is the difference between added and resilu@lr,O; gives a measure of
organic carbon content of a particular soil. 0.5@io dried soil sieved through a 0.5mm sieve
was weighed into a set of clean conical flasks. I16IMLN K,Cr,O; was added to each and
swirled gently. 20ml of 36N 50O, was rapidly added and allowed to stand. Distillexter was
added followed by a drop of mixed indicator. Thentemt was thereafter titrated with 0.5N
ammonium ferrous sulphate noting the colour chaagése end point.

3.6.4 Deter mination of CEC

CEC of the soil samples was determined using Metsathod (1961) which uses normal
ammonium acetate as the exchange solution at pHh& exchange solution leaches out all the
cations in a soil. Excess NHwas removed with an organic solvent (alcohol).ofagsium (K)
salt solution was used to replace and leach outrbdd NH*. The amount of NI released
gives the amount of CEC of a soil. The amount ahexgeable K, Ca and Mg in the extract was

determined by flame photometry for K and by atospectrophotometry for Ca and Mg.

3.6.5 Deter mination of total Nitrogen

In the determination of total nitrogen, the Kjeltd&tB883) method was used. This is basically the
wet oxidation procedure. 1g of 0.5mm-sieved samyds weighed into a clean digestion tube
and mixed, catalyst added followed by 8ml 36pER,. Samples were digested for 2hours before
and titrated against 0.01N HCI and recording thHeme used in titration.

3.6.6 Deter mination of soil texture

Air-dried soil samples were passed through 2mmesid¢g get fine earth. 50g of the sieved soil
samples were weighed on an electric balance andtem&d with distilled water and hydrogen
peroxide added in aliquots of 10ml in a fume chamBgdrogen peroxide oxidises any organic
matter present in the soil. The sample was alloteestand for one day for the reaction to take
place and thereafter dispersed by adding 50mligboasodium hexametaphosphate) to separate
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the particles of sand, silt and clay. The mixtusesre then transferred into a 1000ml
sedimentation tubes and topped up with distilledew& make 1000ml. The samples were
stirred to disperse the particles and readingsntak@ng a hydrometer after 45 seconds of
stirring. The temperature of the samples at a @ddar hydrometer reading was also recorded.
Percents of sand, silt and clay were determinedguisie readings. A textural triangle was then

used to assign the soil into its textural class.

3.6.7 Calculation of bulk density
Bulk density of soil is usually determined on ce@mnples (core method) which are taken by

driving a metal corer into the soil at the desideghth and horizon. The samples are then oven-
dried and weighed. The bulk density of soil is irs&dy related to the porosity of the same soil:

the more pore space in a soil the lower the vadudtilk density (Campbell and Henshall, 1991).

Bulk density)- mass of soil (M)/core volume (): "~ V-

Y

Wherep is soil bulk density, Mis mass of soil sample (in corehd \ is internal volume of the

core used (Campbell and Henshall, 1991).
Ten core samples (4 cm diameter and 10 cm highg¢ wellected randomly before the start of
the experiment for the determination of soil bulngity using the core method as described

above.

3.7 Cattle manure analysis

The organic manure used was cattle manure. It veae Wecomposed and got from one family
per site Air-dried and ground cattle manure samples weneesieghrough a 2mm sieve and analysed
for organic C, N, P, K, Ca and Mg using the method rilesd by Okalebet al. (1993).

3.8 Data analysis

Data collected on agronomic parameters and oncdamical parameters were subjected to
analysis of variance (ANOVA) using Genstat Discqvedition 14". The treatment effects were
tested for significance using F-test at 5%. Dunbauitiple Range Test (P=0.05) was used for
mean separation. Analysis of correlation coeffitseat 5% level of significance, was done to
determine the relationship between tuber yields somhe other agronomic parameters (stem
height, canopy cover and number of tubers per plant
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CHAPTER 4
4.0 Results and discussion
4.1 Effect of timing and methods of N-P-K (17-17-17) application on selected soil chemical

properties

The textural class of Kinigi soil is sandy loamhwgH 5.7. The soil is low in exchangeable bases
(Ca, Mg and K), available phosphorus; medium inaarg carbon, total nitrogen, cation
exchange capacity (CEC) and soil reaction (pH). 3diebulk density is 1.55 and is in the range
of ideal bulk densities to permit effective cropt®growth (Table 2)(Landon, 1991).

Table 2: Selected chemical and physical properties of the experimental sites and organic manur e before

planting
Materials C* N? P Exchangeable bases CEC pH Sand Silt Clay Textural  Bulk
class density
(%) (ppm (meg+/100g Soil) (:25 (%) (g /em®)
) soil/
Water)
Sail K Ca Mg
Kibeho 532 045 1064 0.21 3.86 1.27 1530 538 10 52 38 Slity Clay 1.42
Loam
Kinigi 780 054 1041 0.20 2.68 0.48 1430 57 59 22 19 Sandy 155
Loam
Manure C N P K Ca Mg C:N K ey observation

(%)
Kibeho 1150 130 0.60 2.15 1.030 0.65 8.85 The low C: N (<<20) ratio indicates that manures af

good quality and ready for immediate and quick

Kinigi 1260 141 055 2.00 1.042 0.53 9.00 decomposition resulting in net mineralization, plan
nutrient supply and soil fertility improvement.
Immobilization is not predictable in this case.

The textural class of Kibeho solil is silty clay tieawith pH 5.8. The soil is low in available
phosphorus, exchangeable bases Ca and K but meadliiig, organic carbon, nitrogen, cation
exchange capacity (CEC) and soil reaction (pH). 3tiebulk density is 1.42 and is a bit above
the superior limit of bulk densities range to emaélfective crop roots growth (Landon, 1991).
The soll fertility, at both sites, is low for crqgoduction in general, and especially for Irish
potato potential performance in particular. Majpof parameters’ values analyzed are less than

critical values except pH (5.7 and 5.8 at Kinigdafibeho sites, rspectively) and Kinigi soil

1 .
C: organic carbon
®N: total nitrogen
* P: available phosphorus (by Mehlich/ dilute double acid)
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textural class; so there is need for soil amendmEme application of different fertilizers was
expected to benefit the crop and soil. The soilymmaresults are in agreement with the findings
of many researchers who focused their researchsamrkropical soil organic matter content and
demonstrated how it is poor. Solomoraét(2001) declared that many tropical soils are poor
nutrients and rely on the recycling of nutrientsnfr soil organic matter (SOM) to maintain crop

productivity.

According to Katyal efal. (2001), agricultural intensification of an arelrough clearing and
clean cultivation of soils for annual cropping, akhuniversally causes a decline in soil organic
content. Chemical solil properties contributed byVsthat are altered include mineralization of
nutrients and their availability to plants, catiexchange capacity, and binding of heavy metals
and pesticides. With the amount of SOM reducedethera need to supplement the soil with
additional nutrients in the form of fertilizers. R&ens efal. (1999), Six and Paustian (1999 )
and Six etal. ( 2002) found that due to population growth andalérfarming unit in the
highlands, intensive cultivation of the landscapebecoming more serious cause of natural
resource degradation. As a result of high pressamsed by human interference on natural forest
and grazing land, soil organic matter (SOM) hadided to low level especially in cultivated
soils of the highlands. Consequence of this deeck&OM content resulting in low productivity

of agricultural soil due to loss of nutrients thgbucrop removal and run off water erosion.

The low C: N ratio of the manures used indicated they were of good quality and ready for
immediate and quick decomposition resulting inmateralization. This is in agrrement with the
findings of USDA NRCS (1977) stipulating that tharlwon:nitrogen ratio (C:N) is used as an
indicator of which step in the nitrogen cycle ocnext. Ratios less than 20 mean that excess N
is present and nitrification proceeds (with a naingof N). With ratios between 20 and 30,
nitrification and immobilization rates are in egoilum and there is no net gain or loss of N.
With a ratio greater than 30, N is limited and imemobilization occurs with uptake (or loss) of
N from the active N cycle (USDA NRCS, 1977). WhemsNimited at high C:N ratios, nitrogen-
fixation by free-living nitrogen fixers is stimukd. Everything else being equal, materials added

to the soil with a C:N ratio greater than 24:1 widsult in a temporary nitrogen deficit
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(immobilization), and those with a C:N ratio lessit 24:1 will result in a temporary nitrogen
surplus (mineralizatigflUSDA NRCS, 1977)

Data of tables 3 and 4 show the effect of timimgl anethods of N.P.K (17-17-17) fertilizer
application on selected soil chemical propertieKiaeho and Kinigi sites, respectively. At both
sites, the effects of methods and timing of N-Pgglecation on selected soil chemical properties
were almost similar. The main effects of methodd &ming of the fertilizer application on
selected soil chemical properties were not sigaific(p > 0.05). The interaction between
methods and timing of the fertilizer applicationl diot significantly affect selected soil chemical
properties. However, both factors, in combinatiathvilanket FYM application, improved soil
nutrient concentrations. The effects of applicatmihFYM (farm yard manure) and N-P-K
fertilizer improved soil reaction, organic carbomptal nitrogen, available phosphorus,
exchangeable bases (potassium, calcium and magneand CEC, but not significantly ¢
0.05) (Appendices 18-25). Application of FYM (fargard manure) and N-P-K fertilizer
improved the nutrients status presumably due tcstipplied plant nutrients from the materials
(Eaton, 2001; Agelet al.,2006).

Improvement in soil nutrient status by farmyardcombination with N-P-K implies that their
combination could be used for soil management distasnable production of Irish potato. Soil
organic carbon increased because of FYM appliedregiflanting. The increase in the levels of
soil organic carbon (and even organic matter) waseeted, since, organic manures have the
ability of increasing soil organic matter contei@jgniyi, 2000). Nutrient availability from
organic sources is due to microbial action and owed physical condition of soil (Sarket al
2004). It has also been reported that the contdrgeme major nutrients in the soil were slightly

dependable on the level of organic matter (Adensah Ojeniyi, 2005).
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Table 3:Effect of timing and methods of N-P-K (17-17-17) fertilizer application on selected soil chemical propertiesat Kibeho site

pH c’ N® P K Ca Mg CEC
[%) F1’ F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2
3 . %) %) %) %) %) %) %) %)
e 8 c c c c c c c c
= © © @ © ] [sv} ] 55}
o £ 9] 9] [} 9] 9] [} 9] 5}
= = = = = = = = =
T18 5.72 5.72 5.72 6.43 6.57 6.50 0.58 0.60 0.59 11.52 11.50 11.51 0.39 0.40 0.39 3.89 4.00 3.94 1.98 1.99 1.98 16.27 16.64 16.45
T2 5.88 5.95 591 7.20 7.50 7.35 0.63 0.65 0.64 11.68 11.85 11.76 0.42 0.44 0.43 4.26 4.44 4.35 2.02 2.07 2.04 18.07 19.21 18.64
T3 5.83 5.94 5.89 7.24 7.54 7.39 0.62 0.65 0.63 11.66 11.79 11.72 0.41 0.43 0.42 4.18 4.29 4.24 2.00 2.05 2.02 18.30 19.49 18.89
T4 5.85 5.95 5.90 6.77 7.35 7.06 0.61 0.65 0.63 11.67 11.74 11.70 0.42 0.44 0.43 4.21 4.37 4.29 2.02 2.06 2.04 17.05 19.76 18.41
T5 5.84 5.94 5.89 7.15 7.29 7.22 0.60 0.64 0.62 11.53 11.69 11.61 0.41 0.44 0.43 4.15 4.42 4.28 2.01 2.05 2.03 17.73 18.61 18.17
Means 5.82 590 5.86 6.96 7.25 7.10 0.61 0.64 0.627 11.61 11.71 11.66 0.41 0.43 0.42 4.14 4.30 4.22 2.00 2.04 2.02 17.48 18.74 18.11
G.M® GM GM GM GM GM GM GM
LSD Fx: Tx: Fx*Tx Fx: Tx: Fx*Tx Fx: X Fx*Tx Fx: Tx: Fx*Tx Fx: Tx: Fx*Tx Fx: T Fx*Tx Fx: T Fx*Tx Fx: Tx: FX*Tx:
0.18 0.29 :0.41 0.47 0.75 :1.06 0.04 0.07 :0.10 0.30 0.48 :0.68 0.03 0.04 :0.06 0.28 0.45 :0.64 0.08 0.12 :0.17 1.53 2.42 3.43
Ccv 4.1 8.7 9.4 34 91 8.8 51 11
(%)

MeansS without any letter along the row for thdiliger application methods (Fx) and along theuooh for the times of the fertilizer application (Tare not

significantly different at LSD €.05.

* C: organic carbon

® N: total nitrogen

® P: available phosphorus (by Mehlich/ dilute douduéd)

" Fx: Methods of fertilizer application/ F1: row lfing and F2: localised placement

8 Tx: Timing of fertilizer application:/T1: 100% dértilizer applied at planting time, T2: 50% an6l% of fertilizer applied at planting and weedinmé
respectively , T3: 75% and 25% of fertilizer apgla planting and weeding time respectively, Tetand 50% of fertilizer applied at planting andtlgiag up
time respectively and T5: 75% and 25% of fexiliapplied at planting and earthing up time retpely.

° G.M: Grand mean
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Table 4: Effect of timing and methods of N-P-K (17-17-17) fertilizer application on selected soil chemical propertiesat Kinigi site

pH cP N*™ P K* Ca Mg CEC
%) L F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2
B » » » 1% » » » 0
£ & 3 3 3 3 3 g 3 3
o E ) ) [ o} [ ) ) o}
= = = = = = = = =
T1% 581 58 58l | 833 883 858 | 070 075 073 | 1127 11.06 11.17 | 036 038 037 | 3.06 3.04 305 | 123 126 125 | 1397 1517 1457

1.75 1.64 15.30 16.87 16.08

T2 580 587 584 9.00 9.17 9.08 0.76 0.84 0.80 11.09 11.90 11.49 0.41 0.44 042 315 342 329 1.52
T3 5.83 5.84 5.83 8.50 9.00 8.75 0.77 0.82 0.79 10.65 11.38 11.01 0.40 0.41 0.41 3.08 3.26 3.17 1.48 1.53 1.51 15.33 16.40 15.87
T4 580 587 584 9.00 9.17 9.08 0.78 082 0.80 11.19 11.80 11.49 0.38 046 042 320 340 330 149 161 1.55 15.73 16.50 16.12
T5 5.82 5.83 5.83 8.67 9.17 8.92 0.80 0.80 0.80 11.06 11.59 11.32 0.38 0.41 0.39 3.06 3.26 3.16 1.41 1.67 1.54 16.10 15.97 16.03
Means  5.81 584 5.83 8.70 9.07 888 0.76 080 0.78 11.05 11.55 11.30 0.39 042 040 311 328 319 143 156 1.49 15.29 16.18 15.73
G.MS GM GM GM GM GM GM GM
LSD Fx: Tx: FX*Tx Fx: Tx: FX*Tx Fx: Tx: FX*Tx Fx: Tx: Fx*Tx Fx: Tx: FX*Tx Fx: Tx: FX*Tx Fx: Tx: FX*Tx Fx: Tx: Fx*Tx
0.06 0.10 :0.15 0.54 0.86 121 0.05 0.09 :0.12 0.70 1.11 :1.57 0.05 0.08 :0.12 0.18 0.29 :0.41 0.22 0.34 :0.49 1.13 1.79 :2.52
cv 15 8 9.3 8.1 16.8 75 19.0 9.4

)
Means without any letter along the row for thdifieer application methods (Fx) and along theucoh for the times of the fertilizer application (Tare not

significantly different at LSD €©.05.

19°C: organic carbon

N: total nitrogen

2 p: available phosphorus (by Mehlich/ dilute doudubéd)

13 Ex: Methods of fertilizer application/ F1: row lifing and F2: localised placement

1 Tx: Timing of fertilizer application:/T1: 100% deértilizer applied at planting time, T2: 50% an@% of fertilizer applied at planting and weedinmé
respectively , T3: 75% and 25% of fertilizer apglet planting and weeding time respectively, Te5and 50% of fertilizer applied at planting andileiag up
time respectively and T5: 75% and 25% of feritiapplied at planting and earthing up time respelst

15 G.M: Grand mean
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The increased N, P, K, Ca and Mg contents in tilexsre products of increased organic carbon
observed in the soil. This agreed with the repb&nchs (1990) that organic manure is a store
house of plant nutrients and major contributor afian exchange capacity and remained as
buffering agent against pH fluctuation which playsey role in sustaining desirable soil physical

and chemical conditions for satisfactory growth dedelopment of crops.

Organic matter shows a greater capacity to retainamts in form that can easily be taken up by
a plant over long time. This results is consisteith the findings of Agbedet al. (2008),
Kingery et al (1993), Adeniyan and Ojeniyi (2005) that amendirednthe soil using organic
manure improves soil organic carbon, total nitrogesailable phosphorus and exchangeable Ca,
Mg and K concentrations. The increase in soil-adéd P was not unexpected as the manure
used was relatively rich in P. The increase in laté P might also be owed to high microbial
activity induced by the addition of organic residuerhich might speed up phosphorus cycling
(Parhamet al., 2002). The nutrients in the N-P-K fertilizer ¢nganic fertilizer) were already in
the mineralized form and it provides a ready sowfceutrients to the soils. Chemical fertilizer
offers nutrients which are readily soluble in ssdlution and thereby instantly available to
plants. By implication, the nutrients released frblPP-K fertilizer were for a short period of
time because they were either uptaken by crop sirtlorough leaching or other process like
water runoff. Furthermore, several workers haveomeg longer residual effect of organic
manures when applied to the soil (Adeniyan and i@je2003, Adetunji, 1997).

The organic fertilization allowed increases in sod organic matter contents. That is due to the
fact that the manure amendments on soil providatitetive elements by mineralization (Fan

al., 2004; Wuestt al, 2005). These results are almost similar to traisé/anget al. (2006)
who observed that the cattle manure increasedfisignily the concentrations of the organic
matter. The increase in the organic matter andnecgzarbon induced by the amendment is due
to the manures which has three roles of organicemaburces, of protection of the soil against
erosion and of increase in the number and actwitgarthworms which reduce water runoff
(Hole et al, 2005; Parfittet al, 2005). The worms’ casts have a strong assingilaiittogen

content, trace elements, organic matter, phosptardgotassium (Fluckiget al, 1998).
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In accordance with the study’s results and withséh@f Hao and Chang (2002), the cattle
manure involved an increase in the sum of the exgbable bases cations and the cation
exchange capacity (CEC). Under the climatic coadgiwhere the temperature and moisture are
high or modelately high, the mineralization proesssf the organic matter of the soil are intense
(Thurieset al, 2000). This trend is observed because of thalugeater microbial activities
associated due to organic matter accumulation. efhresults are in agreement with the
conclusions of other researchers (Thueésl., 2000) who observed that the manure allowed
significant increases in C, N and CEC soil contelmdeed, the relatively fast mineralization of
the organic matter provides the nutritive elememltsch constitute a surplus compared to the
initial soil (Oehlet al, 2004). Similar results were obtained by Bado0@0when he applied
manure to soil of Farak6-Ba in Burkina-Faso.

The higher pH values observed after adding themacgaanure and N-P-K indicates that organic
manure has a tendency to neutralise soil acidigy;high Ca content of the organic manure was
probably responsible for this effect. But, somehatd such as Yaduvanshi (2003) have also
reported a reduction in soil pH following the applion of animal manure due to the production
of CO, and organic acids during decomposition. Thus,efifect of organic manure on soil pH
depends greatly on the latter’s characteristics @mtlition. Then, the production of organic
acids was not important with the organic manuredusehis study. The study’s results suggest
that organic manures could increase pH of low pit$ $ry addition of base cations. This result is
in agrrement with the findings of Whaletnal. (2000) who reported that cattle manure amended
soil had significantly higher pH than non amended and the pH of Beaverlodge and Fort
Vermillion soils increased from 4.8 to 6.0 and #056.3, respectively. In a system integrating
farming and breeding, the use of the animal mamoa&es it possible to improve the soll
properties, due to their very high organic mattamtents. At the field, the manures improve the
soil fertility. Such a system will allow a recyafjrof the nutritive elements ensuring a sustainable
management of the soll fertility.
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4.2 Effect of timing and methods of application of N.P.K fertilizer on emergencerate and

number of shoots per plant

Tables 5 and 6 show the effect of timing and meshaf N.P.K(17-17-17) fertilizer application
on emergence rate and number of primary shoam&tper plant at Kibeho and Kinigi sites,
respectively.At both sites, Kibeho and Kinigi, the crop behaviauas the same in terms of
effects of times and methods of mineral fertiliagplication on emergence rate and number of
primary shoots per plant. Regarding emergence itatkgdn't differ significantly among times
and methods of 17-17-17 fertilizer application. €nmethods of fertilizer application and even
interaction of both factors had no significant ugfhce on emergence rate (Appendix 1).
However, the treatment that received 50% of theenainfertilizer rate at planting and the
remaining at 14DAE through localised placement wetkFT,) had the highest emergence
rates, 100% and 95.33% at Kibeho and Kinigi, respely.

At Kibeho site, the treatment that received algigplication of the total mineral fertilizer rate
at planting time and the one that received 75%hef fertilizer rate at planting time and the
remaining at 28DAE had the highest (98.33%) and ldveest (96.33%) emergence rates,
rspectively while localised placement (97.87%) perfed better than row banding (96.40%). At
Kinigi, the treatment that received 50% of the mahefertilizer rate at planting and the
remaining at 14DAE and other treatments excepbtteethat received 75% of the fertilizer rate
at planting time and the remaining at 28DAE, hagl tighest (95.00%) and lowest (94.00%)
emergence rates, respectively while localised phace (94.67%) performed better than row
banding (93.87%). The grand mean was 97.13% athiilvehile it was 94.27% at Kinigi. The
small difference between both sites resulted fr@ol temperatures prevailing at Kinigi which
delay formation, growth and emergence of sprolite lack of significant effect of factors and
their interaction resulted from the homogeneityha variety used in terms of genetic make-up,
seed tuber size, physiological age and sprout dpuwent level;, the homogeneity within
research field blocks and the very narrow varigbiliange of abiotic factors of potato
emergence, namely, soil temperature, soil moisgoi type and planting depth. Another factor
which caused the results similarity is the uniqoarse of nutrients during the pre-emergence

phase of the plants during this stage, the seee Bethe sole energy source for growth.
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Table 5: Effect of timing and methods of N-P-K (17-17-17) fertilizer application on emergencerate (ER) and number of shoots per plant (N.S.P) at

Kibeho site
ERP28DAS” | N.S. P° 7DAE™ N.S. P IBAE N.S. P 21DAE N.S. P 28DAE N.S. P 35DAE
Methods F1*°  F2 o FL F2 @ |F1L F2 ¢ |FL F2 ¢ |FL F2 @ |F1 F2 @
. © © © © © ©
Times = = = = = =
T1# 96.67 100 98.33] 226 1.96 211 253 230 241 29010 3.00| 3.30 353 34] 333 356 3.45
T2 96.67 98.67 97.67 230 190 210 253 230 2490 293 291| 336 323 330 336 320 3.28
T3 96.00 97.33 96.67 1.93 190 191 230 220 22583 3.13 298/ 320 336 328 323 343 3.33
T4 96.00 97.33 96.67 2.30 193 211 246 223 23590 3.13 3.01| 326 326 326 323 336 3.30
T5 96.67 96.00 96.33 226 220 223 250 250 2316 3.13 3.15/ 3.36 3.33 3.35 3.463.36 3.41
Means 96.40 97.87 97.182.21 1.98 2.09|246 230 2.38/294 3.08 301 [3.30 3.34 332 |3.32 3.38 335
G.M? GM G.M GM GM GM
LSD F: Ty Ty F:0.2 T F*Tx | Fx: Ty F*Tx | Fx Ty F*Ty | R Tx: F*Tyw | Fx: Ty Ty
2.44 3.85 5.45 5 0.40 0.56 0.19 0.30 0.43 0.19 0.30 0.42 0.13 0.22 0.31 0.25 0.16 0.36
CV (%) 3.3 15.8 10.5 8.2 55 6.4

Means without any letter along the row for thdiliger application methods (Fx) and along theucoh for the times of the fertilizer application {jTare not
significantly different at LSD €©.05.

'8 ER: Emergence rate (%)

" DAS: Days after sowing

¥ N.S.P: Number of stems(shoots) per plant

® DAE:Days after emergence

* Fx: Fertilizer application method: F1: Banding; EBcalised Placement

! Tx: Timing of fertilizer application: T1: 100% oéftilizer applied at planting time , T2: 50% &6 of fertilizer applied at planting and weediirge respectively , T3: 75% and 25% of fertilizer
applied at planting and weeding time respectively: 50% and 50% of fertilizer applied at plantigd earthing up time respectively , T5: 75% &bt 2f fertilizer applied at planting and earthing

up time respectively.

* G.M: Grand mean
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Table 6: Effect of timing and methods of N-P-K (17-17-17) fertilizer application on emergence rate and number of shoots per plant (N.S.P) at Kinigi site

ER 28DAS

N.S. P° 7DAE®

N.S. P 1BDAE N.S. P 21DAE N.S. P 28DAE N.S. P 35DAE
24
Methods F1?’ F2 " F1 F2 " F1 F2 " F1 F2 " F1 F2 " F1 F2 "
. G G G T T g
Times O O O 9] o] 4]
s s s s s s
T1°® 94.67 9533 95.00| 250 226 238 270 246 2/58762.2.56 2.66| 2.86 273 28D 286 273 2.80
T2 93.33 94.67 94.00| 240 240 240 260 270 26583 2.83 2.70/ 2.86 290 288 280 290 2.85
T3 93.33 94.67 94.00| 2.16 230 223 246 256 253 2.73 2.63| 256 273 265 266 273 270
T4 94.00 94.00 94.00| 230 220 225 270 263 26683 2.63 2.73| 296 263 280 293 263 278
T5 94.00 94.67 94.33| 223 210 216 260 223 2MM80 2.73 2.76/ 2.80 2.83 2.81 2.81R.83 281
Means 03.87 94.67 9427 |232 225 228/261 252 256 |2.75 270 272 |281 276 279 | 281 276 279
G.M% G.M G.M G.M G.M
LSD Fx: Ty F*Ty: Fx: Ty FTy: | Fx: Ty F*Ty: | R Ty BTy | B Ty FXTy | Fx: Ty Ty
1.47 2.33 3.29 0.18 0.28 0.40 0.20 0.32 0.45 0.16 0.25 0.36 0.17 0.28 0.39 0.16 0.26 0.36
CV (%) 2.0 10.2 10.3 12.2 8.2 7.6

Means without any letter along the row for thdilieer application methods (Fx) and along theuooh for the times of the fertilizer application {Tare
not significantly different at LSD €.05.

% ER: emergence rate (%)

24 DAS: Days after sowing

% N.S.P: Number of stems(shoots) per plant

% DAE:Days after emergence

2" Fx: Fertilizer application method: F1: Banding; Eocalised Placement

2 Tx: Timing of fertilizer application: T1: 100% &értilizer applied at planting time , T2: 50% aBi@% of fertilizer applied at planting and weedtirge respectively , T3: 75% and 25% of fertilizer
applied at planting and weeding time respectivelid: 50% and 50% of fertilizer applied at plantengd earthing up time respectively , T5: 75% abth2f fertilizer applied at planting and earthing

up time respectively.
% G.M: Grand mean
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The results are consistent with the findings ofd.ahal. (1999) according to which the rate of
potato shoot emergence depends on soil temperatader favorable growing temperatures
(typically 55 to 65°F/ 12.7 to 188 during early spring), shoots emerge within 21sdafter
sowing (DAS). The research results are in agreeméhtthe findings of research undertaken
under the Ministry of Agriculture, Food and Ruralfairs (2011) which showed soil moisture
and soil temperature as main abiotic factors imitureg the length of time between planting and
emergence. The findings of the present study agrdethe ones of University of California,
Division of Agriculture and Natural Resources (1p@&#ich found that the rate of sprout growth
and, consequently, the time until emergence ar@d¢eature dependent and therefore somewhat
dependent on soil type and planting depth. Theaaulleclared that the seed tuber is the only
source of energy for the plants' growMoreover,the author indicated that there is usually
enough starch in sound and properly sized potad pece to support sprout growth for 30 days

or longer.

The results of this study also confirm the findingjsPaveket al. (2006) who found that soll
moisture and temperature are most commonly the mfagbors that contribute to potato sprout
growth and emergence rate. Additional factors ideliseed size and health, sprout health,
sprout/eye location on the mother seed tuber,fedility, cultivar, mother-tuber physiological
age, volume and mechanical resistance of soil, ss&tl tuber dormancy. The results also
confirm the findings of Milthorpe (1967) who showttat the mother tuber provides the main
source of substrate until the plants have a ledse of 200-400 cf Headford (1961) and
White (1961) reported the same observation. Thiereifice raised between both study sites is
also consistent with study conducted by Milthorp867) who demonstrated that if there is an
adequate supply of water, growth during the prergerece phase is controlled by soail
temperature and by the degree of sprout developraentlanting. Generally, the rate of
emergence of potato seedlings is faster the hitjieesoil temperature and the greater the degree
of development of the sprouts at planting. The orelegical data collected during the field
experiment showed that Kinigi site was always ctigrézed by low temperatures which was
probably the reason for the low emergence ratdefplants there. Curiously, the results don’t
agree with the findings of Mahmoead al. (2002) who found that emergence rate of potato was
significantly influenced by methods of fertilizgpg@ication.
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Concerning the number of primary shoots (stemsamitrhs) per plant, the methods of mineral
fertilizer application, the timing of its applicati and their interaction were all not significant a
both sites and during the whole period of the expent, but their number increased with the
time (Appendices 2-6). However, the highest numiieshoots per plant (3.56 and 2.90 at
Kibeho and Kinigi, respectively) were recorded frdhe treatment that received 50% of the
mineral fertilizer rate at planting and the remagiat 14DAE through row banding method
(F.T1) and the treatment that received 50% of the minendlizer rate at planting and the
remaining at 14DAE through localised placement met{FT,). At Kibeho, the treatment that
received a single application of the mineral feagit total rate and the treatment that received
50% of the mineral fertilizer rate at planting ahe remaining at 14DAE had the highest (3.45)
and lowest (3.28) number of shoots per plant, spdy while localised placement (3.38)
performed better than banding (3.32). At Kinigie tineatment that received 50% of the mineral
fertilizer rate at planting and the remaining aDME and the treatment that received 75% of the
mineral fertilizer rate at planting and the remaghat 14DAE had the highest (2.85) and lowest
(2.70) number of stems per plant, respectively evhiw banding (2.81) performed better than
placement (2.76).

The grand means were 3.35 and 2.79 at Kibeho anigiKrespectively. The lack of significant
difference is attributed to the fact that the numifeshoots per plant depends mainly on genetic
potential (genetic make-up) of the variety, deveiept phases of sprouts at planting time, grade
(size) and the number of eyes of mother-tuber. IBnmental major factors that influence the
number of shoots are temperature and soil nutrigntogen particularly). Since the fertilizer
rate applied in the field experiment was the sain@as not considered as a variable even if it
was split into two portions for some treatmentg tbtal quantity was always the same and
applied all the time during the period of primaryosts sprouting and development. High
temperatures prevailing at Kibeho during the crpgdesstimulated development of more sprouts,
this most likely led to a bit higher mean of themher of shoots per plant. The results found are
consistent with the findings of Ragt al. (2006) which recognized the role of N in branching
tillering phenomenon.In the present experiment,ddume rate of fertilizer (containing the same
qguantity of nitrogen) was applied; hence there wasreason to find significant differences
among treatments. The results are in agreementregarch findings of Susnochi (1982) and
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Morenaet al. (1994) according to which the active number thimpotato haulms per plant is a

variable that is mostly affected by cultivar chaeaistics even if diseases and environmental
stresses play an important role too. Both lasbfacivere not considered as variables during the
present research as the only cruza variety was asddliseases were controlled in the same

conditions.

The results are also in harmony with the finding#Morenaet al. (1994) and Gillet al. (1989)
show that the number of active Irish potato hautnas vary a lot depending on seed age, mass,
size and the number of growing eyes or sprouts;tieithnumber of eyes and distribution are
characteristic of the variety. The seed uniformityterms of those parameters was checked
before planting. The role of N availability as atta influencing tillering has also been discussed
by Assuero and Tognetti (2010). These authors stgdehat N plays a strong mediatory role in
tiller production through cytokinin production bwyats, since production of this hormone is
mediated by N concentration in the roots whichtuim, is a function of N absorption from the
soil and seasonal reallocation of tissue N. Sileesame and total mineral fertilizer rate was
applied in the present experiment during probaladulims development period, nitrogen rate

could not significantly influence treatment in teraf haulms number per plant.

The differences observed between results from bides are consistent with the findings of a
research conducted by Assuero and Tognetti (2010¢hwindicated that low temperatures
reduce tillering (number of tillers per plant). Tére, the low number of haulms per plant
found at Kinigi should be due to the low temperesuprevailing there during the crop growth

cycle.
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4.3 Effect of timing and methods of N-P-K application on Irish potato stem height (cm) and

canopy cover (%)

4.3.1 Effect of timing and methods of N-P-K application on stem height

> Period of 1% 28 days after emergence

At both sites, Kibeho and Kinigi, methods of mirefartilizer application were highly
significant (P<0.001) while timing of applicatiomd interaction between methods and timing
were not significant (P>0.05); but stem height @ased with the time (Appendices 7-8). At 28
days after emergence however, the highest heigh2§8m and 25.70cm at Kibeho and Kinigi,
respectively) were observed in the treatments whackived split application; 50% and 75% of
the total fertilizer rate at planting and the renwag at 14DAE, through localised placement
fertilizer application method ¢, and KT3) at kibeho and the treatment which received 100%
of the total fertilizer rate at planting time thghu localised placement fertilizer applicagtion
method (izT1) at Kinigi. At Kibeho site, the treatment whiclkceived 100% of the total
fertilizer rate at planting time and the treatmtrdt received 75% of the total fertilizer rate at
planting and the remaining at 14DAE had the higt{88t33cm) and lowest (29.93cm) stem
height, respectively while localised placement T82m ) performed better than banding
(28.60cm).

At Kinigi site, the treatment which received 100%dlwe total fertilizer rate at planting time and
the treatment that received 50% of the total fedil rate at planting and the rest at 28DAE had
the highest (25.70cm) and lowest (24.53cm) steghterespectively while localised placement
(26.85cm) performed better than row banding (221W)1cThe grand mean was 30.70cm at
Kibeho site while it was 24.78cm at Kinigi site. Bath sites, localised placement method led to
taller crops compared to row banding. The sigaificdifference between localised placement
and row banding could be due to the weak and shottsystem of Irish potato which was not
yet even fully developed to maximize nutrient apsion rate and root zone exploitation.
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Table 7: Effect of timing and methods of N-P-K (17-17-17) fertilizer application on Irish potato stem height (cm) and canopy cover (%) at Kinigi

Stem Height 14DAE° Stem Height 28DAE Stem Heigl2DAE Stem Height 56 DAE Stem Height 70DAE Canopyerd%)
Methods F1* F2 - F1 F2 " F1 F2 - F1 F2 - F1 F2 - F1 F2 "
= = = = = =
T1% 12.87 14.83 13.85 24.33 27.07 25.10 43.90 4570 .804% | 54.63 61.50 58.08 | 59.53 61.43 60.4B 62.8 78.3 706
T2 11.53 13.40 12.47 21.87 27.23 2435 52.00 61.90 56.95a 64.40 70.90 67.68 | 67.87 75.00 71.48 83.3 106.7 9548
T3 12.13 14.60 13.37 21.87 27.27 24.57 50.13 53.87 52.00a 62.30 67.20 64.7& | 67.70 71.23 69.4& 79.5 92.2 858
T4 11.53 13.43 12.48 22.67 26.40 2453 51.87 53.63 52.75a 63.53 71.27 67.48 | 67.73 72.33 70.08 80.7 89.7 85.ab
T5 12.33 14.40 13.37 22.80 26.27 24.393 51.10 55.57 53.33a 63.13 66.80 64.92 | 67.70 72.33 70.02 71.5 87.5 79.c
Means 12.0&% 14.13a 13.10 22.71b 26.85a 24.78 | 49.80b 54.13a 51.97 61.60b 67.53a 64.57 66.11b 70.47a 68.29 75.60 90.% 83.2
G.M*® GM G.M G.M GM G.M
LSD Fx: Ty FXTy: Fx: Ty FXTy | B Ty FXTy: Fx: Ty FXTyx9 | Fx: Ty R Ty Fx: Ty BTy
0.90 1.43 2.02 1.43 2.27 3.21 3.06 485 6.86 4.15 6.56 .27 3.91 6.19 8.75 6.20 9.80 13.85
CV (%) 9.0 7.6 7.7 8.4 7.5 9.7

Means without any letter or with the same lett@nglthe row for the fertilizer application methd@#x) and along the column for the times of thetilfzer

application (Tx) are not significantly different &SD <0.05.

DAE: Days after emergence

%L Fx: Fertilizer application method: F1: Banding; Eocalised Placement

%2 Tx: Timing of fertilizer application: T1: 100% &értilizer applied at planting time , T2: 50% abi@% of fertilizer applied at planting and weedtirge respectively , T3: 75% and 25% of fertilizer
applied at planting and weeding time respectivalg; 50% and 50% of fertilizer applied at plantingd earthing up time respectively , T5: 75% an®h 28 fertilizer applied at planting and earthing

up time respectively.
* G.M: Grand mean
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Table 8: Effect of timing and methods of N-P-K application on Irish potato stem height (cm) and canopy cover (%) at Kibeho

Stem Height 14DAE

Stem Height 28DAE

Stem Heigt2DAE

Stem Height 56DAE

Stem Height 70DAE

Canopyer (%)

Methods F1*® F2 " F1 F2 " F1 F2 - F1 F2 - F1 F2 - F1 F2 "

= = = = = =
T1% 14.83 16.83 15.83 31.90 32.77 32.3 48.83 50.67 .7549 | 58.23 65.10 61.6¥ | 61.23 68.10 64.6¥ 65.6 4.7 70@
T2 13.53 15.33 14.43 28.67 33.23 30.95 57.03 66.8761.9% | 68.03 74.50 71.2& | 71.03 77.50 745 79.0 99.2 894
T3 14.17 16.60 15.38 26.63 33.23 29.93 55.13 59.3057.2a | 68.03 70.80 68.33 | 68.90 73.80 71.3Hc 76.2 83.3 798
T4 13.53 15.47 14.50 27.90 32.40 30.15 56.90 58.5357.72a | 67.27 74.87 71.0Z2 | 70.93 77.87 74.40 74.8 84.5 798
T5 14.27 16.40 15.33 27.90 32.3 30.12 56.03 60.53 8.2& | 66.73 70.53 68.68 | 69.70 73.47 71.58 71.0 82.7 76.8c
Means 14.0p 16.13a 15.10 28.60b 32.79a 30.70 | 54.7% 59.1& 56.98 6523 71.1& 68.20 68.36b 74.15a 71.25 73.3 84.% 79.1

G.M¥ GM G.M G.M G.M G.M
LSD Fx:0.90 Tx1.44 R Ty Fx: Ty FXTy | Fx: Ty F&Ty: Fx: Ty FXTy: Fx: Ty R Ty Fx: T.:8.48 F*Tx

2.03 1.42 2.24 3.17 3.05 4.83 6.84 4.16 6.57 9.29 4.18 6.61 9.35 5.36 11.99
CV (%) 7.8 6.0 7.0 7.9 7.7 8.8

Means without any letter or with the same lettenglthe row for the fertilizer application methg@#x) and along the column for the times of theilfeer

application (Tx) are not significantly different &SD <0.05.

% DAE: Days after emergence

% Fx: Fertilizer application method: F1: Banding; Eocalised placement

% Tx: Timing of fertilizer application: T1: 100% éértilizer applied at planting time , T2: 50% aB@Pb of fertilizer applied at planting and weediimge respectively , T3: 75% and 25% of fertilizer

applied at planting and weeding time respectival§; 50% and 50% of fertilizer applied at plantam earthing up time respectively , T5: 75% arfth 2 fertilizer applied at planting and earthing

up time respectively.
%" G.M: Grand mean
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Timing didn’t show a significant effect because tlext split fertilizer portions were added to
the soil before the single application and previpagions had been completely removed from
the root zone. The recommended fertilizer rate iadpht planting (1) was still present in the
root zone and was sufficient to cover equally thgparequirements. The differences between
sites in terms of means and grand means are aédhla cool temperatures and high differences
between day and night temperatures prevailing atgkiite. Both factors are known to delay
crop development, thereby lengthening growth anikihg period (Western Potato Council.
2003).

» Period 42-70 days after emergence

At both sites, timing was highly significant (P<0.8t 42 days after emergence) and significant
(P<0.05 at 56 and 70 days after emergence) whiteade were highly significant (P<0.01 at 42

and 56 days after emergence at Kibeho and Kini@idays after emergence at Kibeho) and
significant (P<0.05 at 70 days after emergenceimigl. The interaction between methods and
timing of fertilizer application was all the timeomn significant (P>0.05); but stem height

increased with the time (Appendices 9-11). At bsiths, localised placement method gave taller
crops compared to banding method. At 70 days aftezrgence, highest stem height (77.87cm
and 75.00cm at Kibeho and Kinigi, respectively) evegcorded in the treatment which received,
by localised placement fertilizer application ma&th60% of the total fertilizer rate at planting

and the remaining at 28DAE at Kibeho and the treatrwhich received, by localised placement
application method, 50% of the total fertilizereat planting time and the remaining at 14DAE

at Kinigi.

Duncan Multiple Range Test classified times ofiliegr application in two distinct groups (a
and b), the treatment which received 50% of thal ttgrtilizer rate at planting time and the
remaining at 14DAE came all the time if fosition (74.27cm and 71.43cm at Kibeho and
Kinigi, respectively) while the treatment which eased 100% of the total fertilizer rate at
planting time occupied all the time the last pl&4.67cm and 60.48cm at Kibeho and Kinigi,
respectively). The methods of fertilizer applicatitormed two groups, the®lwas made by
localised placement (74.15cm and 70.47cm at Kibeatb Kinigi sites, respectively) while the
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2" and the last was made by row bamding (68.36cmé#niilcm at Kibeho and Kinigi sites,

respectively) .

The best result of localised placement is attridutethe fact that little or no fertilizer is wadte
as all nutrients come in close contact with feediogts, which are weak and less developed,
and plant use those nutrients efficiently. Sometagges of fertilizer may take place in banding
while some may be localized too far away from thet Isystem. Split application fertilizer gave
taller crops compared to single application. Smpiplication reduces fertilizer leaching losses by
matching fertilizer applications with crop nutriemptake and synchronizes nutrient availability
with crop demand. All other treatments are sigaffity different from the treatment which
received 100% of the total fertilizer rate at piagttime (T;) while all of them are not

significantly different from each other.

At both sites, the treatment which received 50%heftotal fertilizer rate at planting time and the
remaining at weeding was the tallest while thettnemt which received 100% of the total
fertilizer rate at planting time was the shortd@ste results seem to show that much of leached
fertilizer came from the portion applied at plagtiime because at this stage the crop root
system was not yet well fully developed to maximirdrient absorption. The application of
50% of the total fertilizer rate at planting timedathe remaining at 14DAE was the optimal way
to match fertilizer application with crop nutriemptake and to synchronize nutrient availability
with potato demand within time and over all cropwth and development phases. Moreover,
the timing effect became significant during this@®d period because the root system had
developed sufficiently to reach the maximum of pt#ential root zone and optimize nutrient

absorption.

The differences between sites in terms of meadsgaand means of stem height resulted from
cool temperatures and high differences between ataly night temperatures at Kinigi. Both
factors delay crop growth and development, theldebhgthen Irish potato growth and bulking
period. The results are in agreement with the figgiof Jones and Jacobsen (2009) who
emphasized the positive effect, on fertilizer uskciency in general and Irish potato crop

growth and yield in particular, of split applicatiand closer placement (on the seed, seedling or
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crop) of N and K fertilizers. The research resalts in harmony with the research outcomes of
Cumingset al.(1939) who showed the superiority of closer ferstiplacement to other methods
of N, P and K fertilizers application for potatoeBhe results also confim the findings of
Hochmuthet al. (2000) concerning N-P- K fertilizer use for Iripbtato production. The research
found a positive effect of closer placement of McRertilizers and split application on Irish
potato performance in Florida. The results alseagyvith the findings of so many other workers
like Lang et al. 1999), Alberta (2002), Caulegt al. (2004), Royet al. (2006), Jones and
Jacobsen (2009).

4.3.2 Effect of timing and methods of N-P-K application on canopy cover

At both sites, Kibeho and Kinigi, effects of timimgnd methods of mineral fertilizer application
on canopy cover were highly significant (P<0.00hjler effects of interaction between methods
and timing of fertilizer application were not sigoant (P>0.05) ( Appendix 12). However, the
largest canopy cover (99.2% and 106.7% at Kibelabkanigi, respectively) was found from the

treatment which received, through localised plaggniertilizer application method, 50% of the

total fertilizer rate at planting and the remainiatgl4DAE while the narrowest canopy cover
(62.8% and 65.6% at Kinigi and Kibeho, respectivelyas measured in the treatment which
received, by row banding fertilizer application had, 100% of the total fertilizer rate at

planting time.

At both sites, the treatment which received 50%hef total fertilizer rate at planting and the
remaining at 14DAE (89.1% and 95.0% at Kibeho andigf respectively) had the largest
canopy cover and the treatment which received 160%e total fertilizer rate at planting time
(70.2% and 70.6% at Kibeho site and Kinigi sitespetively) had the narrowest canopy cover
while localised placement (84.9% and 90.9% at Kibelnd Kinigi, respectively) performed
better than row banding (73.3% and 75.6% at Kibeee Kinigi, respectively). The grand mean
was 79.1% at Kibeho site while it was 83.2% at Hirsite. At both sites, localised placement
method resulted in larger canopy covers comparecbwo banding which resulted in narrow
canopy covers. The significant difference betwemalised placement and banding could be due
to the fact that little or no fertilizer is wastadlocalized placement method as all nutrients come

in close contact with feeding roots, which are weakl less developed, and plants use those
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nutrients efficiently to develop more vegetativerbass (Mahmoodt al. (2002). Some wastage
of fertilizer may occur in row banding while sommay not be reached by the crop root system
(Mahmoodet al.,202). Split application of fertilizer resulted inlage canopy cover compared

to single application (Gathunga al, 2000).

The best result of split application is attributedhe fact that it reduces fertilizer leachingsies

by matching fertilizer applications with crop netnt uptake and by synchronizing nutrient
availability and crop demand (Gathungt al, 2000). All other treatments are significantly
different from the treatment which received 100%tlod total fertilizer rate at planting time
while all of them are not significantly differentom each other except the treatment which
received 50% of the total fertilizer rate at plagtiand the remaining at 14DAE which was the
1% The application of 50% of the total fertilizerteaat planting time and the remaining at
14DAE was the optimal way to match fertilizer apption with crop nutrient uptake and to
synchronize nutrient availability and potato demavithin time and over all crop growth and
development phases. Split application and localiglkedement resulted in taller plants which
should normally have a large number of branches laades. Both branches and leaves are
components of the crop canopy. These growth cheatits should result from a vigorous root
system which is well developed and properly esshili. Taller plants with a vigorous root

system, and a large number of branches and leawe&pected to produce a large canopy cover.

The timing of application of fertilizer (especialN) is an important factor which determines the
rate of vegetative growth (leaves and branchingl) @anopy cover standing and structure. The
key to plant growth and development depends onet$tablishment of vigorous and well
developed root system, a strong and well shapetcbiag type and a healthy large LAI that is
durable through the reproductive phase, achievenigih adequate N, P, K and water supply in
addition to solar radiation (Gathungt al, 2000). Taller plants, normally with normally hig
number of leaves, large canopy cover and probabbatgr LAl (Leaf Area Index), were
observed in potatoes that received split applicavd fertilizer through localized placement
method. Hence, split application combined with lzea placement of the fertilizer enabled a
high interception of solar radiation, mainly duethe taller plants with normally high number of

leaves and branches, large canopy cover and grphteosynthetic surface area of the crop
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(LAI). This resulted in increased photosynthetipaety and supply of the photoassimilates
leading to increased growth (Gathurgfual, 2000). Single application resulted in shortempd
with normally low number of leaves, low number oamches leading to a narrow canopy cover,

low LAI and less developed root system during thpartant period of growth stages.

The results agree with the findings of Hopketsal. (2008), who demonstrated that potatoes
require a modest amount of N early in the seasoadequate canopy development. The same
authors also found that mid-season deficiencie®l obduce canopy growth and often cause
premature senescence, which can reduce yieldsd&gdhey argued that excess mid-season N
slows tuber bulking in favor of vegetative growithis study’s results are also consistent with
the research findings of other researchers whoddliat synchronizing N availability and potato
demand is recommended in order to maximize potatethy and development, tuber yield, tuber
quality, and N efficiency (Errebtat al (1998), Gayleet al. (2002), Munozet al. (2005), Stark

et al. (2003), Waddelkt al. (2000) and Westermann (2005)). The results contirenfindings of
Roy et al. (2006), Jones Jacobs€B009) and Alberta (2002) who recommended plac¢mmieR

and K fertilizers close to the root system andtsgtiplication of these fertilizers in order to
minimize fixation of P and leaching of K. Moreovétahmoodet al. (2002) focused a research
on comparing different methods of fertilizer apption vs broadcasting, placement and banding
in Islamabad (Pakistan), they found that in termsamopy cover, banding and placement were
in the same homogenous group but placement gagerlaranopy cover on average than

banding.
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4.4 Effect of timing and methods of N-P-K application on Irish potato yield components
and total tuber yield

4.4.1 Effect of timing and methods of N-P-K application on the number of potato tubers
per plant

At both sites Kibeho and Kinigi, methods and timiaf fertilizer application were highly
significant (P<0.001) while interaction between hoets and timing of fertilizer application was
not significant (P>0.05) (Appendix 13). However, mdubers per plant (12.03 and 16.07 at
Kibeho site and Kinigi site, respectively) wereahed from the treatments which received split
application, using localised placement method, Bi®%6 of the total fertilizer rate at planting
time and the remaining at 14DAE,{R); fewer tubers per plant (8.57 and 8.13 at Kibsite
and Kinigi site, respectively) were obtained frame treatments which received single fertilizer

application using row banding method Th).
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Table 9: Effect of timing and methods of N-P-K application on potato yield componentsand tuber yield at Kibeho site

Number of tubers per plant Total tubetdyig ha?) Medium size yield (t h9 Small size yield (t h§
Methods F1*® F2 o F1 F2 o) F1 F2 9 F1 F2 o
Times § § § §
= = = =
T1% 8.57 9.63 9.10c 8.70 11.83 10.27 7.53 9.90 8.72 2.03 3.50 2.767
T2 10.00 12.03 11.e2 | 12.70 16.77 14.78 10.53 13.60 12.0&2 | 3.20 4.86 4.0a
T3 9.80 11.17 10.48® 11.70 13.20 12.46 9.80 10.90 10.36 3.46 3.83 3.6a
T4 9.73 11.17 10.4H | 12.23 13.80 13.08 10.20 11.33 10.78 3.60 4.00 3.8@
T5 9.70 10.13 9.9Bc 10.67 13.43 12.06 9.00 11.07 10.08 3.13 3.93 3.5a
Means 9.56 10.8% 10.19 11.2Mm 13.81a 12.50 9.41b 11.36a 10.39 3.08b 4.02a 3.55
G.M*® GM G.M G.M
LSD Fx: Tx: FE Ty Fx: Ty BTy Fx: Ty F&Ty Fx: Ty BTy
0.62 0.98 1.39 1.07 1.69 2.39 0.81 1.28 1.81 0.38 0.60 0.85
CV (%) 8.0 111 10.2 14.0

Mean without any letter or with the same lettemgléhe row for the fertilizer application methd@#) and along the colum for the times of theiligdr application

(Tx) are not significantly different at LSD®05.

38 £x: Methods of fertilizer application/ F1: bandjri?: localised placement

39 Tx: Timing of fertilizer application:/T1: 100% dértilizer applied at planting time , T2: 50% aB@i% of fertilizer applied at planting and weedtiige respectively , T3: 75% and
25% of fertilizer applied at planting and weedimmé respectively, T4: 50% and 50% of fertilizepphgd at planting and earthing up time respectivelyd T5: 75% and 25% of
fertilizer applied at planting and earthing up tirespectively.

40 G.M: Grand mean
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Table 10: Effect of timing and methods of N-P-K application on potato yield componentsand tuber yield at Kinigi site

Number of tubers per plant

Total tuber yiglda®)

Big size yield (t hH

Medium size yield (t h%

Small size yield (t h§

41
-Il\f::zSds FI F2 % F1 F2 % F1 F2 % F1 F2 % F1 F2 %

= = = = =
T1% 8.13 9.53 8.8® 9.97 13.67 11.82 | 2.433 3.40 2.9 5.00 6.77 5.88 2.53 3.50 3.0t
T2 11.50 16.07 13.88 | 14.67 19.33 17.G0 | 3.667 4.80 4.23 7.30 9.67 8.48 3.70 4.86 4.2&
T3 10.80 14.00 12.40 | 13.50 16.03 14.%v | 3.333 4.06 3.70 6.70 9.67 7.37 3.46 3.93 3.7
T4 11.93 14.00 12.97 | 14.13 15.93 15.08 | 3.500 3.96 3.78b 7.03 8.00 7.58 | 3.60 4.00 3.80
T5 11.00 12.63 11.82| 12.30 15.50 13.96 | 3.000 3.73 3.36c 6.17 7.83 7.00 3.13 3.93 3.5%
Means 10.6d 13.2m 11.96 1291 16.09a 14.50 3.187b 3.99a 3.59 6.4 8.0 7.25 3.28b 4.04a 3.66

G.M® GM G.M G.M G.M
LSD Fx: Ty R Ty F:1.24 T T Fx: T«0.50 R Ty Fx: Tw R T Fx: Ty R T

1.16 1.83 2.58 1.96 2.77 0.32 0.71 0.63 1.00 1.41 0.30 0.48 0.68

CV (%) 12.6 11.1 11.6 11.4 10.9

Mean without any letter or with the same lettemglohe row for the fertilizer application methd@#) and along the colum for the times of theiliggr application

(Tx) are not significantly different at LSD®05.

** Fx: Methods of fertilizer application/ F1: bandingddr2:localised placement

2 Tx: Timing of fertilizer application:/T1: 100% of féizer applied at planting time , T2: 50% and 5@%fertilizer applied at planting and weeding timespectively , T3: 75% and

25% of fertilizer applied at planting and weedimmée respectively, T4: 50% and 50% of fertilizephg@d at planting and earthing up time respectivelyd T5: 75% and 25% of

fertilizer applied at planting and earthing up tirespectively.

* G.M: Grand mean
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At the two sites, the treatment which received Sfi%he total fertilizer rate at planting time and
the remaining at 14DAE was thé (11.02 and 13.78 at Kibeho and Kinigi sites, resipely)
while the treatment which received single fertitiapplication occupied the last place (9.10 and
8.83 at Kibeho and Kinigi sites, respectively). aliged placement (10.83 and 13.25 at Kibeho
and Kinigi, respectively) performed better than doanding in both locations (9.56 and 10.67 at
Kibeho site and Kinigi site, respectively. Duncamiltiple Range Test classified times of
application in different groups: a{T ab (% and T), bc (Ts) and ¢ () at Kibeho; and a ()
and b (|, T3, T, and ) at Kinigi. The grand mean was 10.19 at Kibeholevitiwas 11.96 at
Kinigi. At both sites, localised placement method produnede tubers per plant compared to
row banding. The best results of localised placentes®) are due to the fact that little or no
fertilizer was wasted as all the nutrients comelase contact with feeding roots and the plants
use those nutrients efficiently. Some wastage iilifeer may occur in banding due to leaching
or to the roots being unable to reach the fertilipealized too far from them. Split-application

of fertilizer yielded more tubers per plant commhie single application.

The best result of split application is due to thet that it reduces nutrient leaching losses by
matching fertilizer applications with crop nutriemfptake and by synchronizing nutrient
availability and potato demandhe treatment which received 50% of the total lieer rate at
planting time and the remaining at 14DAE yieldedrentubers per plant than the others. This
performance of this treatment in terms of the nendd tubers per plant could be due to the fact
that it received the best averaged portion oflieeti (50%) at planting time and the remaining at
14DAE, the period of tuberization initiation, whib¢hers (T, T3 andTs) received at least 75% of
the recommended rate at planting time, the periaghg which the rate of leaching was the
highest and the crop root system was not yet wasletbped. Compared to the treatment which
received 50% of the total fertilizer rate at plagtitime and the remaining at 28DAE,);Tthe

T Timing of fertilizer application:/T1: 100% of féizer applied at planting time , T2: 50% and 50%ertilizer applied at

planting and weeding time respectively , T3: 75% a86% of fertilizer applied at planting and weedtimge respectively, T4:
50% and 50% of fertilizer applied at planting aradtleing up time respectively and T5: 75% and 285%ertilizer applied at
planting and earthing up time respectively.

* Fx: Methods of fertilizer application/ F1: banding dr2t localised placement

56



difference is attributed to the fact that réceived the second half a bit late (at earthingjme),
tuberization had already started. The supplemeriéatyizer portion should be more channeled
for shoot growth and development than for tubemfation and bulking or swelling. A split
application with 50% of the total fertilizer rat@p@ied at planting time and the remaining at
14DAE (T,) was the optimal way to match fertilizer applioats with crop nutrient uptake and to
synchronize nutrient availability and potato demavithin time and over all crop growth and

development phases.

The differences between Kibeho and Kinigi sitetenmns of means, grand means and the number
of groups (referring to Duncan’s Multiple Range fjeare attributed to cool temperatures and
high differences between day and night temperatatréSnigi. Both factors are known to delay
crop development, thereby lengthening growth anikitg period. At Kinigi treatments got

more time to recover small differences raisingrimtediate groups at Kibeho.

4.4.2 Effect of timing and methods of N-P-K application on total tuber yield

At both sites, Kibeho and Kinigi, effects of metkoand timing of fertilizer application were
highly significant (P<0.001) while effects of indéetion between both factors were not
significant (P>0.05)(Appendix 14). However, higlyezlds (16.77 t/ha and 19.33 t/ha at Kibeho
site and Kinigi site, respectively) were obtaingdni the treatments which received split
application, by localised placement fertilizer apgifion method, with 50% of the total fertilizer
rate at planting and the remaining at 14DAETH;, lower yields (10.27 t/ha and 11.82 t/ha at
Kibeho site and Kinigi site, respectively) were m@&d in the treatments which received single
application of the fertilizer by row banding meth@dT,). At the two sites, the treatment which
received 50% of the total fertilizer rate at plagtiime and the remaining at 14DAE,(Tame

in 1% position (14.73 t/ha and 17.00 t/ha at Kibeho aftd Kinigi site, respectively) while the
treatments which received single application of fémdilizer at planting time () occupied the
last place (10.27 t/ha and 11.82 t/ha at Kibehe aitd Kinigi site, respectively). Locaalised
placement (13.81 t/ha and 16.09 t/ha at Kibeho aig Kinigi site, respectively) performed
better, in both locations, than row banding (11/8a and 12.9 1t/ha at Kibeho site and Kinigi
site, respectively). Duncan’s Multiple Range Tdassified times of application, over both sites,
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in different groups: a @), b (Ts, T4 and &) and ¢ (T). The grand mean was 12.50 t/ha at
Kibeho site while it was 14.56 t/ha at Kinigi sifEhe overall increase in yield with localised
placement method over row banding was 23.30% argi32¢ respectively at Kibeho site and
Kinigi site. The increase with,T T4, T3 and T over Ty was 43.43%, 26.78%, 21.23%, 17.33%
and 43.82%, 27.16%, 24.96%, 17.60% at Kibeho sitekinigi site, respectively. At both sites,

localised placement method produced more tuberplpst than banding.

The best result of localised placement is due ¢ofélat that little or no fertilizer was wasted as
all the nutrients come in close contact with fegdmots and plants use those nutrients
efficiently. Some wastage of fertilizer may occabianding while some may be localized too far
away from the root zone to be reached and absorBetit application of the fertilizer yielded
more total tuber yields than single applicationlitSgpplication reduces fertilizer leaching losses
by matching fertilizer applications with crop netmi uptake and synchronizes nutrient
availability with crop demandlhe treatment which received 50% of the total iedr rate at
planting time and the remaining at 14DAEy)Vielded more total tuber yield than the others.
This performance of the treatment which receiveth %0 the total fertilizer rate at planting time
and the remaining at 14DAE in terms of the totddetuyields could be due to the fact that it
received the best averaged portion of fertiliz&03%) at planting time and the remaining at
14DAE, the period of tuberization initiation, whitee others (7, Tz and T) received at least
75% of the recommended rate at planting time, #regd during which the rate of leaching was
the highest and the crop root system was not ydt deeeloped. Compared to the treatment
which received 50% of the total fertilizer ratepéanting time and the remaining at 28DAE),T
the difference is attributed to the fact thatrdceived the second half four weeks after emergenc
(a bit late and at earthing up time), tuberizatiaal already started. The supplementary fertilizer
portion should be more channeled for shoot growith @development than for tuber formation

and bulking (swelling). A split application with0% of the total fertilizer rate applied at

“*Tx: Timing of fertilizer application:/T1: 100% of feliier applied at planting time , T2: 50% and 56f4ertilizer applied at

planting and weeding time respectively , T3: 75% 86% of fertilizer applied at planting and weedtimge respectively, T4:
50% and 50% of fertilizer applied at planting aradtleing up time respectively and T5: 75% and 28%ertilizer applied at

planting and earthing up time respectively.
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planting time and the remaining at 14DAE,XTwas the optimal way to match fertilizer
applications with crop nutrient uptake and to syoaize nutrient availability and potato demand

within time and over all crop growth and developingmases.

The differences between Kibeho and Kinigi sitetenmns of means, grand means and the number
of groups (referring to Duncan’s Multiple Range fjeare attributed to cool temperatures and
high differences between day and night temperatatrésnigi. Both factors are known to delay
crop development, thereby lengthening growth anikitg period. At Kinigi treatments got
more time to recover small differences raisingnmtediate groups at Kibeho.

4.4.3 Effect of timing and methods of N-P-K application on tuber gradesyield

Large size tubers: only Kinigi site produced tubers of large size, Kibeho site didmddpce
any. Timing and methods of fertilizer applicatiorere highly significant (P<0.001) while the
interaction between methods and timing of fertdizapplication was not significant
(P>0.05)(Appendix 15). However, the highest lange suber yield (4.8 t/ha) was obtained from
the treatments which received split applicatiorthe fertilizer applied by localised placement,
with 50% of the total fertilizer rate applied atpting time and the remaining at 14DAETE)
while the lowest large size tuber yield (3.4 t/lveds obtained from the treatments which
received, by banding method, a single applicatioth® total fertilizer rate (H1). The treatment
which received 50% of the total fertilizer ratepgnting time and the remaining at 14AED)XT
was the 1 (4.2 t/ha) while the treatments which receivedjgirapplication of the total fertilizer
rate at planting time () occupied the last place (2.9 t/ha). Localiseccgraent (3.99 t/ha)
performed better than row banding (3.18t/ha). DaiecMultiple Range Test classified times of
application in different groups: a £f), b (T3), ab (Tz), bc(Ts) and ¢ (T). The grand mean was
3.59 t/ha.

7 Tx: Timing of fertilizer application:/T1: 100% of feliier applied at planting time , T2: 50% and 56f4ertilizer applied at

planting and weeding time respectively , T3: 75% 286% of fertilizer applied at planting and weedtimge respectively, T4:
50% and 50% of fertilizer applied at planting aradtleing up time respectively and T5: 75% and 28%ertilizer applied at

planting and earthing up time respectively.
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Medium size tubers: at both sites, Kibeho and Kinigi, effects of meth@hd timing of fertilizer
application were highly significant (P<0.001) whééects of interaction between both factors
were not significant (P>0.05)(Appendix 15). Howevtre highest medium size tuber yields
(13.60 t/ha and 9.67 t/ha at Kibeho and Kinigipezgively) were obtained from the treatments
which received split application, by localised @awent fertilizer application method, with 50%
of the total fertilizer rate applied at plantingdatine remaining at 14DAE {IF,) and the lowest
medium size tuber yields (7.53 t/ha and 5.00 tthidileeho and Kinigi sites, respectively) were
obtained from the treatments which received sirapplication of the fertilizer by banding
method (krT,). At the two sites, the treatment which receiv@do5of the total fertilizer rate at
planting time and the remaining at 14DAE)®ccupied the *Lplace (12.07 t/ha and 8.48 t/ha at
Kibeho and Kinigi sites, respectively) while thedatments which received single application of
the total fertilizer rate at planting time ijToccupied the last place (8.72 t/ha and 5.88 atha
Kibeho and Kinigi sites, respectively). Localiseg@¢ment (11.36 t/ha and 8.06 t/ha at Kibeho
site and Kinigi site, respectively) performed betia both locations, than row banding (9.41
t/ha and 6.44 t/ha at Kibeho site and Kinigi srespectively). Duncan’s Multiple Range Test
classified times of application, in different greum (%*%), b (T3, T and &) and c (%) at
Kibeho site; a (3), b (T, Ts), ab () and ¢ () at Kinigi site. The grand mean was 10.39t/ha at
Kibeho site while it was 7.25 t/ha at Kinigi sit&t both sites, localised placement and split

application performed better than row banding andls application, respectively.

Small size tubers: at Kinigi, methods and timing of fertilizer appltean were highly significant
(P<0.001) while at Kibeho methods and timing otiliger application were highly significant
(P<0.001) and significant (P<0.05), respectivihg interaction between the two factors was not
significant at both sites (P>0.05) (Appendix 15pwever, higher small size tuber yields (4.86
t/ha) were obtained from the treatments which resksplit application, by localised placement,
with 50% of the total fertilizer rate applied dapting and the remaining at 14DAE,(R);

“ Tx: Timing of fertilizer application:/T1: 100% of feliier applied at planting time , T2: 50% and 56f4ertilizer applied at

planting and weeding time respectively , T3: 75% 86% of fertilizer applied at planting and weedtimge respectively, T4:
50% and 50% of fertilizer applied at planting aradtleing up time respectively and T5: 75% and 28%ertilizer applied at

planting and earthing up time respectively.
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lower small size tuber yields (3.50 t/ha) were ot#d from the treatments which received single

application of the fertilizer by the row bandingtmad (RT,).

At the two sites, the treatment which received Sif%he total fertilizer rate at planting and the
remaining at 14DAE (J) occupied the *iplace (4.03 t/ha and 4.28 t/ha at Kibeho sitekinébi
site, respectively) while the treatments which rem@ single application of the total fertilizer
rate at planting (J) occupied the last place (2.76 t/ha and 3.01 #&h&ibeho and Kinigi,
respectively). Localised placement (4.02 t/ha aridl 4/ha at Kibeho and Kinigi, respectively)
performed better, in both locations, than row bagdB.02 t/ha and 3.28 t/ha at Kibeho site and
Kinigi site, respectively). Duncan’s Multiple Rangeest classified times of application in
different groups: a (I T3, T4 and &) and b () at Kibeho; a (3), b (Ts, T4 and ) and c(%) at
Kinigi. The grand mean was 3.55 t/ha at Kibeho w/iilwas 3.66 t/ha at Kinigi. At both sites,
localised placement and split application yieldeorensmall size tuber yields than banding and

single application, respectively.

The results are in agreement with the findings ehs€l and Locascio (1987) who conducted a
research on” Effect of rates, form, and applicatilate of nitrogen on growth of potatoes” and
found significant effects of date and split apgiica on yields; split application performed better
than single application. The results also agreé whe findings of Reiteet al. (2009) who
recommended split application (three way-splitveo ivay-split) of nitrogen fertilizer in order to
maximize potato tuber yields. The results are ctest with the findings of Hochmuth and
Cordasco (2000) who proved the performance of NKafettilizers split application. For P, split
application was recommended, by the same researdhecase of water soluble fertilizer use.
The results are in agreement with the findings o&ébarthet al. (2012) who found out the
performance, in terms of potato tuber yield, oftgggbplication and localized fertilizer placement
compared to single application and other formsediilizer placement, respectively. The study’s
results also agree with the findings of Askew (1)992e author recommended split application
of N and K fertilizers on one hand and closer ptaeet of N, P and K fertilizers to the proximity
of crop root system on the other hand in order &ximize potato tuber yields.
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The research’s results are consistent with therfgelof Hawkins (1954) who did a research on
“Time, method of fertilizer application and placemef fertilizer for efficient production of
potatoes in new England”. He found that side plaa@rof fertilizer resulted in more tuber yields
than other methods of fertilizer application. Theults are also in agrrement with the findings of
Mohamoodet al. (2002) who did a reserch whith the objective tmpare different methods of
fertilizer application vs broadcasting, placementl danding and found out the superiority of
placement over banding and broadcating in termsoibfcoverage and yields. The results aalso
agrre with the findings of Tandon and Roy (2004}amms of integrated nutrient management
where they suggested split application of N anaKilizers and side placement of P fertilizer for

optimum fertilizer use efficiency and maximum yield

The study’s results are consistent with the findinfj Zebarthet al. (2012) who recommended
closer placement of N fertilizer to root system atsdsplit application in case of potential
leaching in order to optimize nutrient managemeat maximize tuber yieldS'he results agree
with the findings of Zaag (1981) research. Focusiisgesearch on soil fertility requirements for
potato production, he recommended split applicabbriN fertilizer in order to minimize its
leaching loss, to optimize nutrient efficient used anaximize yieldThe study’s results are in
agreement with the findings of Waterer and Heaf®8 who recommended split application of
N, K (and even P if necessary) fertilizer and tloémiser placemen to crop root system in order
to optimize fertilizer use efficiency and maximipetato tuber yield. Also Langt al. (1999)
focuse their research on “Potato nutrient managénfen central Washington”, and
recommended split application of N and K fertilizgrd closer placement to crop root system of
N, P and K fertilizer in order to optimize nutriarge efficiency and maximize potato tuber yield.
However, the research results disagree with tréirfgs of some researchers. This is the case for
Khanet al. (2007) who did a research on” Evaluation of vasiowethods of fertilizer application
in potato Golanum tuberosurh.)” and proved the superiority of banding overgament in
terms of almost all growth and yield parameters.

Effect of N-P-K timing and methods of application on potato growth and development
One of the challenges of Irish potato producti@wih any crop, is the efficient management of

nitrogen fertilizers. N is the most limiting factior crop production and is higher in concentration
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than all other mineral nutrients in most plantsa(st 2000 and Westermann, 2005). In potatoes,
N rivals only K in highest mineral concentration €g¢ermann, 2005). Potatoes are especially
sensitive to N deficiencies and excesses (StalQ)RExcessive N fertilizer applied at or before
tuberization can extend the vegetative growth pkaind delay tuber development, resulting in a
lower tuber yields and diminished tuber qualityaf® 2000 and Pacét al., 2006). However,
too much N applied later in the season can delatunitya of the tubers, reducing yields and
adversely affecting tuber quality and skin set. ¥&sely, under-application of N at any point in
the season can result in lower tuber yields andiaed profits (Stark, 2000 and Paek al.,
2006).

Increase in yield depends on increase in the digsméplants which depends on the amount of
photoassimilates fixed through photosynthesis (bay990). Solar radiation interception, water
supply, CQ availability, air/soil temperature, and mineratnents are factors that determine the
amount of photosynthesis (Kormondy, 1996). In #tigly, plants treated with split application
and localized placement showed taller plants whimtmally should have high number of leaves,
high canopy cover and high LAI (even if it has been measured during the study but its trend
can be predicted by simulation on the basis of omeals parameters). These growth
characteristics should result from a vigor roottsyswell developed and properly established.
Taller plants with a vigorous root system, high aqan cover and higher LAI should lead to
higher photosynthesis rate resulting in good s®reapacity, and then big and high number of
tubers leading to high tuber yield.

The tuber vyield increase resulted from stimulatainstolons branching, promotion of shoot
growth of potatoes and tubers swelling. The tinofigpplication of fertilizer (especially N and
K) is an important factor in determining the rategoowth and yield of a plant. The key to plant
growth and development depends on the establishofengorous and developed root system
and a healthy large LAl that is durable throughphaductive phase, achieved through adequate
N, P, K and water supply. In this study, talleraa which normally should have high number of
leaves, high canopy cover and probably greater Wdre observed in potatoes that received
split application of fertilizer through localizedlagement method. Hence, split application

combined with localized placement of the fertilizexabled a high interception of solar radiation,
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mainly due to the taller plants normally with hignmber of leaves, high canopy cover and
greater photosynthetic surface area of the crop)(LPhis resulted in increased photosynthetic

capacity and supply of the assimilates leading¢toeiased growth.

The greater growth in split application and lozatl placement of fertilizer may have resulted
into faster and balanced root growth, increaseulkibg rate, high number of tubers and high
tuber grades yield and high total tuber yield. Fast balanced root growth enables faster shoot
growth rates since there is greater capture ofrathiients resulting from increased root surface
area of absorption. Apart from affecting root growincreased growth may have led to more
total dry matter accumulation and translocationo intbers, and hence, leading to high
tuberisation and tuber dry mass yields in the pestreated with localized placement and split
application (Gunasema and Harris, 1968). This ¢telig and high number of tubers and better
yield in the concerned treatments. It has beenesigd that split application of fertiliser leads to
increased growth and hence improved yield overyapplthe fertiliser whole at planting (Kidin
and Zamaraev, 1996) and the statement was confibyagsults of this study. In this study,
potatoes that received split application (secondiqrg of fertilizer at 28DAE (7) didn’t show
the same performance (number of tubers per plaheaen tuber yield) as the ones who received
it at 14DAE (T). This suggests that the growth that occurredr dfte additional supply (at
earthing up time) was mostly manifested in mainmeeaof vegetative phase with very little
concomitant increase in tuber growth. Due to thditamhal supply of fertilizer at this second
time, there was increase in growth to catch upgde to other treatments but this was more
manifested in vegetative than size/number of tulaed tuber yield; tuberization had already
started. These results therefore show that potadwth, development and production will be
improved most by fertilizer localised placement amiit application but the additional supply
being executed exactly fifteen days after emergefare simply before thirty days after

emergence).

Single application resulted in shorter plants whicihmally should have low number of leaves,
low canopy cover, low LAI and root system less deped during major growth stages of the
crop. The low canopy cover and LAl led to low imiption of solar radiation and hence low

photosynthetic capacity to support growth, develeptrand maintenance of vegetative and yield
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parts. Consequently, these potatoes showed infeaights, number of tubers per plant, tuber
size and tuber yield. Addiscogt al. (1992) proved that the availability of applied N ttee
potato crop depends on the method of fertilisediegion. He continued by saying that even if
N is mobile and then its method of application Elmalve a little effect, under water stress
conditions the effect should become significantisThias the case for thé' Hays of our field

experiment, the crop sometimes received littlefadlin

The performance of N, P and K fertilizer placementhe proximity of the crop root system
(localized placement) over other methods of apptioahave been supported by the findings of
some other researchers: Jones and Jac@¢p868), Royet al. (2006), Alberta (2002), Langf al.
(1999), Jones and Jacobsen (2001) among otherstddgs results, however, suggest that split
application and localized placement of N-P-K witle tadditional fertilizer applied exactly fifteen
days after emergence (or simply before thirty daganted from emergence) will improve
growth, development, yield components and totaétwield. Additional supply of the fertilizer
applied late (after fifteen days following emege&noonly led to delayed growth and
development at the expense of tuber initiation botking. Single application and banding
method led to poor growth and development, low itupeld components and low total tuber
yield. Single application, late split applicationdabanding may not be adapted for increased

yields in potatoes.

Effect of N-P-K timing and methods of application on potato tuber yield components and
total tuber yield

Increase in potato yield is mainly due to increasenumber and size of the potato tubers
(Kotsyuk, 1995). The number and size of tubers depen the rate of tuber initiation and the
amount of photoassimilates generated through piotiossis. N has been shown to affect tuber
initiation and the rate and amount of photosynthdt€ormondy, 1996; Salisbury and Ross,
1991). The study’results showed that both methadstame of application of N-P-K affected
potato tuber number, tube grades and tuber yietdtalised placement and split application
(early split application) had the highest numbetutfers and the highest tuber yield while row
banding and single application had the lowest \&aldéne number of tubers per plant, tuber

grades and tuber yield were affected by methodegrtifizer application. The results therefore,
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suggest that localized placement and banding Hedtefn tuber initiation and hence the number
of tubers per plant and tuber size of these posafbeis suggests that the observed differences in
yield were explained by differences in both pararsttuber number per plant and tuber
size/weight. Although tuber weight per plant was recorded in this experiment, it is likely to

have been highest with potatoes that receivedilmmhplacement.

High tuber yields may have resulted from high drasses due to the accumulation of
photoassimilates (photosynthates), that were highthiese potato due to an appropriate
establishment of a vigorous root system, tallemislaand large canopy cover, and probably
greater LAl as already discussed. In addition,sitmore of the result of translocation of
photoasssimilates towards the tubers than the shodhese potatoes. The results of this study
show that time of application of fertilizer affedt@otato number of tuber per plant, tuber size
and tuber yield significantly. High number of tulyger plant, superior tuber grade and tuber
yields were obtained in potatoes that had earlyt $plowed by late split and lastly single
application of the fertilizer. As already discussedrly split application of N-P-K led to high
rates of growth and development resulting in rogtteam well developed, taller plants, high

canopy cover and probably high number of leavesgaeat LAI.

The increase in root growth and development reduhlieincrease in both the number (tuber
initiation) and size (bulking rate) of tubers. Heglgrowth (stem height-number of leaves-canopy
cover and probably LAI) may have led to more tabyl matter accumulation and translocation
into tubers and most assimilates were channeledrttsmuber growth than vegetative growth.
Martin (1995) suggested that N supply increasesltination of tuber bulking and this may result
in large sized potato tubers hence high yields.sphorus application affects crop growth by
increasing radiation interception (over the whatason) or by increasing light use efficiency.
The former is likely to be more important than ta#er, therefore enhancing canopy growth
becomes more important (Hakoomat and Muhammad, )2084nilarly, Westermann and
Kleinkopf (1985) reported that plant nutrient comications and uptake rates play a major role in
maintaining a plant top which leads to increasdzttyields. Soltanpour and Cole (1978) found
that proper application of N and P fertilizers mased leaf, stem and tuber growth rates and,

consequently tuber yields.
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Potassium is essential for photosynthesis, stanghdtion, and the translocation of sugars. It is
also important in helping plants adapt to environtakstress (Havliet al, 1999). The response
to K* uptake by crops depends to a considerable extetiteolevel of N nutrition. Generally, the
better the crop is supplied with N the greaterytigdd increase due to K supply (Havit al,
1999). In this study, early split application of KiPnay have led to early tuber initiation. The
tubers therefore, had a long bulking period resglin high number of tuber per plant, large
sized tubers and hence more tuber yield. Potategsé¢ceived late split application had lower
yields than that received early split applicatidrNeP-K. It is possible that the later fast growth
rate, late in the season, did not support incrgaseber number or sizes of the potatoes. This
therefore, suggests that the late added N-P-K subported more vegetative growth rather than
tuber growth and size. It has been proved thabkstement of a high LAl and leaf area duration
early in the growth will increase the photosyntbeapacity and the amount of photosynthates

produced and, consequently, greater productionni®¢ady, 1996).

Conversely, a late establishment of the vegetafreavth will lead to low photosynthesis hence
low production. In this study, the potatoes whiebeaived late split application of N-P-K showed
lower potato yields. This occurred since the pldrag the fewest tubers per plant. It is therefore
suggested that the potatoes receiving late additidrP-K supports more vegetative growth than

tuber growth. These potatoes therefore showed |gigéds.

The method of application of N-P-K affected tubamiber per plant, tuber size and tuber yield.
The optimal result of localised placement is attidal to the fact that little or no fertilizer is
wasted as all nutrients come in close contact ¥adding roots, which are weak, shallow and
less developed, and plant use those nutrientsiesfflg. Some wastage of fertilizer may take
place in banding while some may be localized toafaay from the root system. It is therefore
concluded that localized placement method of appba of N-P-K shall be adopted with early
split application (50% of the rate applied at plagtand 50% applied at 14DAE). It suggests that
localized placement method of N-P-K with earl spigplication will improve yield and yield
components of potatoes. Banding, single and ldie agplications don’t lead to similar yield
improvements in potato; they shall not be adoptedricreasing yields in potatoes. It is possible

that where N-P-K was applied through single appbea the plants root system was not fully

67



developed hence much of the applied fertilizer waisabsorbed and stored in the plant system.
More fertilizer was, therefore, lost through wageosion or leaching from the soil. In early split
application of NPK, the crop had a well developedt isystem and therefore most of the applied
fertilizer was absorbed into the plant system withig portion not used in the growth but being

stored in tuber tissues.

In this study, there were some differences betwaenlocations in terms of yields and yield
components. These differences between both losationld be attributed to weather difference
between the sites besides other probable causissmBly due to the weather difference between
the two locations in terms of rainfall (annual a®&hsonal average), daily temperatures and daily
temperature ranges. At Kinigi site, both montlynfall amount (consequently soil humidity) and
daily temperature ranges were higher while dailg average temperatures were lower than the
ones at Kibeho site. The number of tubers set [t ;s greater at lower temperatures than at
higher temperatures and cool night temperatures imgortant because they affect the
accumulation of carbohydrates and dry matter in tiflgers. At lower night temperatures,
respiration is slowed, which enhances storage atistin the tubers (Western potato council,
2003). Potatoes require a continuous supply of wailer along with adequate soil aeration.
Yields are greatest when soil moisture is mainthiabove 65% of the available soil water
capacity (Western potato council, 2003). All thesentioned weather factors are known to
shorten vegetative growth rate, to stimulate tubetiation, to increase photoassimilates
translocation and storage rate, to lengthen tublkirig period and then to lead to big and high

number of tubers and great tuber yield (Westeratpatouncil, 2003).

Another factor that caused differences betweentwlmelocations is soil texture: it was sandy
loam and silty clay loam at kinigi and Kibeho, resfively. It has been shown that well-drained
soils with loamy sand to sandy loam textures aresiciered most suitable for potato production.
These soils have an adequate capacity to retaiaerwatovide sufficient aeration for root and
tuber development and favourable conditions fomiuhg and harvesting (Western potato
council, 2003). Farmers are successfully produpoigtoes on silt loam, sandy clay loam; silty
clay loam and clay loam textural classes even thahgse soils are not considered ideal for

potato production. These finer texture soils amprto water erosion in undulating landscapes,
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poor to fair internal drainage and soil clod forioatif tilled when wet. A soil that contains a
large amount of clay (fine textured soil with maéhan 35% clay) becomes sticky when wet and

lumpy when dry(Western Potato Council. 2003).

4.5 Correlation between selected agronomic parameters and potato tuber yields

The relationship between tuber yield and selecteavilp and yield component parameters was
checked on basis of bar graphs ( figures 4-7)yarsabn one hand and on the other hand by
correlation coefficient (r) analysis (tablesllangp@ndices 16-17). The selected growth
parameters were stem height and canopy cover Wielgield component considered parameter

was the number of tubers per plant.

Refering to the main effect ot timing of fertilizapplication, the bar graphs for both sites
(figures 4-5), look like each other and relashigmdietween stem height, canopy cover, number
of tubers per plant and tuber yield accross timededilizer application is constant. The

constancy of the relationship shows that stem heiggmopy cover and number of tubers per
plant are directly proportional to tuber yield. Thedashionship contancy also shows the high
potential probability to predict accurately the degent variable on the basis of independent

variables.
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Figure 4: Relashionship between selected agronomic parameters and tuber yield across
times of N-P-K (17-17-17) fertilizer application, Kibeho site
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Figure 5: Relashionship between selected agronomic parametersand tuber yield across

times of N-P-K (17-17-17) fertilizer application, Kinigi site

Refering to the effect of timing and methods oftikeer application, the bar graphs for both
sites, also look like each other and relashionbeiveen stem height, canopy cover, number of
tubers per plant and tuber yield across times agithoas of fertilizer application is constant. The
constancy of the relationship shows that stem heiggmopy cover and number of tubers per
plant are directly proportional to tuber yield. Theationship constancy also shows the high
potential probability to predict accurately the degent variable on the basis of independent

variables.
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Figure 6: Relationship between selected agronomic parametersand tuber yield across
times and methods of N-P-K ( 17-17-17) fertilizer application, Kibeho site
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Figure 7: Relashionship between selected agronomic parameters and tuber yield across

times and methods of N-P-K (17-17-17) fertilizer application, Kinigi site

At both sites, the correlation coefficients betwsetected agronomic parameters and tuber yield
(Table 11) were significant @0.361 and r=0.878 in cases of effect of times and methods of
fertilizer application and main effect of timing ftdrtilizer application, respectively). At Kibeho
site and referring to the effect ot timing and noelth of fertilizer application, the correlation
coefficients between stem height, canopy cover,berof tubers per plant and tuber yield were
0.40, 0.97 and 0.49 while they were 0.71, 0.99 @68 at Kinigi site, respectively. Concerning
the main effect of timing of fertilizer applicatipthe correlation coefficients between stem
height, canopy cover, number of tubers per plawt tmber yield were 0.89, 0.98 and 0.96 at
Kibeho site while they were 0.87, 0.99 and 0.9€iatgi site.The medium and high correlation
coefficients indicate a significant dependenceegeahdent variable (tuber yield) on independent
variables (stem height, canopy cover and numbeulmérs per plant) and the existing of linear
relationship between these parameters. Accordirteacstudy’s results, tuber yield depends on
stem height, canopy cover and number of tubers glant among other inherent and

environmental factors determining potato tuberdyiel
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Table 11: Correlation analysis, selected agronomic parametersto tuber yield

5 ° & e © 8 &
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S N S8 22238 4% 88 45 ¢
@ % Correlation coefficient (r) to 0.05
7 = tuber yield
Kibeho  TxFx 0.405 0.979 0.497 28 0.361 Significant ¢0.361)
Tx 0.897 0.988 0.966 3 0.878 Significant (r>0.878)
Kinigi TxFx 0.713 0.997 0.652 28 0.361 Significant ¢0.361)
TX 0.878 0.995 0.960 3 0.878 Significant (r>0.878)

TxFx: effect of timing and methods of mineral fizgr application

Tx: main effect of timing of mineral fertilizer afppation

Increase in yield depends on increase in the digsméplants which depends on the amount of
photoassimilates fixed through photosynthesis (bay990). Solar radiation interception, water
supply, CQ availability, air/soil temperature, and mineratnents are factors that determine the
amount of photosynthesis (Kormondy, 1996). In #tigly, plants treated with split application
and localized placement showed taller plants wribbuld normally have more number of
leaves, large canopy cover and high LAI. These trogharacteristics should result from a
vigorous root system well developed and propertgtdshed. Taller plants with a vigoousr root
system, large canopy cover and high LAI should leathigh photosynthesis rate resulting in
good storage capacity, and then big and high nurobtrbers leading to high tuber yield. The
tuber yield increase resulted from stimulationtof@ans branching, promotion of shoot growth of

potatoes and tubers swelling.

The timing of application of fertilizer (especialy and K) is an important factor in determining
the rate of growth and yield of a plant. The kepkant growth and development depends on the
establishment of vigorous and developed root sysiach a healthy large LAI that is durable
through the productive phase, achieved through wtegN-P-K and water supply (Gunasema
and Harris, 1968). In this study, taller plants,ickhshould normally have more number of
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leaves, large canopy cover and greater LAI, wersented in potatoes that received early split
application of the fertilizer. Hence, early splippdication of the fertilizer enabled a high

interception of solar radiation, mainly due to taber plants which normally should have more
number of leaves, large canopy cover and greatetopynthetic surface area of the crop (LAI).
This resulted in increased photosynthetic capaaitg supply of the assimilates leading to
increased growth. The greater growth in early sgjlication of the fertilizer may have resulted
into faster and balanced root growth, increaseulkiig rate, big and high number of tubers and
the high tuber yield (Kotsyuk, 1995).

Fast and balanced root growth enables faster girowaith rates since there is greater capture of
other nutrients resulting from increased root stefarea of absorption. Apart from affecting root
growth, increased growth may have led to more wtalmatter accumulation and translocation
into tubers, and hence, leading to high tuberisaind tuber dry mass yields in the potatoes
treated with split application (Gunasema and Hafrf#68). This led to big and high number of
tubers and better tuber yield in the concernedtrtreats. It has been suggested that split
application of fertiliser leads to increased growtid hence improved tuber yield over applying
the fertiliser whole at planting (Kidin and Zamara&996) and the statement was confirmed by
the results of this study. In this study potatoeated with late split application of the fertiliza
earthing up time didn’'t show the same performameenper of tubers per plant and even tuber
yield) as the ones who received the second festilrtion at weeding time. This suggests that
the growth that occurred after the late additiosapply (at earthing up time) was mostly
manifested in maintenance of vegetative phase wetly little concomitant increase in tuber
growth. Due to the late additional supply of thdiliger , there was increase in growth to catch
up the gap to other treatments but this was moraifesied in vegetative growth than
size/number of tubers and tuber yield; tuberizatiad already started. Compared to other times
of N-P-K application, split application with 50% ttie total fertilizer rate applied at planting
time and the remaining at 14DAE jTwas the optimal way to match fertilizer applicatiwith
crop nutrients uptake and to synchronize nutriemilability with potato demand within time

and over all crop growth and development phases.
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Single application resulted in shorter plants wistlould normally have less number of leaves,
narrow canopy cover, low LAI and root system lesgafoped during major growth stages of the
crop (Kotsyuk, 1995). A narrow canopy cover and l&d to low interception of solar radiation
and hence low photosynthetic capacity to suppooivtr, development and maintenance of
vegetative and yield parts. Consequently, thesatpes showed inferior heights, number of
tubers, tuber size and tuber yield. Increase imtpoyield is mainly due to increase in nhumber
and size of the potato tubers (Kotsyuk, 1995). fitmmber and size of tubers depend on the rate
of tuber initiation and the amount of photoassitegagenerated through photosynthesis. High
tuber yields may resulted from high dry massestduke accumulation of photoassimilates, that
were high in these potato due to an appropriatbishment of a strong root system, tall plants

and large canopy cover, and probably greater LAdlgsady discussed.

Nitrogen is an essential nutrient for crop growkthe demand for nitrogen in the potato crop is
relatively high. Nitrogen supply affects an arrdypbysiological processes and morphological
traits of the potato crop. These include (1) the & canopy development, (2) the rate of leaf
appearance, the rate of individual leaf growthalfiteaf size, and the life span of individual
leaves, (3) the integral of light interception e tcrop over time, (4) the rate of photosynthesis,
(5) the number of lower and sympodial branches, @)dhe onset of tuberization, final tuber
yield and final harvest index (Biemond & Vos, 1992wing & Struik, 1992; Vos &
Biemond,1992; Vos, 1995; Vos & MacKerron, 2000)trdljen supply may also affect quality
aspects including tuber size distribution, tubgr miatter content, protein content, nitrate content
and processing quality (Van Kempenal, 1996).

No other major arable crop receives as large aficapipn of phosphate fertilizers as potatoes
and, therefore, the spotlight must fall on thispces a candidate for more efficient P fertilizer
use. Phosphorus application affects crop growthnbyeasing radiation interception (over the
whole season) or by increasing light use efficiendye former is likely to be more important
than the latter, therefore enhancing canopy grol#itomes more important. Similarly,
Westermann and Kleinkopf (1985) reported that plarttient concentrations and uptake rates

play a major role in maintaining a plant top whiehds to increased tuber yields. Soltanpour and
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Cole (1978) found that proper application of N a&hdertilizers increased leaf, stem and tuber

growth rates and, consequently yields.

Potassium is essential for photosynthesis, starehdtion, and the translocation of sugars. It is
also important in helping plants adapt to environtakstress (Havliet al, 1999). The response
to K" uptake by crops depends to a considerable extetiteolevel of N nutrition. Generally, the
better the crop is supplied with N the greater ytigdd increase due to K supply. On the other
hand, applied N is only fully utilized for crop mhaction when K supply is adequate (Mengel
and Kirkby, 1987). The potat&¢lanum tuberosuis a weather-sensitive crop with a wide
variation among cultivars (Pashiardis,1987). Theirenment is one of the major variables
affecting crop production in general but, in part#, potato crops. Successful potato crop
production requires efficient use of climatic reszms, namely solar radiation, temperature, water
and mineral nutrients among many others. The graithpotato crop that is well supplied with
water and nutrients and free from pests and disdasabout proportional to its light absorption
(Spitters, 1988; Van Delden, 2001).

The total biomass production and accumulation d&foocultivars are dependent on absorbed
PAR, which directly proportional to the plant cagamver (Spitters, 1988; Vos and Groenwold,
1989; Van Delden, 2001). Spitters (1988) indicateat tuber yield is determined by the fraction
of total biomass that is partitioned to the tub®wtato cultivar variation in yield can be analysed
in terms of differences in cumulative light absarpt the efficiency with which the absorbed
radiation is used for DM and the fraction of DMaalhted to the desire plant organ (Pashiardis,
1988; Spitters, 1988; Van Delden, 2001).

According to MacKerron (1985), cultivars differesae conversion efficiency, have shown that
for most of growing season, there is a linear i@ship between TDM and integral of
intercepted solar radiation. Hence the potential ¥Vimanipulated using the conversion
efficiency, which is the slope of the relationshiypacKerron (1985) further explained that the
tuber potential yield could be estimated from therage value of the DM concentration,
partitioned to both the top and tubers of the crBmmass production in crops, including
potatoes, is dependent on photosynthate availableich is directly proportional to

photosynthetic rate and the LAI of the crop (Telgaland Hammes, 2005). High LAI usually
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indicates that the crop can intercept more soldiatin for photosynthetic activity. Potters and
Jones (1977) also reported that the relationshipvden the crop leaf area and biomass
accumulation is linear. The most important factoattaffects rapid establishment of the crop
canopy are genotype, seed environment, planting aad plant density, temperature and water
stress conditions, and plant nutrient availabilitgoil. Drought and high temperatures affect leaf
area development and its persistence. Leaf radiasorption is governed by the rate of leaf
appearance, leaf expansion, leaf size, geometrydimedtion (Pashiardis, 1988). Pashiardis
(1988) further explains that in absence of watersst temperature is the major environmental
factor influencing the development of leaf surfatleus, all previous interpretations and research
findings prove how root system development, stemghteand number-size of leaves, canopy
cover, LAIl, number of tubers per plant and Irishtgbo tuber yield are proportional and
positively correlated; thus confirm our researctcomes.
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CHAPTER S
5.0 Conclusions and recommendations

5.1 Conclusions

Avalilability of sufficient quantity of plant nutriés on right time and in right place to root zon

are among major parameters of nutrients manageragpbnsible for optimizing nutrient uptake

and crop yield. In this regard, times and methoflsmineral fertilizer application were
considered as variables and their effects wereuated on Irish potato selected growth, yield
and yield component parameters during the resediod.selected parameters were emergence
rate, number of stems per plant, stem height, cagoper, number of tubers per plant, tubers’
grades yield and total tuber yield. The followiranclusions merit to be drawn.

1. The main effects of timing and methods of fertitizgplication on Irish potato growth and
tuber yield were significant on all growth and tulyeeld parameters except emergence rate
and number of stems per plant while the interacti@tween both factors didn't show
significant effect on any Irish potato growth oelgi parameter.

2. Regarding times of fertilizer application, splippdication performed better than single
application in general, and; Tapplication of 50% of the fertilizer rate at pliaug time and
the remaining at 14DAE) and {application of the total fertilizer rate at plarg time) were
found to be the best and last performing treatmeaetsgpectively. Concerning methods of
fertilizer application, localised placement perfedrbetter than row banding. The correlation
coefficients between stem height, canopy cover, bamof tubers per plant and tuber yield
were positive and significant, showing a linearatieihship and significant dependence
between those parameters and tuber yield.

3. Timing, methods of mineral fertilizer applicatioand even their interaction didn’t show a
significant effect on any selected soil chemicapgarties, but all treatments combined with
farm yard manure under blanket application incréas®l reaction, organic carbon, nutrient
concentrations and CEC, improved soil nutrientgustand fertility in general and thus
enhanced better Irish potato growth and tuber giefpplication of organic fertilizer plus
mineral fertilizers, in accordance with proper mgiand placement application, as integrated
plant nutrient management, improved soil fertilégd increased crop production per unit

area through improvement of nutrient availability.
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5.2 Recommendations

Based on the research findings, with the aim ofimang their reliability, validity, accuracy,

credibility and generalizability on one hand, ammhtcibuting to narrow the increasing gap

between Irish potato huge market demand and skd&taers’supply on the other hand, the
following recommendations can be formulated:

1. The current results may not allow us to draw ladinitive conclusion because there are some
factors (weather, soil properties, farming practiead their interactions) which may have
affected the research findings. Several similadisti should be conducted, at different
locations, within different Irish potato producti@groecological zones and during different
seasons, in Rwanda with the aim of collecting bdiadata on the effect of timing and
methods of mineral fertilizer application on Iripbtato growth, yield components and tuber
yield. Moreover, it may be better to define theessh and set the field experiment in
appropriate way to find out individual effects afjanic and inorganic inputs .

2. Making profit is the ultimate objective of any boess maker, including the one involved in
Irish potato production. As profit is thé' firiver for any decision maker wanting to start or
fund Irish potato production project, this one mastinsured for not only technical feasibility
but also the economic one. The research was linoitetthe i' feasibility aspect but it is really
of great importance to recommend undertaking alainstudy placing financial and/or
economic analysis of the research project on tlael lo¢ the objectives array. The questioned
analysis should put a monetary value on costs ameflis and measure the overall
desirability of the research project in financiatnhs and indicate the superiority of a single
treatment-approach over others that may be eqtedlsible in a technical sense. It should
compare costs with benefits and determine which rgmalternative treatments have an
acceptable and superior return.

3. In light of this research work, we recommend Irsttato producers of the study areas or
others working in almost the same conditions, tpha®b0% of the N-P-K (17-17-17)
recommended rate at planting and 50% at 14DA# (8ing localized placement method
(F,) as the equivalent treatment, combined with FYMamblanket application in order to

enhance Irish potato performance.

78



REFERENCES

Adeniyan, O.N., and S.O. Ojeniyi. 2003. Comparatffectiveness of different levels of poultry
manure with NPK fertilizer on residual soil fertylj nutrient uptake and yield of maize.
Moor J. Agric. Res4(2): 191-197.

Adeniyan, O. N., S.O. Ojeniyi. 2005. Effect of pwoyl manure and N-P-K 15-15-15 and
combination of their reduced levels on maize groanld soil chemical propertieNig. J.
Soil Sci, 15: 34-41.

Addiscott, T.M., A.L. Whitmore,. and Powlson, DI®R92. Farming, fertilisers, and the nitrate
problem. Redwood Press Ltd, C.A.B. InternationagINugford, U.K.

Adetunji, M.T. 1997. Organic residue managementi, matrient changes and maize yield in
humid Utisol.Nutrient Recycling Agro Ecosysé7: 189-195.

Agbede, T.M; S.O. Ojeniyi, and A.J. Adeyemo, 20B8ect of poultry manure on soil physical
and chemical properties, growth and grain yieldSmrghum in Southwest Nigeria.
American —Eurasia J. Sustainable Agyi2(1):72-77

Agele, S. O., B.S. Ewulo, and I.K. Oyewusi .2008e& of some management systems on soil
physical properties, microbial biomass and nutridistribution under rainfed maize
production in a humid rainforest Alfisdllutr. Cycling Agroecosystr2: 121-134.

Alberta. 2002Fertilizer application and placemengriculture and rural development. Alberta,
Canada.

Askew, M.F.1992. Potato. In: IFA World Fertilizest) Manual. Eds. Halliday DJ and Trenkel
ME. International Fertilizer Industry AssociatidParis.”

Assuero, G., and J. A. Tognetti, 2010. “Tilleriregyulation by endogenous and environmental
factors and its agricultural managementtie American Journal of Plant Science and
Biotechnology 4: 35-48,

Babaji, B.A., R.I. Ali, R.A. Yahaya, M.A. Mahadand A.l. Sharifai. 2006. Nitrogen and
phosphorus nutrition of sesanf&eéame indicurh.) at Samaru, Nigeria. Proceedings of
the 31st annual conference of the Soil ScienceeBoaf Nigeria (SSSN) 13th —17th

November, 2006. Ahmadu Bello University, Zaria.

79



Bado, B.V .2002. Role des légumineuses sur ldiférdes sols ferrugineux tropicaux des zones
guinéenne et soudanienne du Burkina Faikése de doctorat, Université Laval, Faculté
des Sci. de I'Agric. et de I'Alimentation, Québ&anada.

Barker, A.V. and D.J. Pilbeam, 2006. Handbook ainPINutrition CRC Press, Boca Raton,
Florida.

Biemond, H. and J. Vos. 1992. Effects of nitrogertlee development and growth of the potato
plant. The partitioning of dry matter, nitrogen amttate.Annals of Botany70: 37-45.

Blaylock, A.D., J. Kaufmann and R.D. Dowbenko. 208&trogen fertilizer technologies. In:
Proceedings of the Western Nutrient Management&ente. Salt Lake City.

Bumb, B.L. 1991. Trends in fertilizer use and prctthin in sub-Saharan Africa, 1970-95: An
overview.Fertilizer Research?8: 41-48.

Cadisch, G. and K.E. Giller. 1997,. Driven by natu?lant litter quality and decomposition
CAB international, Wallingford.

Campbell, D. J. and J. K. Henshall. 198ulk density. In physical methods of soil analysis,
Eds., Smith K. A and C. E. Mullins. Marcel DekkBiew York, pp: 329-366.

Cassman, K.G., A. Dobermann and D.T. Walters. 28@2oecosystems, nitrogen use
efficiency, and nitrogen management. Ambio.

Cauley, A. M., C. Jones and J. Jacobsen. 2004ai8able Agriculture . In:Nutrient
Management Moduldlo. 15.Montana State University, Bozeman, USA.

CIP. 1982. World potato facts. International Potaemter (CIP)Lima, Peru. 54 pp. Rome, Italy

Cumings, G.A. and G. V. C. Houghland. 1939. Fesiliplacement for potatoes. United states
Department of Agriculture, Washington, D.C,TB669

Davenport, J. R., P. H. Milburn, C. J. Rosen, andE RThornton. 2005. Environmental impacts
of potato nutrient management. Am. J. Potato R&823 -328

Department for Environment Food and Rural AffaigQ10. Fertiliser ManualTSO (The
Stationery Office). U.K.

Dibb, D.W. 2000. The mysteries (myths) of nutriasé efficiency. Better Crops.

Dobermann, A., K.G. Cassman, D.T. Waters and Ct.\205. Balancing short- and long term

goals in nutrient managemeBeijing, China.

80



Dudal, R., and B.H. Byrnes. 1993. The effects ofilieer use on the environment. In H. van
Reuler and W.H. Prins (eds.), The Role of Plantridats for Sustainable Food Crop
Production in Sub- Saharan Africkeidschendam, The Netherlands: VKP (Dutch
Association of Fertilizer Producers).

Eaton, W.D .2001. Microbial and Nutrient activitysoils of Ghana under differeppl. Soll
Ecol, 8: 19-24.

Errebhi, M., C. J. Rosen, F. I. Lauer, M. W. Maytand J. B. Bamberg. 1999. Evaluation of
tuber-bearingsolanumspecies for nitrogen use efficiency and biomasstpning. Am.

J. Potato Res/6:143-151.

Errebhi, M., C. J. Rosen, S. C. Gupta, and D. Eorigj. 1998. Potato yield response and nitrate
leaching as influenced by nitrogen managemé&gton. J.90:10-15.

Ewing, E.E. & P.C. Struik. 1992. Tuber formationpotato: induction, initiation, and growth.
Horticultural Reviewsl4:89-198.

Fan, T.; B.A. Stewart, W. Yong, L. Junjie and Z.gagye. 2004. Long-term fertilization effects
on grain yield, water-use efficiency and soil fi@stiin the dryland of Loess Plateau in
China.Agr. Ecosyst. Enviraril06: 313-329.

Ferris, B. R. S. 2003. Performance and growth prospedissbf potatoes as a component for
the development of strategic exports in Uganda; REEA Monograph 2Volume 2 of
ASARECA/IITA monograph

FAO. 2006. Buried treasure: the pot&#®O, Agriculture and consumer protection Department
[Viewed on:httpwww.fao.org/ag/magazine/0611spl.Htm

FAOSTA. 2007. Irish potato production in Afriddome, Italy

FAO. 2008. Irish potato productioRome, Italy

FAO. 2011. Food security in RwandRome, Italy

Fixen, P.E. 2005. Understanding and improving eutriuse efficiency as an application of
information technologyBeijing, China.

Fixen, P.E. 2006. Turning challenges into oppottesiScottsdale, Arizona.

Fixen, P.E., J. Jin, K.N. Tiwari, and M.D. Stauffé&2005. Capitalizing on multi-element
interactions through balanced nutrition -A pathwaymprove nitrogen use efficiency in

China, India and North America. Sci. in China.

81



Francis, D.D. and W.P. Piekielek. 1999. AssessimgpONitrogen Needs with Chlorophyll
Meters. Site-Specific Management Guidelines, Pog&aBihosphate Institute. SSMG

Fluckiger, R., J. Rosch, W. Sturny and U. Vokt 89% sol, la fumure dirigée. Allemagne

Gathungu, G.K., S.I. Shibairo, S.M. Githiri, M.W.KMburu, P.S. Ojiambo and H.M.
Kidanemariam, 2000. Effect of source, time and me@shof nitrogen application on
growth and yield components of potato in Kendfican Crop Sci. J.8: 387—402.

Gayler, S., E. Wang., E. Priesack, T. Schaaf, and. Maidl. 2002. Modeling biomass growth,
N-uptake and phonological development of potat@.c@eoderma 105:367-383

Gill, P.A.; H.A. Ross, P.D. Waister. 1989. The e¢ohbf stem numbers in potato competition
experiments using either whole tuber or seed-piePesato Research, Wageningen
32:159-165.

Giller, K.E. 2002. Targeting management of orgasotrces and mineral fertilizers. Can we
match scientis'fantaisies with farmers'realitieg®BClnternational. Wallingford, U.K

Gossens, F. 2002. Potato marketing in Rwanda. Algui@l policy development. Report no 12.
Rwanda

Grichs (1990). Biological and organic aspect ohplautrition in relation to needed research
tropical soils Seminar on tropical soils. IITA, Ibadam, Nigeria.

Gunasena, H.M.P. and P.M. Harris. 1968. The efié¢ime of application of N and K on the
growth of the second early potato variety Craigsy/&. Journal of Agricultural Science
(Cambridge) 71:283-96.

Hakoomat A., and A. A. Muhammad. 2004. Aerial glowhd dry Matter production of potato
(Solanum tuberosum.) cv. Desiree in Relation to Phosphorus Appligatint. J. Agri.
6:458-461

Hao X., Chang. 2002. Effect of 25 annual cattle wnanapplications on soluble and
exchangeable cations in sdloil Sci.167:126-134.

Hao X., C. Chang, and X. Li .2004. Long-term ansldeal effects of cattle manure application
on distribution of P in soil aggregaté&oil Sci169:715-728.

Havlin, J.L., J.D. Beaton, S.L. Tisdale, and W.lel$on. 1999. “Soil Fertility and Fertilizers: An

introduction to Nutrient Management”. Prentice Halew Jersey.

82



Havlin, J.L., J.D. Beaton, S.L. Tisdale and W.L.I$¢&. 2005. Soil Fertility and Fertilizers. An
Introduction to Nutrient Management. Upper SaddieR New Jersey

Hawkins , A. 1954. Time, method of fertilizer amaliion and placement of fertilizer for efficient
production of potatoes in new England. Americanrdauof Potato ResearchM J
Potato Res31: 106-113

Headiord, D.W.R. 1961. Sprout growth of the pot&b.D. thesis, Univ. of Nottingham.

Heisey, P.W., and W. Mwangi. 1996. Fertilizer Used dMaize Production in Sub-Saharan
Africa. CIMMYT Economics Working Paper 96-01. Mexico, D.EIMMYT.

Hensel, D. R., and S. J. Locascio. 1987. Effecatds, form, and application date of nitrogen
on growth of potatoe®roc. Fla. State Hort. S0d.00:203-205.

Hitimana J., Namara A., Sengalama T., and Nyirimdna 2006. Community-Based Natural
Resource Management (CBNRM) Plan. Kinigi Area, RaagrReport prepared, Report
prepared for the International Gorilla Conservattsngramme.ORTPN. Kigali, Rwanda.

Hochmuth, G., and K. Cordasco. 2000. Summary d® Nynd K research on potato in Florida.
Flo. Coop. Ext. Serv. Fact Sheet HS 756. httpg/@ds.ufl.edu/CV233

Hochmuth, G.; and Hanlon, E. 2000. A Summary ofR\,and K Research with Potato in

Florida. Soil and Water Science Department, Floi@@operative Extension Service,
Institute of Food and Agricultural Sciences, Unsrgr of Florida. Fact Sheet SL 346.
http://edis.ifas.ufl.edu.

Hole DG, A.J. Perkins, J.D. Wilson, I.H. Alexandery. Grice, A.D. Evans .2005. Does organic
farming benefit biodiversityBiol. Conserv122:113-130.

Hopkins, B.G., C.J. Rosen, A.K. Shiffler, and T.Waysom. 2008. Enhanced efficiency
fertilizers for improved nutrient management. potaiSolanum tuberosum). Crop
Managementioi:10.1094/CM-2008-0317-01-RV.

Hudson. 1994. Soil organic matter and availableewedpacity Soil and water conservation.

Jagadeeswaran R., V. M. Murugappan, and Govindagw2005. Effect of Slow Release NPK
Fertilizer Sources on the Nutrient Use Efficien©gntre for Soil and Crop Management
Studies. Coimbatore, India .

83



Janssen, B.H. 1993. Integrated nutrient managenbetuse of organic and mineral fertilizers.
In H.van Reuler and W.H. Prins (eds.), The Rol®laiht Nutrients for Sustainable Food
Crop Production in Sub-Saharan Afridaeidschendam, The Netherlands: VKP (Dutch
Association of Fertilizer Producers).

Jones C., and J. Jacobsen. 2001. Plant NutrMontana Staste University, U.S.A

Jones, C.,and J. Jacobsen. 2009. Fertilizer pxceamd timingIn: Nutrient Management
Module No. 11. Montana State University, BozemaS8AU

Katyal, J.C., N.H. Rao, and M.N. Reddy. 2001 "Catiaspects of organic matter management
in the Tropics: the example of IndidNutrient Cycling in Agroecosystents,77- 88

Kelly, V., and J. Nyirimana. 2002. .Learning fromoiBg: Using Analysis of Fertilizer
Demonstration Plots to Improve Programs for StirtigpFertilizer Demand in Rwanda.
Food Security Research Project (FSRP) ResearchrReHdDIAGRI, Rwanda.

Khan, S. M.; N. Jan; I. Ulllah; M. Younas and Hlah. 2007. Evaluation of various methods of
fertilizer application in potatosplanum tuberosuin).Sarhad J. Agric., 23889-894

Kidin, V.V. and A.G. Zamaraev. 1996. The nitrogeldnce and potato yield in relation to the
degree of cultivation of dernopodzolic soil and time of applying nitrogen fertilisers.
Agrokhimiyal0:3-12.

Kingery, W.L.; C.W. Wood and D.P. Delaney. 1993phaut of long-term application of broiler
on environmentally related soil properties Environmental Quality23 :139-147

Kleinkopf, G.E. and R.B. Dwelle. 1978. Effect oftrogen fertilization on tuber set and tuber
size.Proc. Idaho Potato Schogbages 26-28.

Kleinkopf, G.E. and R.E Ohms.. 1977. Nitrogen #&nte of application in potato yield and
quality. Proc. Idaho Potato Schagbages 15-17.

Kleinkopf, G.E. and D.T. Westermann. 1980. EffeocfsN and cultural practices on potato
growth and qualityProc. Idaho Potato Schoglages 12-18.

Kormondy, E. J. 19968Concepts of ecology. 4th edn. Prentice Hall, NewhDéndia. 559 pp

Kotsyuk, V.I. 1995.Using statistical methods fotimating the effect of fertilisers on potato
productivity in the kol’'skoi subaritic regiogrokhinyal2:76-88

Ladha, J.K., H. Pathak, T.J. Krupnik, J. Six andv@&n Kessel. 2005. Efficiency of fertilizer
nitrogen in cereal production: retrospects andpeots. Adv. Agron. 87: 85-156.

84



Landon J. R. 1991. Booker tropical soil manuahaadbook for soil survey and agricultural land
evaluation in the tropics and subtropics, John Waled Sons Inc, New York.

Lang N.S., R.G. Stevens, R.E. Thornton, W.L. Pad &n Victory. 1999. Potato nutrient
management for central Washington. Wash. State.|JAutiman, Coop. Ext. Bul.1871.

Lawlor, D. W. 1990. Photosynthesis: metabolism, tadnand physiology. Longman Group
Limited, London. 287 pp.

Mackerron, D.K.L., and P.D. Waister. 1985a. A sienplodel of potato growth and yield. Part 1.
Model development and sensitivity analy#igric. Forest Meteorol34,241-252.

Mackerron, D.K.L., and P.D.A. Waister. 1985b. A pleamodel of potato growth and yield. Part
Il. Validation and external sensitivitpgric. Forest Meteorol34, 285—-300.

Maene, L. M. 2000Efficient Fertilizer Use and its Role in Increasikgod Production and
Protecting the EnvironmenAFA Int. Annual Conf. 2000. Cairo, Egypt.

Mahmood M. M., K. Faroop, A. Hussain and R. SBRe02. Comparison of different methods of
fertilizer (NPK) applicationAsian Journal of Plant science4:140-141

Martin, R.J. 1995.The effect of nitrogen fertilisam the recovery of nitrogen by a potato crop.
Proceedings, Annual Conference, Agronomy SociegwRealand 25:97-104.

Mellor, J. W. 2001. Rapid Employment Growth and &by Reduction: Sectoral Policies in Rwanda.
USAID: Kigali, Rwanda

Mengel, K. and E. Kirkby. 198Principles of Plant Nutrition (4th ed.). 687 pptdmational
Potash Institute, Worblaufen-Bern, Switzerland

Milthorpe, F.L. 1967. Some physiological principlstermining the yield of root cropBroc.
1st Int. Symp. on Trop. Root Crops, Trinigd&al Il (1), 1-19.

MINAGRI. 2009. Strategic Plan for the Transformatimf Agriculture in Rwanda — Phase |I.
Kigali, Rwanda

MINAGRI. 2010. Farmer’s diary. National Agriculturéxtension Support Project (PASNVA)
in collaboration with RADA. Rwanda

Ministry of Finance and Economic Planning , 20&WwandaVision 2020Kigali, Rwanda.
Ministry of Finance and Economic Planning , 2002vétty reduction programme.
Kigali, Rwanda.

Ministry of Lands, Environment, Forests, Water ahiches (MINIRENA). 2004. National land

policy. Kigali, Rwanda Kigali, Rwanda
85



Mosier, A.R., J.K. Syers, and J.R. Freney. 2004icdifure and the Nitrogen Cycle. Assessing
the Impacts of Fertilizer Use on Food Productiod #me Environment. Island Press,
London.

Morena, I.; A. Guillen ; and L.F.G Moral. 1994. Yedevelopment in potatoes as influenced by
cultivar and the timing and level of nitrogen feration. American Potato Journal,
Orono,v.71, p.165-173

Morris M., A. V. Kelly, J. R. Kopicki., and D. Byke. 2007. Fertilizer Use in African
Agriculture. Lessons Learned and Good Practice &ues. The World Bank.
Washington DC

Munoz, F., R. S. Mylavarapu, and C. M. Hutchins®®05. Environmentally responsible potato
production systems: A review. Plant Nutr.28:1287-1309.

Mwangi, W. 1996. Low Use of Fertilizers and LowoBuctivity in Sub-Saharan AfrictNRG
Paper 96-05. Mexico, D.F.: CIMMYT.

Mwania, N.M.M. 1983. Msc. Thesis, University of Kabi. The influence of nitrogen and
phosphatefertiliser on growth, development anddyaélpotatoes (Solanum
tuberosum L.)

Nziguheba, G., and P.K. Mutuo, 2000. IntegratidnTahonia diversifolia and inorganic
fertilizer for maize Production. In: The Biology @rrertility of Tropical Soils: TSBF
Report.

Ochigbo, 1989. The production of Irish potadnmadu Bello University.

Oehl F, Frossard E, Fliessbach A, Dobois D, Ober&or2004. Basal organic phosphorus
mineralization in soils under different farming sgsil Biol. Biochem36:667-675.

Ojeniyi S.0. 2000. Effect of goat manure on soitrimmts content and okra yield in rainforest
area of NigeriaAppl. Trop. Agric, 5: 20-23.

Ojeniyi, S.0. and D.I. Akanni. 2008. Effect of aral manures on soil properties, leaf nutrient
composition, growth and yield of peppéZapsicum annum). Journal &tesearch in
Agriculture 5(4), 86-90.

Okalebo J.R. K.W. Gathua, and P.L Woomer. 190&boratory methods of soil and plant

analysis: A working manul. Nairobi, Kenya.

86



Okalebo, J .R ., K. W. Gathua and P. L. Woomer022@Qaboratory Methods of Soil and Plant
Analysis: A Working Manual 2nd Edition Tropical $dBiology and Fertility, Soil
Science Society of East Africa.

Opena, G.B. and G.A. Porter.. 19%0il management and supplemental irrigation effects
potato: Il. Root growth. Agronomy Journal

Pack, J. E., Hutchinson, C. M., and Simonne,and.R2006. Evaluation of controlled-release
fertilizers for northeast Florida chip potato protan. J. Plant Nutr. 29:1301-1313.

Parfitt, R.L., Yeates G.W., D.J. Ross, A.D. Mackaynd P.J. Budding.2005. Relationships
between soil biota, nitrogen and phosphorus awuétigband pasture growth under
organic and conventional manageméypl. Soil Ecal 28:1-13.

Parham J.A., S.P. Deng, W.R. Raun and G.V. John2062. Long term cattle manure
application in soil I. Effect on soil phosphorusvéés, microbial biomass C, and
dehydrogenase and phosphatase activiBies.Fertil Soils35, 328-337.

Pashiardis, S.M., 1988. Improvements of potatadgiécta Hort.214, 27-45.

Pavek M.J., Z. J. Holden, and J.E. P. Driskill. 0@0Accumulated Heat Units for 2006: From
Frost to HeatstrokeWashington State University, Pullman,WA

Potter, J.R. and J.W. Jones. 1977. Leaf areaipartiy as an important factor on growflant
physiol,59:10-14

Pypers, P. 2005. Changes in mineral nitrogen, giwmspis availability and salt-extractable
aluminium following the application of green manuesidues in two weathered soils of
South Vietnam. Soil biology and biochemistry.

Reiter M.S.; S.B. Phillips; J.G.; Warren, and RNbaguire. 2009. Nitrogen management for
white potato production. Virginia cooperative Exdgm and Virginia Agricultural
Experiment StatiorBlacksburg, VA, USA

Roberts, T. L. 2008. Improving Nutrient Use Eféiocy.Turk J Agric For, 32: 177-182

Romkens, P.F.A.M., J. van der Pflicht and J. H&ssl999. Soil organic matter dynamics after
the conversion of arable land to past@®l. Fertil. Soils28: 277-284.

Roy, R.N., A. Finck , G.J. Blair, and H.L.S.Tand@006. Plant nutrition for food security. A
guide for integrated nutrient manageimieand and water development division of FAO

of the United Nations. Rome, Italy.

87



Roy, R.N., A. Finck, G.J. Blair, H.L.S. Tandon. B0(Plant Nutrition for Food Security: A
Guide for Integrated Nutrient Management. FAO ikeer and Plant Nutrition,
Bulletin.16. Food and Agriculture Organization bétUnited Nations: Rome, lItaly.

Salisbury. F.B. and Ross, C.W. 1991. Plant Phygilaith Edition Wadsworth, Belmont,
California. 540 pp.

Sarker, M. A. R., M. Y. A. Pramanik., G. M. Faruland M. Y. Ali. 2004. Effect of green
manures and levels of nitrogen on some growthbatis of transplant aman rice.
Pakistan J. Biol.Sci7:739-742.

Scott, Gregory J. 1988. Potatoes in Central AfrikaStudy of Burundi, Rwanda, and Zaire.
Lima: International Potato Centre

Shapouri, S.; S.Rosen; M.Peters; F. Baguedandgaidien. 2010. Food Security Assessment,
2010-2020. Washington, DCgService of Economic Research/USDA, Economic
Research. Fact Sheet HS 756

Six, J., E.T. Elliott ,and K. Paustian. 1999. Aggate and soil organic matter dynamics under
conventional and no-tillage systen®il Sci. Soc. Am. Bb3: 1350-1358.

Six, J., R.T. Conant, E.A. Paul, and K. Pausti&©22 Stabilization mechanisms of soil organic
matter: implications for C-saturation of soiRlant Soi| 24: 155-176.

Smaling, E. M. A. 1993. Soil nutrient depletionsimb-Saharan Africdn: H. van Reuler and W.

H. Prins (eds.), The Role of Plant Nutrients fostainable Food Crop Production in Sub-
Saharan Africa. Leidschendam, The Netherlands: VBi#ch Association of Fertilizer
Producers).

Solomon, D., J. Lehmann, Tekalign, M.F. Fritzscinel &/. Zech, 2001. Sulfur fractions in
particle-size separates of the sub-humid Ethiopighlands as influenced by land use
changesGeodermal02(1/2): (41-59).

Soltanpour, P.N. and C.V. Cole, 1978. lonic balaand growth of potatoes as affected by N
plus P fertilizationAmerican Potato.) 55: 549-60.

Spitters, C.J.T., 1988. An analysis of variatioryield among potato cultivars in terms of light
absorption, light utilization, and dry matter paotning. Acta Horticulturae (ISHB214:
71-84.

88



Spitters, C.J.T. and Schapendonk, A.H.C.M., 199@luation of breeding strategies for drought
tolerance in potato by means of crop growth sinmutaiPlant Soi] 123,193—-203.

Spitters, C.J.T., Van Keulen, H., Van Kraalingen\DG., 1989. A simple and universal crop
growth simulator: SUCROSS87. In: Rabbinge, R., W&BdA., Van Laar, H.H.(Eds.),
Simulation and systems management in crop proteciimnulation Monographs, Pudoc,
Wageningen, the Netherlands.

Stark, J. C., and S. L. Love. 2003. Tuber quaigges 329-343 in: Potato Production Systems.
J. C. Stark and S. L. Love, eds. Agric. Commun.iyUaf Idaho Moscow, ID.

Stark, J. C., D. T. Westermann, and B. G. Hopka®4. Nutrient management guidelines for
Russet Burbank potatad3ull. 840. Univ. of Idaho, Moscow.

Stephen, D.J., 1999. Multiple signaling pathwaysitcd tuber induction in potatoPlant
Physiol, 119:1-8.

Susnochi, M. 1982. Growth and vyield studies of jm®s developed in a semi-arid region. In.
Yield response of several varieties grown as a oubyop. Potato Research,
Wageningen25: 59-69.

Tandon, H.L.S. and R.N. Roy. 2004. Integrated eatrimanagement — A glossary of terms.
FAO and the Fertilizer Development and Consulta@wganization. Rome, Italy.

Tekalign, T., and P.S. Hammes. 2005. Growth resgon$ potato $olanum tuberosuygrown
in a hot tropical lowland to applied paclobutrazdl: Shoot attributes, assimilate
production and allocation. N. Z.Grop Hort. Sci 33: 35-42.

Thuries L., A. Arrufat, M. Dubois, C. Feller, P. Hmann, M.C. Larré-Larrouy, C.Martin,
M.Pansu, J.C.Rémy, and M.Viel (2000). Influencend'dertilisation organique et de la
solarisation sur la productivité maraichére etpgespriétés d'un sol sableux sous abri.
Etud. Ges. Sol7:73-88.

Tomich, T.P., P. Kilby, and B.F. Johnston. 1995.ankforming Agrarian Economies:
Opportunities Seized, Opportunities Missed. Ithalay.: Cornell University Press.
USDA NRCS. 1977. Conservation Agronomy TechnicateddpNo. 30: Relationships of
carbon to nitrogen in crop residues

UN Millennium Project. 2005. Investing in Developmie A Practical Plan to Achieve the

Millennium Development Goals. New York: UN Millerum Project.

89



USDA NRCS. 1977. Conservation Agronomy TechnicalddpNo. 30: Relationships of carbon
to nitrogen in crop residues. Available at httpwiwnm.nrcs.usda.gov/Technical/tech
notes/agro/AG30.pdf. [verified 10.19.12]

Voortman, R., B. Sonneveld, and M. Keyzer. 2000rit@an Land Ecology: Opportunities and

Constraints for Development.” Center for Internatib Development Working Paper
No0.37. Boston: Harvard University.

Valerie K.,, E. Mpyisi, A. Murekezi and D. Never2001. Fertilizer Consumption in Rwanda: Past
Trends, Future Potential and Determinants. PolicprRéhop on Fertilizer Use and
Marketing. 22-23 February 2001. MINAGRI and USAKigali, Rwanda

Van Kempen, P., P. le Corre, and P. Bedin. 199¢td®chnic. In: P. Rousselle & R. Y.
Crosnier (Eds), La pomme de terldRA, Paris.

Van Dam J., P.L Kooman, P.C. Struik. 1996. Efferftsemperature and photoperiod on early
growth and final number of tubers in potaBblanum tuberosum.). Potato Res. 39: 51-
62.

Van Delden, A., M.J. Kropff, A.J. Haverkort. 200Modeling temperatureand radiation-driven
leaf area expansion in the contrasting crops paatbwheatField Crops Res72, 119-
142.

Van den Berg, J. H., E.E. Ewing, R.L. Plaisted,M&Murry, M.W. Bonierbale. 1996. QTL
analysis of potato tuberization. TheAppl. Genet93, 307-316.

Vanlauwe, B., J. Wendt, and J. Diels. 2001. Contbiapplication of organic matter and
fertilizer.Soil Science of Anerica. Madison, USA

Vanlauwe,B., J.Diels, N.Sanginga, and R.Merck. 200@2grated Plant Nutrient Management in
Sub-Saharan Africa: From Concept to Practice. \Wgiitird, UK and New York: CABI
Publishers in association with the Internationatitnte of Tropical Agriculture.

Viyas, V.S. 1983. Asian agriculture: achievememis ehallengesAsian Development Review
27-44.

Vos, J., 1995. Foliar development of the potatmipand modulations by environmental
factors. In: P. Kabat, B. Marshall, B.J. van dedk, J. Vos & H. van Keulen (eds.),
Modelling and parameterization of the soil-plantiasphere system. Wageningen Pers,

Wageningen, The Netherlands, pp. 21-38.

90



Vos, J. and D.K.L. Mackerron. 2000. Basic concegbtdhe management and supply of nitrogen
and water in potato production. In: AJ. Haverko& D.K.L. MacKerron
(Eds),Management of nitrogen and water in potatodpction. Wageningen Pers,
Wageningen, TheNetherlands.

Vos, J. and H. Biemond, 1992. Effects of nitrogertlee development and growth of the potato
plant.1. Leaf appearance, expansion growth lifenspand stem branchingnnals of
Botany,70: 27-35.

Vos, J. and J. Groenwold. 1989. Genetic differenceswateruse efficiency, stomatal
conductance and carbon isotope fractionation iatpoPotato Res32:113-121.

Waddell, J. T., S. C. Gupta, J. F. Moncrief, CRdsen, and D. D. Steele. 2000. Irrigation and
nitrogen management impacts on nitrate leachingupdtato.J. Environ. Qual29:251-
261.

Walkley, A. and C. A. Black. 1934. An examinatiohtbe Degtjareff method for determining
soil organic matter and a proposed modificatiothefchromic acid titration method; Soil
Sci.; 37:29-38.

Wang, P., J.T. Durkalski, W. Yu, H.A.J. Hoitink,dafWV.A. Dick . 2006. Agronomic and soll
responses to compost and manure amendments urftkrerdi tillage sys.Soil Sci.
171:456-467.

Waterer and Heard. 2003. Commercial Potato ProaluctiField Selection, Soil Management
and Fertility. Manitoba Agriculture , Food and rural initiatividsA

Westermann, D. T. 2005. Nutritional requirementpatitoesAm. J. Potato Re$2:301-307.

Westermann, D.T. and G.E. Kleinkopf. 1981. Potatowgh and nitrogen requirements
Proc.Wash. State Potato Copfaiges 121-128.

Westermann, D.T. and G.E. Kleinkopf. 1982. Potatmagement for optimum yield and quality.
Proc. Univ. Idaho Winter Commaodity Schot#102-104.

Westermann, D.T. and G.E. Kleinkopf. 1984. Phospsanutrition of potatoesProc. Univ.
Idaho Winter Commodity Schodl§:215-219

Westermann, D. T., and G. E. Kleinkopf. 1985. Phosps relationships in potato plants.
Agron.J.77:490-494.

91



Westermann, D. T., and G. E Kleinkopf. 1985. Nigngequirements of potatoe&gron. J.
77:616-621.

Westermann, D. T., and Kleinkopf, G. E. 1985. Phosps relationships in potato planégron.
J.77:490-494.

Westermann, D.T., G.E. Kleinkopf, and G.D. Kleinsitit. 1985. Phosphorus fertilization of
potatoes—a reviewRroc. Univ. Idaho Winter Commodity Schodlks147-151.

Westermann, D.T., G.E. Kleinkopf, and G.D. Kleinsitit. 1986. Phosphorus fertilization of
Potatoes-aA reviewrroc. Wash. State Potato Copp 15-20

Westermann, D. T., Kleinkopf, G. E., and PorterKL.1988. Nitrogen fertilizer efficiency on
potatoesAm. Potato J65:377-386

Westermann, D.T. and J.R. Davis. 1992. Potatotrarial management changes and Challenges
into the next centuryAmer. Potato J69:753—-767.

Westermann, D.T. and T.A. Tindall. 1995. Managimgagsium in potato production systems of
Idaho.Proc. Idaho Potato School. pag281-242.

Westermann, D.T., T.A. Tindall, D.W. James, and.Rdurst. 1994a. Nitrogen and potassium
fertilization of potatoes: yield and specific grigviAmer. Potato J71:417-431.

Westermann, D.T., T.A. Tindall, D.W. James, and.Rdurst. 1994b. Nitrogen and potassium
fertilization of potatoes: sugars and star&mer. Potato J71:433-453.

Western Potato Council. 200%uide to Commercial Potato Production on the Ghaa
Prairies. Portage La Prairie, Manitoba, Canada.

Whalen J. K., C. Chang, G. W. Clayton, J. P. Carefa000. Cattle manure amendments can
increase the pH of acid soiSoil Sci. Am. J64, 962-966.

White. 1961. The role of the mother tuber In thevgh of potato shoots. B.Sc. thesis, Univ.
Nottingham.

Witt, C. and A. Dobermann. 2002. A site-specifi¢riant management approach for irrigated,
lowland rice in AsiaBetter Cropdnternational.

Wwitt, C., J.M.C.A Pasuquin, R. Mutters and R.J.&3lm. 2005. New leaf color chart for effective
nitrogen management in rice. Better Crops Inteoméai

92



Wuest, S.B., T.C. Caesar-Ton That, S.F. Wright, Williams .2005. Organic matter addition,
N, and residue burning effects on infiltration, Ibgical, and physical properties of an
intensively tilled silt-loam soilSoil Till. Res84:154-167.

Yaduvanshi, N.P.S. 2003. Substitution of inorgdaitilizers by organic manures and the effect
on soil fertility in a rice-wheat rotation on reigcteed sodic soil in IndiaJournal of
Agriculture Science (Cambridge)40 : 161-169.

Zaag V., P. 1981Soil Fertility Requirements for Potato Productiofhechnical Information
Bulletin 14, International Potato Center (CIP), Eineru.

Zebarth, B. J.; Beélanger G.; Cambouris , N. A.dArZiadi N. 2012. Sustainable potato
production:Global case studies. Netherland, Sprihgherlands.

Zebarth, B.J; W.J. Arsenault; S. Moorehead; H.Tndéius, and M. Sharifi. 2009b. Italian
ryegrass management effects on nitrogen supplysiebaequent potato cropgron. J.
101:1573-1580

93



APPENDICES

Appendix 1: Analysis of Variance for emergence rate

Analysis of variance for emergence rate, Kibehe 1)

Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 33.87 16.93 1.67
Block.*Units* stratum
MethodsEx) 1 16.13 16.13 1.59 0.223
Timing (Ty) 4 16.80 4.20 0.42 0.796
Methods.Timing 4 12.53 3.13 0.31 0.868
Residual 18 182.13 10.12
Total 29 261.47
l.s.d. k 2.440 ¥ 3.858 T x: 5.457 CV(%): 3.3
Analysis of Variance for emergence rate, Kinige $i62)
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 48.267 24.133 6.54
Block.*Units* stratum
Methods 1 4.800 4.800 1.30 0.269
Timing 4 4.533 1.133 0.31 0.869
Methods.Timing 4 1.867 0.467 0.13 0.971
Residual 18 66.400 3.689
Total 29 125.867
l.s.d. k1.473 T 2.330 FTx: 3.295 CV(%): 2.0
Appendix 2. Analysisof variance for number of primary shoots per plant 7DAE
Analysis of Variance for number of primary shoos plant 7DAE Kibeho site
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 0.4847 0.2423 2.22
Block.*Units* stratum
Methods 1 0.4083 0.4083 3.73 0.069
Timing 4 0.3113 0.0778 0.71 0.595
Methods.Timing 4 0.1767 0.0442 0.40 0.803
Residual 18 1.9687 0.1094
Total 29 3.3497
l.s.d. k:0.2537 £ 0.4011 «ETx: 0.5673 CV(%): 15.8
Analysis of variance for number of primary shoogs plant 7DAE, Kinigi site
Source of variation d.f. S.S. m.s. V.I. F pr.
Block stratum 2 0.91267 0.45633 8.32
Block.*Units* stratum
Methods 1 0.03333 0.03333 0.61 0.446
Timing 4 0.24467 0.06117 112 0.380
Methods.Timing 4 0.11667 0.02917 0.53 0.714
Residual 18 0.98733 0.05485
Total 29 2.29467
l.s.d. k 0.1797 ¥ 0.2841 «ETx: 0.4018 CV(%):10.2
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Appendix 3: . Analysis of variance for number of primary shoots per plant 14DAE

Analysis of variance for number of primary shoogs plant 14DAE, Kibeho site

Source of variation d.f. S.s. m.s. V.I. F pr.

Block stratum 2 0.36867 0.18433 2.92

Block.*Units* stratum

Methods 1 0.19200 0.19200 3.04 0.098

Timing 4 0.20800 0.05200 0.82 0.528
Methods.Timing 4 0.06800 0.01700 0.27 0.894

Residual 18 1.13800 0.06322

Total 1.97467

l.s.d. £ 0.1929 «10.3050 «FTx0.4313 CV(%):5
Analysis of variance for number of primary shoats plant14DAE, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 1.26467 0.63233 8.97

Block.*Units* stratum

Methods 1 0.06533 0.06533 0.93 0.348

Timing 4 0.25333 0.06333 0.90 0.485
Methods.Timing 4 0.25467 0.06367 0.90 0.483

Residual 18 1.26867 0.07048

Total 29 3.10667

l.s.d. »£0.2037 x10.3220 W x: 0.4554 ©4):10.3
Appendix 4: . Analysis of variance for number of primary shoots per plant 21DAE

Analysis of variance for number of primary shoags plant 21DAE, Kibeho site

Source of variation d.f. S.s. m.s. V.I. F pr.

Block stratum 2 2.75267 1.37633 22.37

Block.*Units* stratum

Methods 1 0.16133 0.16133 2.62 0.123

Timing 4 0.17467 0.04367 0.71 0.596
Methods.Timing 4 0.11867 0.02967 0.48 0.749

Residual 18 1.10733 0.06152

Total 29 4.31467

l.s.d. »#0.1903 «10.3009 «ETx: 0.4255 CV)(802
Analysis of variance for number of primary shoots plant 21DAE, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 2.20867 1.10433 25.12

Block.*Units* stratum

Methods 1 0.02133 0.02133 0.49 0.495

Timing 4 0.15200 0.03800 0.86 0.504
Methods.Timing 4 0.16533 0.04133 0.94 0.463

Residual 18 0.79133 0.04396

Total 29 3.33867

l.s.d. »0.1609 «10.2543 «FTx: 0.3597 Ch)(12.2
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Appendix 5: Analysis of variancefor number of primary shoots per plant 28DAE

Analysis of variance for number of primary shoots plant 28DAE, Kibeho site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 7.72067 3.86033 84.81

Block.*Units* stratum

Timing 4 0.12867 0.03217 0.71 0.598

Methods 1 0.02700 0.02700 0.59 0.451
Timing.Methods 4 0.19800 0.04950 1.09 0.392

Residual 18 0.81933 0.04552

Total 29 8.89367

l.s.d. ¥ 0.1392 £0.2201 «FTx:0.3113 CV(%):5.5
Analysis of variance for number of primary shoats plant 28DAE, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 1.94600 0.97300 18.49

Block.*Units* stratum

Methods 1 0.01633 0.01633 0.31 0.584

Timing 4 0.17533 0.04383 0.83 0.522
Methods.Timing 4 0.22200 0.05550 1.05 0.407

Residual 18 0.94733 0.05263

Total 29 3.30700

l.s.d. ¥0.1760 £0.2783 «FTx: 0.3935 ©%)(8.2
Appendix 6: Analysis of variance for number of primary shoots per plant 35DAE

Analysis of variance for number of primary shoats plant 35DAE, Kibeho site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 4.94067 2.47033 75.03

Block.*Units* stratum

Methods 1 0.01633 0.01633 0.50 0.490

Timing 4 0.08867 0.02217 0.67 0.619
Methods.Timing 4 0.13533 0.03383 1.03 0.420

Residual 18 0.59267 0.03293

Total 29 5.77367

l.s.d. #0.2588 10.1637 «FTx:0.3660 CV(%):6.4
Analysis of variance for number of primary shoots plant 35DAE, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 1.73600 0.86800 19.27

Block.*Units* stratum

Methods 1 0.01633 0.01633 0.36 0.555

Timing 4 0.07533 0.01883 0.42 0.793
Methods.Timing 4 0.16867 0.04217 0.94 0.465

Residual 18 0.81067 0.04504

Total 29 2.80700

l.s.d. ¥0.1628 £ 0.2574 «FTx: 0.3640 CV(%):7.6
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Appendix 7: Analysis of variancefor stem height 14DAE

Analysis of Variance for stem height 14DAE, Kibedite

Source of variation d.f. S.s. m.s. V.I. F pr.

Block stratum 2 16.595 8.297 5.91

Block.*Units* stratum

Methods 1 31.827 31.827 22.66 <.001

Timing 4 8.861 2.215 1.58 0.223
Methods.Timing 4 0.348 0.087 0.06 0.992

Residual 18 25.279 1.404

Total 29 82.910

l.s.d. »#0.909 £1.437 FT4:2.033 CV(%):7.8
Analysis of Variance for stem height 14DAE, Kingiie

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 17.525 8.762 6.31

Block.*Units* stratum

Methods 1 31.621 31.621 22.77 <.001

Timing 4 8.915 2.229 1.60 0.216
Methods.Timing 4 0.355 0.089 0.06 0.992

Residual 18 25.002 1.389

Total 29 83.419

l.s.d. ¥ 0.904 £ 1.430 KTy 2.022 CV(%):9.0
Appendix 8: Analysisof variancefor stem height 28DAE

Analysis of Variance for stem height 28DAE, Kibedite

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 39.385 19.692 5.75

Block.*Units* stratum

Methods 1 131.880 131.880 38.51 <.001

Timing 4 23.765 5.941 1.74 0.186
Methods.Timing 4 25.725 6.431 1.88 0.158

Residual 18 61.635 3.424

Total 29 282.390

l.s.d. ¥ 1.420 X 2.245 FTx:3.174 CV(%):6.0
Analysis of Variance for stem height 28DAE, Kingiie

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 10.341 5.170 1.48

Block.*Units* stratum

Methods 1 128.547 128.547 36.70 <.001

Timing 4 6.399 1.600 0.46 0.766
Methods.Timing 4 8.535 2.134 0.61 0.661

Residual 18 63.053 3.503

Total 29 216.874

l.s.d. *1.436 I 2.270 «FTx:3.211 CV(%):7.6
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Appendix 9: Analysisof variancefor stem height 42DAE

Analysis of Variance for stem height 42DAE, Kibeadite

Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 75.95 37.97 2.39
Block.*Units* stratum
Methods 1 144.76 144.76 9.11 0.007
Timing 4 475.63 118.91 7.49 <.001
Methods.Timing 4 65.74 16.44 1.03 0.417
Residual 18 285.94 15.89
Total 29 1048.02
l.s.d. x3.058 £4.835 FT:6.837 CV(%):7.0
Analysis of Variance for stem height 42DAE, Kingiie
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 76.17 38.08 2.38
Block.*Units* stratum
Methods 1 140.83 140.83 8.81 0.008
Timing 4 472.06 118.02 7.39 0.001
Methods.Timing 4 66.56 16.64 1.04 0.413
Residual 18 287.60 15.98
Total 29 1043.23
l.s.d. ¥ 3.066 J4.849 «FT«:6.857 CV(%y.
Appendix 10: Analysisof variance for stem height 56DAE
Analysis of Variance for stem height 56 DAE, Kibedite
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 80.40 40.20 1.37
Block.*Units* stratum
Methods 1 263.44 263.44 8.97 0.008
Timing 4 363.10 90.78 3.09 0.042
Methods.Timing 4 14.33 3.58 0.12 0.973
Residual 18 528.44 29.36
Total 29 1249.71
l.s.d. F4.157 J6.572 «FTx:9.294 CV(%):7.9
Analysis of Variance for stem height 56DAE, Kingiie
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 80.24 40.12 1.37
Block.*Units* stratum
Methods 1 264.03 264.03 9.03 0.008
Timing 4 359.87 89.97 3.08 0.043
Methods.Timing 4 15.96 3.99 0.14 0.967
Residual 18 526.02 29.22
Total 29 1246.13
l.s.d. £ 4.147 1 6.557 WETx:9.273 CV(%):8.4
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Appendix 11: Analysisof variance for stem height 70DAE

Analysis of Variance for stem height 70DAE, Kibedite

Source of variation d.f. S.S. m.s. v.r F pr.
Block stratum 2 77.15 38.57 1.30
Block.*Units* stratum
Methods 1 251.14 251.14 8.45 0.009
Timing 4 374.90 93.73 3.15 0.040
Methods.Timing 4 11.72 2.93 0.10 0.982
Residual 18 534.84 29.71
Total 29 1249.75
l.s.d. ¥4.182 ¥ 6.612 «FTx: 9.351 CV(%):7.7
Analysis of Variance for stem height 70DAE, Kingiie
Source of variation d.f. S.S. m.s. V.I F pr.
Block stratum 2 116.42 58.21 2.23
Block.*Units* stratum
Methods 1 142.57 142.57 5.47 0.031
Timing 4 469.38 117.34 4.50 0.011
Methods.Timing 4 21.84 5.46 0.21 0.930
Residual 18 468.88 26.05
Total 29 1219.09
l.s.d. *3.915 J6.191 JFET:8.755 CV(%):7.5
Appendix 12: Analysisof variance for canopy cover (% )
Analysis of variance for canopy cover, Kibeho site
Source of variation d.f. S.s. m.s. V.I. F pr.
Block stratum 2 875.22 437.61 8.95
Block.*Units* stratum
Methods 1 999.94 999.94 20.46 <.001
Timing 4 1114.36 278.59 5.70 0.004
Methods.Timing 4 155.05 38.76 0.79 0.545
Residual 18 879.79 48.88
Total 29 4024.36
l.s.d. *5.36 £8.48 FET11.99 CV(%):8.8
Analysis of variance for canopy cover, Kinigi site
Source of variation d.f. S.S. m.s. V.I. F pr.
Block stratum 2 1104.82 552.41 8.47
Block.*Units* stratum
Methods 1 1755.67 1755.67 26.92 <.001
Timing 4 1937.47 484.37 7.43 0.001
Methods.Timing 4 167.53 41.88 0.64 0.639
Residual 18 1173.85 65.21
Total 29 6139.34
l.s.d. ¥ 6.20 «19.801 «FT:13.85 CV(%):9.7
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Appendix 13: Analysisof variance for number of tubers per plant

Analysis of Variance for number of tubers per pl&ibeho site

Source of variation d.f. S.S. m.s. V.I. F pr.
Block stratum 2 2.5247 1.2623 1.91
Block.*Units* stratum
Methods 1 12.0333 12.0333 18.20 <.001
Timing 4 12.5987 3.1497 4.76 0.008
Methods.Timing 4 2.0400 0.5100 0.77 0.558
Residual 18 11.9020 0.6612
Total 29 41.0987
l.s.d. £ 0.624 x10.986 < x:1.395 CV(%):8.0
Analysis of Variance for number of tubers per platinigi site
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 3.354 1.677 0.74
Block.*Units* stratum
Methods 1 49.665 49.665 21.85 <.001
Timing 4 85.969 21.492 9.45 <.001
Methods.Timing 4 10.325 2.581 1.14 0.371
Residual 18 40.919 2.273
Total 29 190.232
l.s.d. £ 1.157 «11.829 «FTx:2.586 CV(%):12.6
Appendix 14: Analysisof variancefor total tuber yield
Analysis of Variance for total tuber yield, Kibekite
Source of variation d.f. S.s. m.s V.I. F pr.
Block stratum 2 32.561 16.280 8.40
Block.*Units* stratum
Methods 1 50.960 50.960 26.29 <.001
Timing 4 62.685 15.671 8.08 <.001
Methods.Timing 4 7.111 1.778 0.92 0.475
Residual 18 34.893 1.938
Total 29 188.210
l.s.d. ¥1.068 W11.689 «FT«:2.388 CV(%):11.1
Analysis of Variance for total tuber yield, Kinigite
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 44.193 22.096 8.47
Block.*Units* stratum
Methods 1 75.843 75.843 29.07 <.001
Timing 4 84.995 21.249 8.15 <.001
Methods.Timing 4 7.205 1.801 0.69 0.608
Residual 18 46.954 2.609
Total 29 259.190
l.s.d. #1.239 «11.959 T 2.771 CV(%):11.1
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Appendix 15: Analysisof variancefor tuber yield grades

Analysis of Variance for big size tuber yield, Kinsite

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 2.9120 1.4560 8.43

Block.*Units* stratum

Methods 1 4.8803 4.8803 28.26 <.001

Timing 4 5.6987 1.4247 8.25 <.001
Methods.Timing 4 0.3880 0.0970 0.56 0.693

Residual 18 3.1080 0.1727

Total 29 16.9870

l.s.d. ¥ 0.3188 10.5040 «FT0.7128 CV(%):11.6
Analysis of Variance for medium size tuber yieldbé&ho site

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 18.269 9.134 8.16

Block.*Units* stratum

Methods 1 28.421 28.421 25.38 <.001

Timing 4 35.291 8.823 7.88 <.001
Methods.Timing 4 4.235 1.059 0.95 0.461

Residual 18 20.158 1.120

Total 29 106.375

l.s.d. $0.812 \11.284 «FT«:1.815 CV(%):10.2
Analysis of Variance for medium size tuber yieldnigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 10.3920 5.1960 7.64

Block.*Units* stratum

Methods 1 19.6830 19.6830 28.93 <.001

Timing 4 21.2167 5.3042 7.80 <.001
Methods.Timing 4 1.6353 0.4088 0.60 0.667

Residual 18 12.2480 0.6804

Total 29 65.1750

l.s.d. *0.633 \11.001 «FTx:1.415 CV(%):11.4
Analysis of Variance for small size tuber yieldpkho site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 1.2647 0.6323 2.55

Block.*Units* stratum

Methods 1 6.6270 6.6270 26.77 <.001

Timing 4 5.5187 1.3797 5.57 0.004
Methods.Timing 4 2.1680 0.5420 2.19 0.111

Residual 18 4.4553 0.2475

Total 29 20.0337

l.s.d. ¥ 0.3817 «10.6035 «H «0.8534 CV(%):14.0
Analysis of Variance for small size tuber yieldnigi site

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 2.8887 1.4443 9.12

Block.*Units* stratum

Methods 1 4.3320 4.3320 27.35 <.001

Timing 4 5.0367 1.2592 7.95 <.001
Methods.Timing 4 0.6380 0.1595 1.01 0.430

Residual 18 2.8513 0.1584

Total 29 15.7467

l.s.d. #0.3053 «10.4828 «H x: 0.6827 CV(%):10.9

101



Appendix 16: Correlation between selected agronomic parameter s and potato tuber yield (effect of both factors)
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Appendix 17: Correlation between selected agronomic parameter s and potato tuber yield ( main effect of timing of fertilizer application)
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Appendix 18: Analysis of variance for soil pH before harvesting

Analysis of variance for soil pH, Kibeho site

Source of variation d.f. S.s. m.s. V.I. F pr.

Block stratum 2 0.64951 0.32475 5.53

Block.*Units* stratum

Methods 1 0.04226 0.04226 0.72 0.407

Timing 4 0.16269 0.04067 0.69 0.607
Methods.Timing 4 0.01158 0.00289 0.05 0.995

Residual 18 1.05715 0.05873

Total 29 1.92319

l.s.d. k: 0. 0.1859 x 10.2940: «Hx: 0.4157 CV(%):4.1
Analysis of variance for soil pH, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 0.165420 0.082710 11.10

Block.*Units* stratum

Methods 1 0.008003 0.008003 1.07 0.314

Timing 4 0.002113 0.000528 0.07 0.990
Methods.Timing 4 0.006380 0.001595 0.21 0.927

Residual 18 0.134113 0.007451

Total 29 0.316030

l.s.d. ik: 0.0662. T 0.1047 ET,: 0.1481 CV(%): 1.5
Appendix 19: Analysis of variance for soil organic carbon before harvesting

Analysis of variance for organic Carbon, Kibehesit

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 11.0199 5.5099 14.31

Block.*Units* stratum

Methods 1 0.6483 0.6483 1.68 0.211

Timing 4 3.1180 0.7795 2.02 0.134
Methods.Timing 4 0.1982 0.0496 0.13 0.970

Residual 18 6.9300 0.3850

Total 29 21.9143

l.s.d. £ 0.476. 1. 0.753: Hx:1.064 CV(%):8.7
Analysis of variance for organic Carbon, Kinigi site

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 0.0167 0.0083 0.02

Block.*Units* stratum

Methods 1 1.0083 1.0083 2.02 0.172

Timing 4 1.1333 0.2833 0.57 0.689
Methods.Timing 4 0.2000 0.0500 0.10 0.981

Residual 18 8.9833 0.4991

Total 29 11.3417

l.s.d. ¥ 0.542. x10.857 <y 1.212 CV(%):8.0
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Appendix 20: Analysisof variance for soil total nitrogen befor e harvesting

Analysis of variance for total Nitrogen, Kibehoesit

Source of variation d.f. S.s. m.s. V.I. F pr.
Block stratum 2 0.111227 0.055613 16.05
Block.*Units* stratum
Methods 1 0.007680 0.007680 2.22 0.154
Timing 4 0.007433 0.001858 0.54 0.711
Methods.Timing 4 0.000753 0.000188 0.05 0.994
Residual 18 0.062373 0.003465
Total 29 0.189467
l.s.d. ¥ 0.0452. x10.0714 «Hx: 0.1010 CV(%):9.4
Analysis of variance for total Nitrogen, Kinigieit
Source of variation d.f. S.S. m.s. V.I. F pr.
Block stratum 2 0.001947 0.000973 0.18
Block.*Units* stratum
Methods 1 0.014083 0.014083 2.60 0.124
Timing 4 0.025387 0.006347 1.17 0.355
Methods.Timing 4 0.006000 0.001500 0.28 0.889
Residual 18 0.097320 0.005407
Total 29 0.144737
l.s.d. & 0.0564. «10.0892 H x0.1261 CV(%):9.3
Appendix 21: Analysisof variance for soil available phosphorus before harvesting
Analysis of variance for available Phosphorus, Kibeite
Source of variation d.f. S.S. m.s. V.I. F pr.
Block stratum 2 26.2968 13.1484 84.21
Block.*Units* stratum
Methods 1 0.0780 0.0780 0.50 0.489
Timing 4 0.2518 0.0629 0.40 0.804
Methods.Timing 4 0.0410 0.0102 0.07 0.991
Residual 18 2.8104 0.1561
Total 29 29.4779
l.s.d. £ 0.3031. «10.4793: Hx: 0.6778 CV(%):3.4
Analysis of variance for available Phosphorus, Kirsite
Source of variation d.f. S.S. m.s V.I. F pr.
Block stratum 2 3.1766 1.5883 1.90
Block.*Units* stratum
Methods 1 1.8253 1.8253 2.19 0.157
Timing 4 1.0589 0.2647 0.32 0.863
Methods.Timing 4 1.0035 0.2509 0.30 0.874
Residual 18 15.0318 0.8351
Total 29 22.0961
l.s.d. #0.701. «11.108 «FTx: 1.568 CV(%):8.1
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Appendix 22: Analysisof variance for soil Exchangeable K+ befor e har vesting

Analysis of variance for soil exchangeableldefore harvesting, Kibeho site

Source of variation d.f. S.s. m.s. V.I. F pr.

Block stratum 2 0.001607 0.000803 0.55

Block.*Units* stratum

Methods 1 0.002253 0.002253 154 0.231

Timing 4 0.006087 0.001522 1.04 0.415

Methods.Timing 4 0.000247 0.000062 0.04 0.996

Residual 18 0.026393 0.001466

Total 29 0.036587

l.s.d. i: 0.02938. «0.04645 H x: 0.06569 CV(%):9.1
Analysis of variance for soil exchangeableb¢éfore harvesting, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 0.016087 0.008043 1.72

Block.*Units* stratum

Methods 1 0.008670 0.008670 1.86 0.190

Timing 4 0.011387 0.002847 0.61 0.661

Methods.Timing 4 0.005013 0.001253 0.27 0.894

Residual 18 0.083980 0.004666

Total 29 0.125137

l.s.d. £ 0.0524. «10.0829 “Hx: 0.1172 CV(%):16.8
Appendix 23: Analysis of variance for soil exchangeable Ca?* before harvesting

Analysis of variance for soil exchangeallig* before harvesting, Kibeho site

Source of variation d.f. S.s. m.s V.I. F pr.

Block stratum 2 0.1928 0.0964 0.70

Block.*Units* stratum

Methods 1 0.2067 0.2067 1.50 0.237

Timing 4 0.6202 0.1550 1.12 0.376

Methods.Timing 4 0.0264 0.0066 0.05 0.995

Residual 18 2.4840 0.1380

Total 29 3.5301

l.s.d. Fx: 0.2850. T: 0.4506 T :0.6372 CV(%):8.8
Analysis of variance for soil exchangeallig* before harvesting, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 0.03769 0.01884 0.33

Block.*Units* stratum

Methods 1 0.21336 0.21336 3.69 0.071

Timing 4 0.25952 0.06488 1.12 0.377

Methods.Timing 4 0.07085 0.01771 0.31 0.870

Residual 18 1.04171 0.05787

Total 29 1.62314

l.s.d. Fx: 0.1846. x10.2918 “Hx: 0.4127 CV(%):7.5
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Appendix 24: Analysis of variance for soil exchangeable M g2+ before harvesting

Analysis of variance for soil exchangeablg® before harvesting, Kibeho site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 0.03313 0.01656 1.56

Block.*Units* stratum

Methods 1 0.01083 0.01083 1.02 0.326

Timing 4 0.01485 0.00371 0.35 0.841
Methods.Timing 4 0.00132 0.00033 0.03 0.998

Residual 18 0.19121 0.01062

Total 29 0.25134

l.s.d. Fx: 0.0791. «10.1250 «Hx: 0.1768 CV(%):5.5
Analysis of variance for soil exchangeaMg?* before harvesting, Kinigi site

Source of variation d.f. S.S. m.s. V.I. F pr.

Block stratum 2 0.00049 0.00024 0.00

Block.*Units* stratum

Methods 1 0.14145 0.14145 1.74 0.203

Timing 4 0.51941 0.12985 1.60 0.217
Methods.Timing 4 0.06755 0.01689 0.21 0.930

Residual 18 1.45925 0.08107

Total 29 2.18815

l.s.d. Fx: 0.2184. x10.3454 <H «: 0.4884 CV(%):19
Appendix 25: Analysis of variance for soil CEC before harvesting
Analysis of variance for soil CEfefore harvesting, Kibeho site

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 93.938 46.969 11.76

Block.*Units* stratum

Methods 1 11.894 11.894 2.98 0.102

Timing 4 22.348 5.5687 1.40 0.274
Methods.Timing 4 4.554 1.138 0.28 0.884

Residual 18 71.913 3.995
Total 29 204.647

l.s.d. Fx: 1.533. T 2424 BTy 3.429 CV(%):11
Analysis of variance for soil CERefore harvesting, Kinigi site

Source of variation d.f. S.S. m.s V.I. F pr.

Block stratum 2 1.073 0.536 0.25

Block.*Units* stratum

Methods 1 5.985 5.985 2.75 0.114
Timing 4 10.430 2.608 1.20 0.345
Methods.Timing 4 2471 0.618 0.28 0.884

Residual 18 39.107 2.173
Total 29 59.067
l.s.d. Fx:.1.131 T:1.788 FETy: 2.528 CV(%):9.4
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