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ABSTRACT
Potato (Solanum ruberosum L.) 1s a major food crop and by far the most important vegetable
crop in terms of quantities produced and consumed. Potato productivity and industry
expansion have been constrained by the low quantity and quality seed tubers produced in the
mformal seed sector, partly due to improper fertilizer management practices and irregular
rainfall patterns. A study was conducted in a Rainshelter (RTral) at the Horticultural
Research and Teaching Farm of Egerton University to determine the effect of integration of
imgation water, nitrogen (N) and phosphorus (P) application on seed potato growth, yield
and wvield components, tuber quality and sprouting characteristics. The treatments were
arranged in a split-split plot layout in a completely randomised block design, consisting of
three irrigation rates (40%, 65% and 100% field capacity), four N rates (0, 75, 112.5 and 150
kg N/ha) supplied as urea (46% N), and fouf P rates (0, 50.6, 75.9, 101.2 kg P/ha) supplied as
riple superphosphate, replicated three times and repeated once. After harvest, seed potato
tubers harvested from each treatment were stored for 90 days after which sprouting
characteristics were determined in the postharvest Performance Evaluation Trial (PTrial).
Data collected were subjected to analysis of variance and significantly different means were
separated using Tukey’s Studentized Range Test at P<0.05. Subjecting potato to 100%
compared to 65% and 40% irrigation rates significantly affected most of the parameters
measured. High (100%) compared to 40% irrigation rate increased sprout emergence by 1.4%
and 3.2%, stem number by 0.2, plant height at 108 DAP by 32.64 and 33.85 cm, stomatal
conductance at 87 DAP by 32.82 and 31.99 mmolm 3!, leaf chlorophyll content index by
16.2 and 16.5, 19.8 and 19.6, and 15 and 20.3, when integrated with high compared with low
N and P application rates at 59, 73 and 87 DAP, LAI by 1.54 and 0.61 at 51 DAP, and by
2.06 and 1.78 at 64 DAP, reduced the days to 50% flowering by 14.9 and 15.2, and WUE by
6.1 and 8.1 kg/m’, increased NUE by 14.4 and 13.3 kg/kg, and PUE by 73.4 and 69.5 kg/kg,
in RTrials I and II respectively. High (100%) compared to 65% irrigation rate reduced the
number of tubers by 1.2 and 1.3 and seed potato yield by 2.3 and 3.1 t/ha, increased ware
potato by 4.3 and 5.1 t/ha, reduced seed size II by 2.5 and 2.9 t/ha, seed size I by 1.6 and 2.1
t'ha, and chats by 0.7 and 0.8 t/ha, HI by 5.3% and 4.9%, tuber tissue P content to 0.18% and
0.22%, seed potato NEB by Ksh. 288,991 and 274,792, seed potato firmness at harvest by 1.2
and 1.3 kgf, TSS by 0.3% in RTrials I and II, respectively. The 100% compared to 65%
irrigation rate reduced tuber yields by 2.33 and 3.08 t'ha, seed size II by 2.45 and 2.88 tha,
seed size [ by 1.62 and 2.1 t/ha, net economic benefit by Ksh 202,799 and 235,684, number
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W sprowss by 0.9 and 1.1, post-treatment evaluation stem number, density and height at 57
D &y 13 and 1.1, 15.1 and 12.6, and 13.4 cm and 10.3 cm, and tuberization capacity in
sesalens plants by 5 and 8.7 tubers, in PTrals I and II, respectively. The N and P rates
g=merally improved potato growth and development, yield and yield components in the
®Tmal and also the number of sprouts, growth and tuberization capacity in the PTrial.
Cambened application of N and P at 112.5 kg N/ha and 75.9 kg P/ha, compared to 0 kg N/ha
== O k2 P'ha increased potato leaf chlorophyll content index at 73 DAP by 17.6, reduced
d&xys 0 50% ﬂowgring by 4.7 and 4, potato physiological maturity by 18.6 and 19.7 days,
smereased total biomass production by 123.4 and 170.5 g, number of tubers by 1 and 1.4, seed
pet=io vield by 19.1 and 25.1 ton/ha, seed potato HI by 8.5%, water use efficiency by 10 and
13 kz'm’. N use efficiency Ey 41.89 and 53.31 kg/kg, P use efficiency by 140.7 and 186.6
k2 kg seed firmness after storage by 1.3 and 3 kgf, seed potato tubers TSS by 1.4% and
1.6%, and NEB by Ksh. 490,210 and 619,591, in RTrials I and II, respectively. Application
of N at 0 to 150 kg N/ha increased number of sprouts from 3.8 and 4.6 t0 4.8 and 5.5, and
sprouting from 54.8% and 66.3% to 68.7% and 78.6%, while P application at 0 to 101.2 kg
P ha increased sprouts from 3.8 and 4.5 t0 4.8 and 5.7, and sprouting from 53.6% and 64.7%
 67.9% and 81.4%. Integration of N at 0 to 112.5 kg N/ha with 65% irrigation rate
mncreased number of tubers produced by the resultant plants by 3.4 and 5.4, while high P rate
at 75.9 kg P/ha increased tuberization by 8.4 and 10.7, in RTrials I and II, respectively.
Integration of 65% irrigation rate, 112.5 kg N/ha and 75.9 kg P/ha rates optimised potato
growth, seed vield, seed size distribution, water and mineral nutrient use efficiencies, seed
potato tuber sprouting, net economic benefit, and vigour of resulting potato plants. It is
therefore recommended to apply intermediate irrigation (65% field capacity), N (112.5) and P
(75.9 kg P/ha) rates to optimise growth, development, yield, yield components and quality
characteristics of potato destined for seed use.
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CHAPTER ONE
INTRODUCTION
2.1 Background Information

Potato (Solanum tuberosum L.) 1s a major food crop and by far the most important
wes=table crop in terms of quantities produced and consumed worldwide (FAO, 2005). Potato
= =e world's fourth important food crop after wheat (Triticum aestivum L.), tice (Oryza
sstva L), and maize (Zea mays L.) because of its great yield potential and high nutritive
walee (FAO, 2009; Kumar, 2013). Potato is a staple component of the diet in many human
Suinures, a source of many essential nutrients and is available all year round (Arvanitoyannis
e 2l 2012). It has significantly more nutritional value than major cereal crops (Thompson ef
& 2007). Potato is grown for many uses such as food, income and raw materials for
grocessing. In all cases, a reliable supply of good quality seed is crucial to the development of
e potato sector (W1, 2007). Potato is consumed as a staple food in many parts of the world
Sett, 2006) and by over one billion people, half of whom live in developing countries. It
&wves an exceptionally high yield and also produces more edible energy and protein per unit
&=z and time than many other crops (Naik and Karihaloo, 2007).

Potato is used to postpone the consumption of cereals and is grown as a security crop
2sminst crop failures (Kamadi, 2011; Muthoni ef al., 2013). Its tubers constitute a highly
sutnitious food and supplies at least 12 essential vitamins, minerals, proteins, carbohydrates
and iron (Thornt and Sieczka, 1980). It is consumed in many forms such as vegetable, chips
and powder (Walingo ef al., 1997, FAQ, 2009; Kibar, 2012). Potato provides subsistence to
people from the high Andes to the plains of East Africa, and because it can be stored to
provide food during food scarcity times, it is part of both commercial and subsistence
agriculture (Secor and Rivera-Varas, 2004).

Potato is of socio-economic importance and benefits both commercial and resource-
poor smallholder farmers. Many farmers prefer growing the crop because it has a short
maturity period and can be grown throughout the year (Kabira, 2002). It has overtime
generated special importance in most parts of Kenya as a means of strengthening food
security and increasing revenues for farmers. Out of the four major food crops (rice, wheat,
potato and maize), the potato has the best potential for yield increases (Wang, 20087).There 1s,
therefore, increased need to boost output and improve cropping systems to increase profits.

Potato produces high yield, more edible energy and protein per unit area and time
than many other crops, fits well into multiple-cropping systems, its cultivation is profitable
and it provides employment hence it cultivation is expanding rapidly in developing countries



“Simen 2008). Currently due to its short growth cycle and the convenience with which it fits
WD cropping systems as a rotation crop with xriaize, rice, soyabeans, cabbages and peas,
“=muce. wheat, onions, potato has become a very important crop (Theisen, 2006; FAQ, 2009;
T0F. 2010). Potato plays an important role in the Kenyan economy and is one of the most
smporant food and cash crops in the highlands. Due to its increased consumption and use in
Samuly diets, potato production rates have been increasing in Kenya. Potato matures in 3 to 4
menths and its average yields range from 20 to 40 tha (Abdelgadir er al, 2003), although
most farmers realize less than 10 t/ha due to poor agronomic practices, low farm input use,
“i==n seed tuber shortage, and poor pest control (Kabira ef al., 2006). While in some African
Ssemiries potato is considered a “poor person’s food”, in Kenya it is considered a high quality
aac prestigious food item (FAO, 2009). Potato is grown by some 500,000 farmers on about
128000 ha with average yields of 7.7 tonnes per ha and most potato growers are small-scale
S=rmers (Janssens et al., 2013)

Potato production bears high income potential for farmers, but owing to various
somstraints such as limited supply of pest-free planting materials, low quality in terms of
somtent and size, lack of sufficient irrigation, fertilization, low technical and postharvest
fendling know-how amdng farmers, local production rarely meets the market demand.
“mality of produce is sometimes poor, consumer prices seem often higher than production
sosts and demand often outstrips supply, meaning that the sector is still under-exploited
Awieko ef al.,’ 2005). Potato productivity and industry expansion have been constrained by
e poor quality seed tubers produced in the informal seed sector (Sayagie, 2009). Poor seed
anse from inadequate supply of initial planting materials, improper fertilizer management
sractices and irregular rainfall patterns. One of the main constraints is the cost of producing
se=d tubers since this can account for between 30% and 50% of the total production costs,
2epending on the country or region (Correa ef al., 2009).

Kenya needs 300,000 tonnes of certified potato seed per year (MOA, 2009), but only
-.540 tonnes (TOF, 2012) are available from research institutions and certified seed
producers and therefore 96% of the farmers use their own harvest for replanting (ICIPE,
2010). It is therefore very difficult for farmers in most parts of the country to get good quality
seed potato for planting. What farmérs are forced to do in most cases is that at the time of
planting, they use the available potatoes in their seed store, regardless-of whether they are
well-sprouted or not and such poor potatoes only produce one or two stems, which lead to
poor yields (TOF, 2012).To meet the increasing demand of seed tubers, production efficiency

must be improved. The seed potato tubers must also present good physiological



ssmractenstics such as minimal weight loss in storage, firmness, total soluble solids content,
e sproutability, which are crucial in improving production at the farm level. Small-scale
potsto farmers ;eiy on farm-saved seed potato tubers, as well as seeds purchased from
m==ghbours. Formal potato production sector’s high-quality and more productive seed potato
Subers are expensive and remain largely unavailable to smallholder farmers in sub-Saharan
Afica. Only elite farmers can afford the expensive certified seed tubers. The balance of the
se=d requirement is supplied by the informal sector managed by traders, seed tuber and ware
potato producers. The informal system, which includes unlicensed potato growers and
seppliers mainly in immediate localities, entails farmer-to-farmer distribution that supplies
#9555 of the estimated 300,000 tonnes of seed potato tubers required annually (MOA, 2009).
“ompared to the formal seed sector which involves a long certification process according to
e Seed and Plant Varieties Act Cap 326 the informal seed production system needs much
less time to avail the seed to the farmers and therefore should be supported as it is the only
sustainable method to alleviate the problem of seed shortage (TOF, 2013).

Quality seed is one of the most important elements in successful potato cultivation.
Potato seed is usually the most expensive single input to potato cultivation accounting for 40
0 50% of production cost and shortage of good quality seed is recognized as the most
mmportant factor inhibiting potato production (Singh, 2008). Availability of quality potato
planting materials in adequate quantities is a major issue and although efforts to strengthen
the formal seed system are critical, there is need to consider effective integration with the
mformal seed system to close the availability gap. However, many informal seed potato
farmers in Kenya still use ware potato production technology for producing seed tubers.
Consequently, seed tubers available through the informal system are of poor quality. Though
potato yields are affected by several factors, seed quality is the basic factor. Most potato
growers do not apply integrated management practices during seed tuber production. Potato
growth depends on a supply of plant nutrients, such as nitrogen (N), phosphorus (P) and
potassium (K), each with a specific function for plant growth and lack of them results in
retarded growth processes and reduced yields (van der Zaag, 1981).

In Kenya, low application of N and P under continuous cultivation is a major
constraint that leads to poor potato growth and productivity. Informal seed tuber growers
continuously grow potatoes for income generation purposes, resulting in depletion of the
major nutrients in potato farms. For increased productivity inorganic N fertilizers have
Secome extremely important in correcting declining soil fertility, seed tuber yields and

quality. For high yields, potato requires both organic and inorganic mineral fertilization
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®S2za et al., 2004). Farmers apply phosphatic or compound fertilizers such as diammonium
ghosphate at planting and do not or rarely do topdress' the potatoes later in the growth season.
Sowever, use of these fertilizers has not been effective due to isolated application practices.
Technical Centre for Agricultural and Rural Cooperation (2003) indicated that soil fertility
Zepletion is the fundamental cause of low per capita food production in Africa. Fertilisers are
sxpensive and their availability to most small-scale farmers in the informal sector is limited
o cost, which then calls for integrated use to increase productivity per unit area of
spplication. When applied nutrients are not taken up by the crop, fertilization efficiency
decreases and unused N and P can be lost through leaching or runoff in groundwater or
sarface water (Obreza and Sartain, 2010).

Another factor that has limited seed potato production in many parts of Kenya is
wnreliable rainfall. Potato is sensitive to soil water deficit (Bowen, 2003; Kiziloglu et al.,
2006). Water deficit is a common stress in potato production, which leads to decrease in tuber
guality and yield (Hassanpanah, 2009). Hot, dry conditions reduce availability of good-
guality tubers and this demonstrates how proper soil moisture supply could have major
impacts on the economics of potato production. During hot and sunny days even well-
umigated potato plants undergo temporary water stress (Jefferies, 1995). However, the
severity of water stress effects depends on stress timing, duration and intensity. Irrigation has
been increasingly employed to curtail effects of drought (Thompson e al., 2007) in other
countries, but in Kenya potato farmers rarely use this practice due to cost and lack of
imowledge, among other factors. Knowledge on performance of potato under different
urmigation regimes will help predict the expected seed tuber yield in environments
characterized by varied rainfall amounts. Information on potato crop water use and soil water
depletion will help determine the water required for optimal production, especially under
rainfed conditions.

Recent potato yield increases are mainly due to improvements in cultural practices,
parucularly the increased use of irrigation, althbugh new cultivars may also have played a
major role. It is reported that 50% of the four-fold yield increase from 1930 to 1980 was due
0 genetic improvement (Bamberg and Rio, 2005). There is need to develop strategies to
provide potato growers with good quality seed tubers at affordable price. Study of tolerance
of potato to varying irrigation water and mineral nutrient supply rates will assist farmers in
the informal seed potato sector in predicting seed potato tuber yields to expect under their

prevailing agro-ecological conditions.
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- 5.2 Seatement of the Problem

Selecton of the.right potato planting material is one of the most challenging tasks a
Swmer undertakes to obtain good yields. Small-scale potato farmers are constrained by
j&d seed potato tuber quantity and quality. Although there exists potential of increasing
emmo productivity through increased informal seed potato tuber production there is limited
Smewisdge on the effects of integrated irrigation water, N and P rates management on seed
et tuber yield, quality, and subsequent sprouting and growth vigour. Currently, informal
se=d sector farmers rely on ware potato fertiliser and irrigation rates, which are not
‘=msmomical or appropriate agronomically. Furthermore, efforts to study in-tegrated N, P and
smamntion water management effects on post-harvest sprouting qualities of seed potato tubers
Sawe been limited in scope, inconsistent in effort, or never been attempted. It is imperative to
@=elop specific integrated N, P and irrigation water management packages that will result in
Seh wield and quality of seed potato tubers. If value is added to seed potato production,
Swough better irrigation water and fertilizer nutrient management, this will not only meet
se=d guality needs, but will enable have a highly profitable cash crop that can drive economic
- @=wclopment and sustain livelihoods in areas where potato is grown. This will maximize
geofiability in the informal potato production sector.

1.3. Objectives
131 Ceneral objective

To increase seed potato tuber productivity and quality through integration of irrigation
waser, N and P fertilizer application rates and management.

1.3.2. Specific objectives
' 1} To determine the effect of irrigation water, N and P rates on growth, yield and quality of
seed potato tubers.

2+ To evaluate sprouting and tuberization capacity of seed potato tubers produced using
different irrigation water; N and P rates.

3 To establish the net economic benefit, WUE and FUE of seed potato tubers produced
using different irrigation water, N and P rates.

‘% To determine interaction effects of irrigation water, N and P rates on growth,
development, yield, quality, sprouting and tuberization capacity of seed potato tubers.



1.4 Hypotheses
The hypotheses tested were:

1 41 Irrigation water, N and P rates have no significant effects on growth, yield and quality
of seed potato tubers.

..&I!‘
I
ta

Irrigation water, N and P rates have no effects on sprouting and tuberization capacity

“of seed potato tubers

o
e
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. The net economic benefit, WUE and FUE of seed potato tubers produced using
different irrigation water, N and P rates are not significantly different.

144 Interaction of irrigation water, N and P rates on growth, yield, quality, sprouting and

tuberization capacity of seed potato tubers are not significantly different.

1.5, Justification of the Research

Informal potato seed production system is characterized by buyer-seller arrangements
that are disorganized and lack regulatory controls. On the contrary, the strategy of the
mformal seed potato sector should be to increase seed potato production and ensure that
r=source-poor farmers have access to healthy and improved seed potato tubers. Furthermore,
there is lack of uniformity in description of seed potato size and farmers are not aware of the
=ffects of different management practices on seed potato quantity and quality. Seed accounts
for about 40% of the cost of production and quality seed is a prerequisite for profitable potato
crop (Kang, 2008). For increased potato productivity, quantity and quality seed tubers should
be accessible to farmers at affordable prices. Otherwise farmers in desperate situations will
always turn to planting low quality seed potato. Knowledge of the effect of integrated water
2nd nutrient management on quantity and quality of seed potato tubers will help to strengthen
the informal seed potato production system. '

Although potato is the most widely distributed crop in tropical and subtropical zones
of the world (Burhan er al, 2007), its productivity and quality are inadequate due to
disjointed investigation of the many factors that hinder them. These factors include poor seed
potato tuber quality, irrigation management, mineral fertilization, insect pest and disease
forecasting, as well as poor planting dates and storage conditions (Walingo et al., 2004).
Farmers in the informal seed potato sector do not apply N and P fertilisers or they apply them
using either high or low rates that result in production of large quantities of ware or chat
potatoes, respectively. Large quantity of ware potatoes results in increased cost of seed tubers
due to hefty quantities required to plant a unit area. Large quantity of chats, results in fewer

mibers being required, but due to their small size they exhibit short shelf-life, poor growth and



=g While the big sized seed increase cost the seed that are too small can rot before
smergence (Wang, 2008). It is therefore eésentiai to control the conditions during production
= optimize seed potato tuber quality.

The limited availability of certified seed potatoes to smallholders compounds the
ser=ad and perpetuation of diseases, as farmers have no option, but to obtain seed potatoes
Som unreliable sources, such as previous harvest, local markets or neighbours. This poor
auality of seed then becomes a major constraint on yield increase. For this reason, supply of
auzlity seed becomes a key issue for potato production. Poor crop husbandry practices lead to
W yields, diseases, bruises, mixed and smaller tubers at harvest. There is need, therefore, to
@=velop N and P management practices during potato growth, which will enhance desired
auality of seed potato tubers in the informal sector. Increase in potato production will be
achieved through the high quality seed potato tubers directing partitioning of the dry matter
Sowards increased tuberization and average size. Currently, there are no recommendations for
combined N, P and irrigation water rates for seed potato tuber producers in the informal
sector to adopt, leaving the sector to rely on management practices for commercial or
subsistence potato production. This discrepancy has resulted in production of under- or over-
sized potato tubers that are not suitable for use as seed.

Water and N are important factors influencing tuber growth, development, quality and
wield and their balanced management is important where rainfall is extremely low and soils
save low organic matter content, since potato closes stomata under relatively low soil
mossture deficit (Pereira and Shock, 2006). Plant needs for water and nuirients are
meerdependent, as a good water supply improves the nutritional status of crops, and adequate
sument supply saves water (Roy er al, 2006). Proper coordination of N, P and water
management can increase potato productivity through their efficient use. Most work on seed
potato tuber quality has focused on effect of diseases and little attention has been given to the
effect of nutrient and water management in different genotypes. Despite the value of size of
se=d potato tubers to growers and the importance of N, P and water management, no work
Sas been done on combined application of N, P and irrigation water. Farmers in the informal
se=d production sector are inconsistently and inappropriately applying N and P fertilisers due
% lack of information on their combined effects on potato growth and development for high
guantity and quality seed potato tuber production. In the long-term misapplication lowers
weld and quality of seed potato tubers, as well as market and consumer values. Where
Srulization is done, farmers do not supply irrigation water to the crop to enable it utilize the

suments maximally during dry spells. There is poor understanding of tuberization



smerements by growers in the informal seed potato production sector. As the need for food
ction increases with increasing population growth, it is important that strategies are

gckages and knowledge on tuberization requirements. This can be achieved through
ined investigation of N, P and irrigation water effects. Furthermore, in the face of
weased fertilizer and irrigation water cost and stringent environmental regulation, there is a
-al need to improve N, P and water use efficiency to ensure seed potato tuber production
ins sustainable.




CHAPTER TWO
LITERATURE REVIEW
2.1. Overview of Potato

Enhanced productivity of potatoes can improve the livelihood of smallholder farmers,
2s well as meet the growing consumer demand (Gildemacher et al., 2009). Potato tubers are a
#ood source of energy and high quality proteins, vitamins and minerals (Burt, 1989).
Development of potato plants can be divided into five growth stages, namely sprouting,
wegetative, tuber initiation, bulking and maturation (Ewing and Struik, 1992; Agriculture,
- Food and Rural Development Department, 2005). Timing and duration of these growth stages
Zepend upon environmental factors such as elevation, temperature, cultivar, soil moisture and
nutrient status. Considerable work regarding individual fertilizer and water use management
on potato growth and yield is available but the combined effects are scarcely documented. To
produce quantity and quality seed potato tubers balanced N and P nutrient and water
management must be enhanced during growth. In informal seed sector, intensification is
crucial to tackling of the problem of potato self-insufficiency through production of more and
Quality seed tubers per unit area of land.

Potato production is practiced mainly by small-scale farmers in farms averaging
Setween 0.5 ha and 2.0 ha. Production rates have not only been increasing, but they have
exceeded those for many other major food crops (CIP, 1998). However, yield and quality of
potato is affected by many factors, including poor seed, growing techniques, fertilization,
disease control, storage facilities, marketing systems and varieties (Shamebo, 1997). The
factors can be classified as genetic, environmental and cultural. Cultivar, physiology,
cultivation practices, crop management, growth and storage conditions influence tuber quality
Burt, 1989; Struik and Wiersema, 1999). Potato tubers have high water content and are
sensifive to environmental conditions during production. Thus, although high yielding potato
vaneties have been developed, their yield capacity and quality in the informal seed sector has
over time been limited by poor farm-level crop husbandry practices. Potatoes are affected
Suring the growing season by temperature extremes, nutrient excesses or deficiencies, water
siress, physical damage, or other unfavorable growing conditions, may not respond to storage
emvironments well (Kibar, 2012).

2.2. Seed Potato Tuber Quality ‘
Potato yield is strongly influenced by seed quality characteristics mainly seed tuber

sze. physical characteristics such as shape and presence of wounds, physiological age and
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se=d tuber heaitlh (Struik, 2006). Other seed tuber quality attributes that may influence potato
sowth includes mineral nutrient composition, specific density, starch and dry matter content.
Starch is the main component of the harvested parts of many crops, including cereals, peas
2ad beans, potatoes and cassava and is the main form in which plants store carbon (Smith,
2010). Advances in seed potato multiplication technology and management present numerous
sptions for improving local seed supply systems, both in terms of quality and quantity. The
paysiological status of seed potato has a great impact on sprouting, number of stems per
piant, number of tubers per stem, tuber-size distribution, and tuber yield (Van der Zaag and
“an Loon, 1987). Control of seed tuber quality is an essential element in the sustainability of
e seed industry as it is the basis of increased yield at the farm level.

Tuber size affects yield per stem, and if small results in less foliage per stem and
Bence less radiation use and photosynthetic efficiency. Tuber size influences performance of
potato attributes such as sprouting, vigour, growth and final yield (Allen and Scoot, 1980).
Surthermore, tuber size influences bud and stem number per seed piece, which in tumn
mfluence tuber set and eventual yield of potato cultivars. Wiersema et al. (1987) reported that
fubers weighing over 100 g developed more sprouts with longer length, steady ground cover
and yield than small tubers (2.5 g). However, the benefit of large tubers diminishes as size
mcreases further (Iritani and Thornt, 1984). The higher sprouting, growth, and yield potential
associated with large-sized tubers is attributed to high stored food reserves and biochemical
composition. During the early stages of growth, developing sprouts rely heavily on tuber
carbohydrate reserves.

Young tubers produce strong sprouts, whereas tubers of advanced physiological age
produce sprouts with reduced vigour (Mikitzel and Knowles, 1989). Van Ittersum (1992)
seported that small tubers had longer dormancy .due to young physiological age. This,
Sowever, depends on cultivar, growing conditions, fertilizer and irrigation management, since
fubers of the same size may have a different number of buds (Struik and Wiersema, 1999).
Furthermore, uneven growth of the potato plant and hence tubers can result in abnormalities
= tuber shape. Fluctuating temperature, moisture and N, especially in the formative stage
cause malformed tubers: Although the demand for seed tubers is high in most potato growing
regions, 1t is rarely met and the most viable solution is farmers to grow their own farm saved
se=d tubers. However, lack of knowledge on the benefit of well-sprouted seed on potato
sroductivity has led to poor potato yields on many farms.
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| 23. Factors Affecting Potato Growth, Yield and Quality

Potato growth and development is affected by temperatﬁre, water, minefal nutrients,
Z=notype, irradiance and photoperiodism (O’Brien ef al., 1993). However, length of growing
scason, air and soil temperatures, light intensity and duration, humidity and wind are
ancontrollable, whereas genotype, size of mother tubers, tuber-piei:e cutting and type, cut-
fuber size, plant stand, stem population, moisture, nutrition, pests, planting and harvest dates
can be controlled by growers (WPC, 2003).

Initiation of tubers leads to preferential partitioning of assimilates to the tubers
{Ewing and Struik, 1992) and the final tuber yield of a potato crop is the result of many
physiological and developmental processes in which accumulation and partitioning plays a
major role (Fonseka er al, 1996). Tuber initiation is a key developmental stage in potato
crop’s life with profound implications to subsequent growth and development (O’Brien et al.,
1593). Potato quality is an important factor influencing success in the market (Mayer ef al.,
~008). An increase in the proportion of misshaped tubers, with pointed ends, knobs and dumb
bells indicates that the plants were stressed. During stress, the low availability of starch
and/or nutrients may temporarily stop tuber growth. When growth resumes, it occurs at the
site of most active cell growth. The end result is malformed tubers that decrease the quality of
seed tuber size and shape.

Potato is a cool-season crop and cool night temperatures are important in
accumulation of carbohydrates and dry matter, essential in enhancing starch storage in tubers.
The number of tubers set per plant is high at lower temperatures, whereas higher
femperatures favour development of foliage and large tubers, but retard tuberization. Potato is
Dest adapted to cool climates with mean daily temperatures ranging from 15°C to 18°C
(Haverkort, 1990). High yields are obtained when average daytime temperatures are about
21°C (WPC, 2003; Wicks, 2004). Extremely cool and high temperatures reduce net
assimilation to tubers, while high temperatures may prevent tuber initiation (Worthingt and
Hutchinson, 2005). Furthermore increase in temperature reduces dry matter partitioning and
negatively impacts on the onset of growth and absolute growth rates (Kooman er af., 1996).
In potato 18-25 °C is the ideal temperature for germination, 20-25°C is the best temperature
for photosynthesis and development of stems, leaves and flowering and 16-18 °C in the soil is
the best for tuber formation (USAID, 2011)

Over 90% of potato tuber dry weight is a direct result of photosynthesis, but as
femperature increases, the rate of respiration rises dramatically, resulting in less starch
availability to drive plant and tuber growth (Thornton, 2002). Tuber growth begins at the time
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e flower anth351s and is aﬁ'ected by temperature, moisture supply, photoperiod and
SSohydrate reserves. Potato tuberlzatlon involves enlargement of the tip of the rhizome,
#msing from underground sprouts. High temperatures reduce specific gravity by reducing the
- we=l amount of starch available for transport from leaves to tubers and the rate of
| smcorporation of that starch into tuber tissues.

Changing climates within and between years caused by changes in precipitation and
=mperature dispersion have resulted in varied water stress conditions. The currently observed
. ==nd in global warming of between 0.6 =0.2 °C since 1900 will continue and the average
l Zobal temperature will increase by between 1.4 and 5.8°C over the period 1900 to 2100
- ‘Hought er al,, 2001). With time increase in global average temperature of between 1.2 and
1 8°C in the 2010-39 and 2.1 and 3.2 in 2040-69 is expected to occur (Hijmans, 2003). These
| chimatic changes influence plant phenology and the rate of dry matter accululation (Battilani
- & al, 2008). This climate change is no exception under the Kenyan condition and will
Sefinitely lead to a major decrease in potato productivity among others crops.

Water deficit decreases the number of leaves, plant water potential (Frensch, 1997),
ieaf area, stem height, ground cover, canopy radiation interception, harvest index, tuber
- mumber, growth, yield and dry matter concentration (Schittenhelma e al., 2006). Water stress
| 5o causes tuber cracking and malformation, surface abrasion, hollow heart, brown centre,
meemal brown spot, vascular discolouration, reduced sugar content in stems, degradation of
s=rch in the tuber stem-end and total glycoalkaloids concentration (Papathanasiou ez al,
1399). The amount of water needed for good tuber production varies with soil type,
s=mperature, humidity, air movement, plant and stem populations, variety, nutrient supply,
and cultural praétices (Wicks, 2004). After tuber set the number of tubers that achieve
maturity varies depending on cultivar, available moisture and nutrition.

Optimum moisture and nutrient levels early in the growing season are critical to
maintenance and development of tubers. During tuber initiation small tubers form at the end
¢ siolons and adequate moisture at this stage is necessary to encourage a large number of
- sbers to set. During bulking, tubers enlarge and leaf area attains a maximum level, resulting
= maximum evapo-transpiration or water use (Achtymichuk, 2008). Growth and water use
S=crease towards thé end of the bulking period. Too little moisture results in small,
musshaped and reduced tubers, whereas too much moisture leads to erosion, increased disease
- suscepubility and leaching of fertilizer. Uneven moisture results in tubers with many knobs or
Sollow centres due to uneven growth. Proper potato development requires a continuous
Sepply of soil water (WPC, 2003, Pereira and Shock, 2006). King and Stark (1997) identified
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Sve physiological development growth stages of potato namely planting to emergence (0 to
30 DAP), early vegetative development from emergence to tuber initiation (30-45 DAP),
fSuber initiation or “tuberization” where tubers form at the tips of the stolons (45-55 DAP),
fsber enlargement or “bulking” (55-105 DAP), and finally when the growth rate of the
canopy begins to decline and plants begin to die consequently losing leaves (105-140 DAP).

Yields are greatest when soil moisture is maintained above 65% of the available soil
water capacity (Shock, 2003). Tuber set is particularly sensitive to moisture stress, and
e=nerally fewer tubers are set when available soil moisture is low (Hassanpanah, 2009). Low
or fluctuating moisture levels contribute to common scab, early dying, hollow heart, knobby
tubers, low dry matter, set and yield, whereas excessive soil moisture causes tuber rot and
low yields (Shock et al., 2006; Nasseri and Bahramloo, 2009).

2.4. Effect of Water Stress on Potato Growth, Tuber Production and Quality

Potato is particularly sensitive to soil water stress (Thompson er al., 2007), which
affects physiology, bulking, grade, specific gravity, processing quality and yield of tubers
‘Shock er al., 2006). Potato tuber response to soil moisture conditions begins before tuber set.
MacKerron and Jefferies (1986) showed increased water stress duration before tuber
mitiation reduces tubers set per stem. A visible shift from rainfed to irrigation-fed seed
production could unlock the perennial potato seed shortage and guarantee food security
through increased productivity.

Thomnton (2002) and Shock (2004) found that all growth stages of potato, but
particularly tuber formation, are very sensitive to water deficit stress. One of the first
paysiological responses affected by plant water deficits is the expansion of leaves, stems, and
mubers (King and Stark, 1997). However, some stress can be tolerated during early vegetative
Zrowth and late tuber bulking stages (Wright and Stark, 1990). Furthermore, Hassan ef /.
12002) reported that stolonization and tuberization are more sensitive than bulking and tuber
salargement to water stress conditions. Thus the critical period for water deficit in potato is
Suring tuber development and achieving better yields requires adequate water supply from its
Seginning until ripening (CIP, 2007). There is dramatic decrease of water resources due to
prolonged drought periods in many potato growing areas. Therefore proper water utilization
'S a constant concern to increase on the water use efficiency for improved seed potato
sroduction in the informal sector. Farmers in informal seed production sector generally lack

imowledge on aspects of soil water management that increase water use efficiency,



roductivity and quality of potato. Currently, there is no irrigation rates recommendation for
@ptimal seed potato production in Kenyra. I

Shock et al. (1992) reported that tuber market grade and stem-end fry colour is
mmproved by moderate soil moisture stress before tuber initiation. Excess watering may lead
o water-logging, loss of valuable nutrients from the root zone and salination. Rainfall
patierns within seasons have changed to situations where drought occurs at critical crop
rowth stages and heavy rainfall occurs at crop maturity when water is least required. Global
warming resulting from climate change is likely to lead to changes in time of planting, use of
‘ater maturing cultivars, including shifts in location of potato production (Hijmans, 2003).
- Often, the short rains are unreliable such that farmers rarely utilize it to grow a potato crop.
Sometimes water demands may not be met by rainfall inputs because of the rising
=mperatures. Consequently water deficits are experienced and water supply through
supplemental irrigation for increased yield and quality of seed potato is inevitable.

Water is a vital component of crop production and its adequate supply is essential to
maximize both quality and crop yield (Birkenshaw and Bailey, 2012). Potato is considered to
% a high water use crop. Its yield and grade is reduced by both over- and under-irrigation,
#nd a mere 10% deviation from optimum water application throughout the growing season
~ decreases yield (Pereira and Shock, 2006). Yield reductions due to over-irrigation are
mediated through poor soil aeration, increased disease incidences and leaching of N from the
shallow root zone. Deficient soil moisture conditions results in soils with clods that lower
s=m density due to poor tuber sprouting (Wiersema, 1987). Stem density is important in
- determining size, number and multiplication rate of potato tubers, which in turn determine
Suber yield. Efficient irrigation management can maximize marketable seed yield and reduce
sroduction costs by conserving water, energy and nitrogen fertilizer. Water use efficiency
WUE) refers to the units of a crop produced per unit of available water and the more crop
weeld that is produced per unit of water, the greater is the WUE (Stewart, 2001). In potato,
WLUE is defined as the tuber yield obtained per unit of water consumed through
=vapotranspiration (Doorenbos and Pruitt, 1977).

With decreasing water supply resource the challenge to farmers is how to increase
%2od production using less water or how fo use available water resources optimally. With the
d=creasing water resources, irrigation water use efficiency is becoming more and more
mmportant and alternative water application methods, such as drip and sprinkler irrigation, can
Semsiderably contribute to the improvement of the water applications for agricultural
parposes and irrigation efficiency (Sezen, 2005). An increase in WUE is needed to cope with
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e declining quantity of water available for agriculture while maintaining yield (Liu er al,
206, Battilani e al., 2008). Crop WUE is an especially important consideration where
_ emgation water resources are limited or diminishing and where rainfall is scarce. In potato
spumum yield is obtained when the utilizable water in soil is not over 30-50% and the Crop Is
“omsiderably affected by water deficiency during germination, tuber formation and tuber
Suiking periods and it is less sensitive to water during ripening and early vegetative periods
“Ayas and Korukcu, 2010). Water productivity and management depend on crop genetic
potential, water management practices and nutrient supply (Stewart, 2001). A balanced
Semlity programme helps produce a crop with roots that explore more soil volume for water
#ad nutrients in less time, resulting in a healthier crop. Excess water can be a cause of
mutrient losses, and insufficient water at a critical stage can limit growth and yield, and timing
of water application influences nutrient use efficiency (Roy ef al, 2006). Therefore, water
=anagement and/or rainfall are among the most important factors determining yield and
uality of potatoes (DAFF, 2013). However, limited information is available concerning
sombined effects of irrigation, N and P nutrient supply rates on potato seed tuber production
and quality in many regions.

2.5, Effects of Nutrient Supply on Potato Growth, Yield and Quality
: Average yield of potato seed tubers has not been increased by genetic potential, and
%us yield gap is caused by a number of factors, including poor soil nutrient status and
“regular rainfall patterns. Since fertilizer is an expensive and precious input, determination of
s economical and appropriate application procedures to enhance productivity and profit to
Srmers in the informal seed sector is of major importance. Misapplication of fertilizer
mutrients affects both yield and quality to a remarkable extent and hence proper management
= of immense value (Manzoor er al., 2006). Seil fertility maintenance is the most important
Somstraint to sustaining yields under short fallows or continuous cropping systems although
Sguificant problems with pest control and erosion arise (Smith e al, 1997). Mineral
w=trients are essential for healthy plant growth and optimum yield. Therefore, it is important
% maintain high soil fertility through balanced nutrient supply (ICIPE, 2006). Optimum use
of mineral fertilisers by crops is essential for sustainable agriculture and nutrient use
=ficiency comprises both uptake efficiency and utilisation efficiency (Hawkesford, 2012).
The aim of fertiliser application is to feed the soil, which in return feeds the plant.
Sowever, plant nutrition involves providing to the plant the right nutrient, in the right
#mount, in the right place and at the right time (Onwueme and Sinha, 1991). Furthermore,
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=Hciency of nutrient use might be affected by other growth factors such as water (Ojala et
&, 1990). Currently, prolonged drought is persisting and -rainfaH has becéme erratic in many
pants of the world, thereby confounding fertiliser use. Nutrient uptake by potato is nearly
complete when majority of tuber growth ends and little additional uptake occurs during
maturation stage (Westermann, 1993). Despite the several studies conducted on fertilizer use
= potato, gaps remaining include integrated N, P and irrigation water application to
maximize seed tuber quality.

2.5.1. Effects of nitrogen

Nitrogen (N) is an essential element for the growth and development of all living organisms,
s 1t is a constituent of DNA, RNA, ATP and protein and in plants, it is also an essential
component of chlorophyll, auxin, cytokinins, alkaloids and glucosinolates (Andrews and Lea,
2013). It is the most important constituent of plant proteins and is required throughout crop
growth cycle (Madan and Munjal, 2009). Nitrogen is an important component of many
structural, genetic and metabolic compounds in plants (Tisdale and Nelson, 1975; Hassan ez
- &L, 2005). However, despite the importance of N in metabolism, low soil N availability is
often the major nutrient factor limiting the growth and yield of crops. Stresses that involve
d=ficiencies of N and water will adversely affect the amount of chlorophyll plants produce as
well as cell turgidity (Schlemmer ez al., 2005). Nitrogen application in potato encourages
wigorous growth that enhances control of diseases such as early blight (4lternaria solani)
CIP, 1996). Nitrogen fertilizers are too expensive for many farmers, who then apply
ssboptimal rates (GOK, 1994). Informal sector farmers incur great costs due to lack of
synchronization of rate, timing and method of application of the various sources of N (De
Dana ef al., 1983). Nitrogen fertilizer, in conjunction with irrigation and genotype, affect
ssber characteristics such as size, specific gravity, and N concentration (Gregory and
Simmonds, 1992; Harris, 1992; Storey and Davies, 1992). Adequate N strengthens stems to
srevent lodging, increases yield, improves quality, enables tubers to adapt to environmental
siress, and promotes tolerance of insect infection and resistance of fungal diseases.

Although the potato crop requires a heavy input of N for high yields (Harris, 1992),
woal assimilate partitioned to tubers tends to decrease as N fértﬂization is increased. Under in
mtensive agricultural production systems, as much as 50% of the N applied to the field is not
=sed by the crop plant (Cameron ef al., 2013). 1t is therefore important to develop N fertilizer
=anagement strategies that optimize crop productivity and N use efficiency (NUE), but
Secrease N losses. NUE will involve either N uptake efficiency, N utilisation efficiency, and

16. .



B¢ ability of the plant to transfer N to the yield part (Andrews and Lea, 2013). To optimize
N beneficial role in potato pfoduction and minimize its negative effects on human health and
e environment it’s important to focus attention on improving fertilizer N efficiency at a
global scale. This will involve increasing in uptake per unit nutrient added (recovery
£fficiency) and crop yield per unit nutrient added (agronomic efficiency). Although timing
and method of N application may be important, applying the correct amount is perhaps the
mest important factor in seed potato tuber production systems (Westermann, 1993). Intensive
fertilizer management is necessary to ensure proper nutrient supplies to growing crops and N
management is one of the most important aspects for potato production (Reiter ef al., 2012).
Areas of opportunity for improvement in fertilizer N efficiency has been identified as
continued improvement in cropping system management, use of site-specific precision
agricultural technologies, better prediction of soil N mineralization, improved timing of N
zpplication, improved manure management and crediting, improved fertilizers and
Siotechnology (Dibb ef al., 2003).

Nitrogen is critical in potato production and is applied to achieve maximum economic
Benefits by insuring against loss of tuber yield and quality. Its efficiency may be substantially
mmproved if it is applied as close as possible to actual plant growth needs (Westermann et al.,
1988). Nitrate leaching may be reduced by improving irrigation management or reducing N
fertilization rates, although the latter may have the undesirable effect of reducing seed potato
tuber yields. It is therefore imperative that comprehensive information is availed to facilitate
development of nutrient limits that avoid both potato yield and quality losses.

Guidelines on N fertilizer requirements for potato have been developed to ensure
maximum yields without consideration of their effects on seed size quality. Nitrogen and
water supply have important interactive effects on N and WUE and loss, as well as tuber
wield and quality (Pereira and Shock, 2006). Nitrogen uptake by potato can be considerably
less than the fertilizer application rates guide, due to variation in soil moisture regimes and
g=notypes used (Feibert er al, 1998). Nitrogen rate and timing are critical elements of
management as is the method of application. Applying too little N to potato may result in
poor quality, low yields and profits. When too much N is applied, more ware potato result.
Consequently, high seed potato quantities are required per unit area, thereby increasing the
- 2ot of the seed tubers. Applying too late in the season delays maturity and reduces quality of
mbers (Westermann, 1993). These intricate consequences suggest the importance of
@es=rmining the optimal N rate to maximize productivity, minimize nitrate loss to the

saronment through leaching and cost of application, and to increase profitability to the
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Sammer through production of proper-sized seed potato tubers. More efficient use of nitrogen
Serulizer is essential for improving the economic output of the farm and reducing the risk of

. emironmental pollution (Ailincai et al., 2013).

=35.2. Effects of phosphorus

After N, P is the 2™ most deficient plant nutrient that is applied to plants as fertilizer
‘Waraich er al, 2011a). It is essential for normal plant growth and development as it
. promotes photosynthesis, respiration, energy storage, cell division and crop maturity
. ‘McKenzie and Middlet, 1997, Mathew and Hameed, 2002). Potato is highly responsive to
soil-applied nutrients, especially to phosphorus (P), due to its short cycle and high yield
potential (Fernandes and Soratto, 2012). Broadly, P is the primary storage of sunlight energy,
provider of energy in many plant processes, and drives size, number and viability of seeds
(IPNL 2008). It is required for optimum plant growth and its deficiency very often increases
days to maturity and incidences of disease, and reduces crop quality and proteins (Dowbenko,
2002). A good supply of P has been associated with increased root growth, which means that
2 plant can explore more soil for nutrients and moisture. The high ability for P binding to the
soil through mechanisms of adsorption and precipitation reduces its availability to the plants
‘DoVale and Fritsche-Neto, 2013). Factors such as rate, method, chemical form, soil moisture
and temperature can all affect phosphorus use efficiency (PUE).

Early growth of potato plants is characterized by limited root concentration and poor
capacity to exploit soil nutrient reserves and the crop has traditionally been regarded as
having a large requirement of P (Ali ef al., 2004). Potato has a relatively shallow, fibrous root
system with the majority of the roots in the surface 30 cm (Lesczynski and Tanner, 1976;
Tanner et @/, 1982). The root system develops rapidly during early growth and achieves
maximum development by mid-season. Potato then may not be able to access enough
nutrients from the soil due to the limited root system and therefore application of appropriate
rates for quantity and quality seed production is of considerable importance.

Because many soils in the highlands of East and Central Africa are depleted of soil
nutrients, particularly P (Jama er al, 1997), phosphatic fertilizer application in potato
production is a general recommendation. Potato plants establish poorly and grow very slowly
where. P fertilizer is not applied due to inadequate root growth. There is a general
recommendation of 230 kg P>Os/ha (AIC, 1981) that should be applied during ware potato
planting. The impact of this rate alone or in combination with N and irrigation water

zpplication to the different potato varieties in the informal sector on seed tuber yield and
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guality is not known. Adequate soil moisture enhances fertilizer dissolution and reaction in
the soil and N supply might affect uptake and utilization of P applied (Tisdale and Nelson,
1975). Integrated N, P nutrient and irrigation water application has not been systematically
done in the informal seed sector in many potato growing areas. However, as seed potato
needs increase there seems a permanent and expanding role for fertilizers and irrigation water
i their production and the effects of their integration should be determined.



CHAPTER THREE
MATERIALS AND METHODS
3.1. Research Sites

The potatoes were grown in a Rainshelter at the Horticultural Research and Teaching
Farm of Egerton University, Njoro between 19® August 2011 and 19® December 2011 in
season | (RTrial I) and between 5™ April and 6™ August 2012 in season II (RTrial II). Beans
were grown between December 2011 and March 2012 to separate the two potato growth
peniods. A post-treatment seed Performance Evaluation Trial was planted at the same location
Berween 17" April and 13® June 2012 (PTrial I) and between 20™ November 2012 and 16
~anuary 2013 (PTnial II) using seed potatoes stored for 90 days after harvesting, RTrials I and
L respectively. The site has well-drained sandy loam-Vintric mollic andosol soils, normally
meceives 908 to 1012 mm rainfall per annum and 15.6°C to 23°C average temperature, lies at
an altitude of 2238 m ASL, latitude 0°23’ south, longitude 35°35” east, in agro-ecological
2one Lower Highland 3 (Jaetzold and Schmidt, 1983).

Three soil samples were randomly collected from the top 0 - 15 cm and 15 - 30 cm of
®e soil profile using a soil auger and analyzed for total N and P before planting and after
Sarvesting of tubers to determine nutrient dynamics. Total N was determined using the
Ljeldahl method (Bremner and Mulvaney, 1982). Olsen and Sommers (1982) method was
used to determine P content. Soil analysis was conducted at Kenya Agﬁcultmal Research
mstitute  (KARI) Njoro Soil Analysis Laboratory. Meteorological data on rainfall,
s=mperature, and relative humidity was obtained from weather stations at Egerton University,
Njoro. In the rainshelter, maximum and minimum temperatures were recorded daily from
Sree maximum-minimum thermometers hanged at one metre from ground in two extreme
ends and the middle of the structure during the trial periods. The minimum temperature was
s=corded at 7 o’clock in the morning and the maximum at midday.

32. Seed Potato Tuber Production
3.2.1. Plant material and planting

Certified seed potato tubers of variety Tigoni was obtained twice from the
Agnicultural Development Corporation (ADC) at Molo for the two growth periods. Tigoni is
ame of the most popular potato cultivar due to its high productivity, disease resistance and
werse uses, including processing and home consumption. Pre-sprouted seed potato tubers
was planted at a spacing of 0.3 m x 0.75 m within and between rows, respectively, giving a
Swber population density of 44,444 per hectare or 28 per plot. Tubers were partially covered
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wath a thin layer of soil at planting to facilitate location of rows and initial split N application
smmediately after planting.
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322, Treatments, experimental layout and design

The treatments consisted of three irrigation water rates, four N rates, and four P rates.
| The three irrigation water rates [40% (W3), 65% (W2) and 100% (W1) field capacity (FC)] :
were applied throughout the potato growth period using drip irrigation tubes. Shock (2003)
mmdicated that potato yields are greatest when soil moisture is maintained above 65% of the
wvailable soil water capacity. Before initiating treatments, all plants were uniformly irrigated
% feld capacity for two consecutive days to stimulate germination and root development.
The amount of water used to reach field capacity was designated as 100%, and then the
amounts used for 65% and 40% were derived from this 100% amount. A WaterScout (Model
- SM 100 Sensor) connected to 2475 Plant Growth Station (Watch Dog Model, Spectrum
- Technologies, Plainfield, I 60585, USA) which is applicable between zero percent to

ssturation was used to indicate the need for irrigation. This is a Time Domain Reflectometery

| 'TDR) method of analysis of soil water content by volume and offers the option of
- mstantaneous readout or data logging. The TDR signal is determined by the dielectric
womstant of the sﬁrrounding soil, which can be related to the volumetric water content
WWC). When installed vertically, the probes give an average reading over the length of the
mrobe and therefore it is relatively easy to take readings of soil moisture in the 0-15 cm zone.
The Waterscout was inserted vertically into the soil along the drip line placed along a potato
wrop row and then the readings observed on the Plant Growth Station.

The soils in the study site are well-drained sandy loam-Vintric mollic andosol. These
Salls within the soils with medium soil water availability. Birkenshawl and Bailey (2012)
- m=ferred soils with medium soil water availability to include, Loamy Sand: Loam; Silty clay
‘wam: Clay, and have between 60 mm — 100 mm of water per 500 mm of depth. According to
King and Stark (1997), at 65% available water, sandy loam to loam has soil water potential
aad volumetric water content ranges of -35 to -50 kPa and 19-22%, respectively. The need to -
wmgate was determined by periodically monitoring soil water content using the Waterscout.
The field capacity and the 'perma.nent wilting point‘as indicated in Jensen ef al. (1990) in
“able | below in sandy loam ranges from 18-28% and 6-16% volumetric water content,
mspectively. These values though not absolute, served as a general guide for irrigation water
‘m=atment in the study.
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| ield Capacity

| Available Water

Permanent Wilting | Water Holding ‘Water Holding Capacity
Point Capacity (in/ft) (cm)
Texture Average | Range Average | Range Average | Range Average | Range average | range
Class
Sand 12 7-17 2-7 8 5-11 0.96 0.60-1.32 2.44 1.52-3.35
Loamy 14 11-19 6 3-10 8 6-12 0.96 0.72-1.44 | 244 1.83-3.66
Sand
' Sandy 23 18-28 10 6-16 14 11-15 1.56 1.32-1.80 | 3.96 3.35-4.57
Loam
Loam 26 20-30 12 7-16 15 11-18 1.80 1.32-2.16 4.57 3.35-5.49
Silt Loam | 30 22-36 15 9-21 15 11-19 1.80 1.32-2.28 [ 4.57 3.35-5.79
Silt 32 29-35 15 12-18 17 12-20 2.04 1.44-2.40 |5.18 3.66-6.1
Silty Clay | 34 30-37 19 17-24 15 12-18 1.80 1.44-2.16 | 4.57 3.66-5.49
Loam A
Silty Clay | 36 29-42 21 14-29 15 11-19 1.80 1.32-2.28 | 4.57 3.35-5.79
Clay 36 132-39 21 19-24 15 10-20 1.80 1.20-2.40 | 4.57 3.05-6.1

(Adopted from Jensen ef al., 1990). NB: Conversion: 1 inch = 2.54 em
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The Waterscout was only used to determine the need for irrigation but not the amount

W water. When the percent volumetric water content equal or below 6% was observed on the
=475 Plant Growth Station after vertically inserting the Waterscout along the potato crop row,
“en this was the time for irrigation. The observations were only done on 100% field capacity
wiuch formed the basis of other irrigation water treatments. '

- To separate the irrigation from the rainfall effect, the experimental area was enclosed
= 2 rainshelter using a clear polythene sheet, which was spread over the experimental plots to
smsure no rain water infiltrated the plot area (Plate 1). The polythene was only spread on top
& about 2 to 3 m height, supported by poles and rafters, and the sides of the area were left
spen to facilitate ventilation and air circulation. The clear polythene sheet ensured light
penetration and because it was bulky it was not withdrawn at any time during the potato
=owth period. Fertiliser requirements of seed potato are usually lower than those of ware
potato and 50% to 75% of ware potato’s demand should be applied (Lung’aho et al., 2007).
The recommended N for the ware potato production is 150 kg N/ha (Sikka, 1994; Waddell er
= 1999). In this study, N was supplied as urea (46% N) at four rates of 0 (N1), 75 (N2),
£12.5 (N3) and 150 (N4) kg N/ha). Each rate was applied in two equal splits, with the first
%alf at planting and the second at 5 weeks after planting (WAP). The N fertilizer was applied
= 2 shallow drill about 3 cm above seed tubers in the furrow at planting time.

The recommended rate of phosphorus (P) for ware potato production is 230 kg/ha
205 (AIC, 1981) translates to 101.2 kg P/ha. Four rates of phosphorus: 0 (Py), 115 (Py),
1725 (P5) and 230 (P4) kg/ha P,Os, which translated into 0, 50.6, 75.9, and 101.2 kg P/ha,
- were supplied at planting time as triple super phosphate (TSP) containing 46% P,0s. The
ISP was broadcasted in furrows and covered with a thin layer of soil to avoid direct contact
with seed potato tubers.

The RTrial was laid in a randomised complete block design with split-split plot
amangement, where irrigation water was assigned to main plots, N to subplots, and P to sub-
sebplots. The treatments were replicated three times and the RTrial repeated once. Each plot
measured 1.8 m * 2.25 m. Paths between main plots and subplots were 1 m wide, while those
Setween sub-subplots were 0.7 m wide. Each plot had 4 rows each with 7 tubers, giving a |
sotal of 28 tubers per treatment. The first and last rows including the first and last tubers per

- sow formed the guard rows. Two guard rows encircled the entire experimental area.
Data was taken on the 10 middle plants. The total experimental area measured 92.7 m
‘ong by 14 m wide. Each block/replicate measured 29.9 m long by 14 m wide. The clear

polythene rain shelter covered across all the blocks so that they were within one unit. A 60
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“m deep furrow was made at the edges of the upper and the lower side of the rain shelter and
& clear polythene paper buried upright pfotruding about 60 cm from the ground to prevent
oy possible entry of rain or runoff water that could have affected the applied water
w=atments (Plate 1). The experimental layout was as shown in Figure 1. All the W*N*P
Seaments in 100%, 65% and 40% irrigation water rates were planted together within their
s=spective main plot as shown in Figure 1. The irrigation water was siupplied from one-500-L
“apacity plastic tank (Model Kentank), which was connected to the drip lines through a 2.5
«m mainline (Plate 1). The irrigation water rates were supplied to the drip lines that were
mstalled across main plots which contained the W*N*P treatments. The drip holes were
perforated at a spacing of 15 cm, which facilitated uniform water supply within the potato
sow. The drip lines supplied equal water quantities along the row of the W*N*P treatments.

In both RTrials I and II irrigation water rates 100%, 65% and 40% field capacity were
supplied in equal amounts distributed within the growth season for a total of 26 applications
=mes (Appendix 1). Therefore, out of the 122 days the potato was grown the crop received
water for 26 times. However, ﬁn’tially one metre cubic (1000 L) of water was supplied
s=gardless of water treatment at 3 and 4 DAP to facilitate uniform starting point for all
- ¥=atments. The remaining amount of irrigation water was supplied in equal quantities from
e 4® day after the last application up to 91 DAP, which was towards the end of bulking
period. Thereafter irrigation water was supplied every 5™ day up to 106 DAP to allow the
crop utilize soil water reserves in the root zone. At 106 DAP the potato was assumed to have
sompieted bulking and harvesting could have been done any time.

A total of 18,080 L (18.08 m’), 12,452 L (12.452 m’) and 8,432 L (8.432 m®) were
- supplied throughout the growth period in both RTrials I and II for 100%, 65% and 40% field
“apacity in each replicate, respectively (appendix 1). After supplying the initial 2000 L (2 m’)
% 3 and 4 DAP, the balance 16,080 L (16.08 m®), 10,452 L (10.452 m®) and 6,432 L (6.432
=) for 100%, 65% and 40% field capacity in each replicate, respectively, were supplied in
~ =gual quantities. The initial application of 1000 L (1 m®) proved to be excess, which could
S=ve led to higher chances of wastage. This was reduced by '/3 to provide 670 L (0.67 m®) as
200% field capacity. This was used to determine 65% and 40% rates, which translated to
4355 L (~0.44 m®) and 268 L (~0.27 m’) for 65% and 40% irrigation water, respectively..
These were pre-determined in the 500 L capacity plastic tank before application.
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Potato planted in Rainshelter Irrigation water rates

Polythene guard Drip tube lines

Plate 1: Rainshelter, irrigation rates, polythene water guard and driptube lines in the experiment
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igure 1: Field layout: Split-split plots in randomized complete block design where: W1, W2, W3 are ::mm&o: rates (main plots), NI, N2, N3,
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The initial 2 m’ supplied immediately after planting was meant to induce sprouting.
The 670, 435.5, and 268 L were supplied-to the 16 W x N x P sub-subplots within an
wmgation water treatment and therefore each of the plot W x N x P received about 41.88,
2722 and 16.75 L for 100%, 65% and 40% irrigation water, respectively. After the initial
soplication of the irrigation water rates at 11 DAP, volumetric water content (VWC) was
@=termined after: two hours (VWC1), one (VWC2), two (VWC3) and three days (VWC4)
after irrigation to determine whether the applied irrigation water was adequately supplying
moisture as required by potato and for what duration of time to determine the irrigation
Seguency. This was done after three consecutive irrigations and the resulting average VWC
was 19.6%, 13.1%, 9.1% and 6.2% in 100% irrigation water rate, 11.9%, 8.3%, 6.7% and
< 8% in 65% 1irrigation water rate, and 7.4%, 5.9%, 4.5% and 2.9% in 40% irrigation water
mte for VWC1, VWC2, VWC3, and VWC4 after irrigation water application monitoring,
sespectively. Data on volumetric water content in four sampled days is shown in Appendix 2.
Right after the irrigation events, there was a noticeable increase in soil moisture content and
water had infiltrated up to 30-60 cm soil profile in 100% irmgation water rate. The degree to
which the volumetric soil water content increased, however, depended upon volume of

amigation water supplied.

3.2.3. Crop maintenance in the field ;

Routine field maintenance practices such as weeding and spraying against diseases
and insect pests using appropriate fungicides and insecticides was done when necessary.
Weeding or physical uprooting of weeds was done any time weeds were visible.
Recommended fungicides for control of early and late blight such as Ridomil® were used.
Insect pests mainly aphids, thrips, and white flies were controlled using Metasystox® and
~ mites using miticides. Earthing up was done during weeding. The haulm was not cut off
before harvesting for purposes of shoot growth determination at harvest.

3.3. Data Collected
3.3.1. Potato growth and development measurements

Plant data was taken on agronomic characteristics (sprout emergence/germination
percentage and time, number of stems, plant height, days to 50% flowering, physiological
characteristics (stomatal conductance and chlorophyll concentration, leaf area.), and days to
physiological maturity. A



3.3.1.1. Sprout emergence percentage

The number of sprouted plants per plot was counted at 14 days after emergence (about
28 DAP) and the sprout emergence percentage calculated by dividing the number of
emerging sprouts per plot by the number of tubers planted and multiplying by 100.

Emergence time was determined by counting days from planting to tip emergence.

3.3.1.2. Number of stems
Number of stems was determined on three randomly selected plants of each treatment
at 45 DAP by counting the number of main stems within an individual plant. Only stems

arising from the mother tuber were considered as main stems.

3.3.1.3. Plant height
Stem elongation was determined beginning 45, 59, 73, 94, and 108 DAP in both
RTnals I and II. Three mature plants were randomly selected from each treatment for height

measurement using a metre rule. Height was measured from the ground level to the tip of

each plant.

3.3.1.4. Leaf stomatal conductance

The stomatal conductance was measured on fresh tissues of one randomly selected
leaf of medium growth on three middle randomly pegged plants per treatment at 59, 73 and
87 days after planting (DAP) in both RTrials I and 1I using a leaf porometer (SC-1; Decagon
Dcvi_ces, Pullman, WA). Stomatal regulation of gas exchange by leaves is of great importance
to photosynthesis and stomatal movements can be affected by various environmental factors,
including plant water status, CO, concentration and light (Raschke, 1975; Kim ez al., 2004).

3.3.1.5. Leaf chlorophyll content index

Leaf chlorophyll content was measured at 59, 73 and 87 DAP using chlorophyll
content meter (CCM-200 plus; Opti-Sciences, Tyngsboro, MA) on fresh tissues of lower,
middle and uppermost fully expanded leaves on the three randomly pegged plants per plot.
The measurements were taken halfway from the leaf base to the tip and halfway from the
midrib to the leaf margin. Chlorophyll content meter assists in rapid, non-destructive,
determination of chlorophyll content in intact leaf samples. A non-destructive estimation of

leaf Chiorophyll and Chlorophyll Concentration Index (CCI) value that is proportional to the
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“=mount of chlorophyil in the sample is the units of measurements. Leaf chlorophyll content

srovides valuable information about physiological status of plants (Gitelson ez al., 2003).

33.1.6. Leaf area index (LAI)

Three plants per treatment were pegged and the leaf area measured using the
saphical method in both RTrials I and II. The total leaf area per plant was estimated using a
sraph paper whereby leaves within a plant were randomly selected and divided into four
sowth categories namely smallest, small, medium and large. The leaves within these
categories were removed from a pbtato plant and placed on a graph paper and their
spproximate area determined by counting the number of 1 cm” grids on the graph paper
sccupied by the individual leaf The individual leaf area for the smallest, small, medium and
large was 7 cm’, 18 cm’, 34 cm’, and 42.5 cm’, respectively. When the individual leaf area of
these four categories of leaves within the potato was determined, leaves within the plant
smilar to the smallest, small, medium and large were counted separately. The total leaf area
per category was obtained by multiplying the number of leaves counted per category by the
sespective individual leaf area i.e. multiplying the leaf area per active haulm by the number of
sctive haulms per plant. The total leaf area of the plant was obtained by adding the total leaf
sr=a of smallest, small, medium and large leaf categories. The total leaf area was determined
2 51 and 64 DAP a period characterised by tuber set and initiation of tuber bulking within
e potato plant. The resulting total leaf area was used to calculate LAI using the formula:
LA] = Total leaf area (cm”)/ground area (cm®) (Beedle, 1987).

3.3.1.7. Days to 50% flowering

Days to 50% of the plant population flowering was recorded at flowering stage. 50%
Sowering was determined by counting the number of plants with flowers including one
Sower within a treatment plot. A treatment plot was considered to have attained 50%
Sowering when at least half of the plants within the plot had flowered.

- 33.1.8. Days to physiological maturity ;

Days to physiological maturity were recorded when the leaves of 70% of the plants in
e plots turned yellow.
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1.9. Potato total biomass (biological yield)

Total biomass per plant was calculated by adding both the tuber and shoot dry mass.
Dry matter of shoots and tubers per plant was determined at harvesting stage using three
m=adomly selected plants from the middle rows in each treatment plot. The shoots were cut,
placed in “Mafuco® khaki” papers, and weighed using a pan electronic balance when wet
~#nd later taken to the laboratory and dried at 80°C for 72 h in an oven (Model number
TWS0UL 508032, Memmert, Germany). Similarly tubers from each of the three plants were
weighed when wet and then separately sliced into smaller pieces, and placed in “Mafuco®
&2aki” papers and dried in the oven at 105°C for 72 h. After weighing, the shoot and tubers
&y mass per plant were summed together and the total biomass per plant calculated.

33.2. Seed potato tuber yield and yield components

Depending on variety, potato takes between 90 and 140 days from planting to tuber
maturity and harvesting was done at the intermediate timing of 122 DAP. Tubers were hoe-
Sarvested from 10 middle plants per treatment to facilitate determination of various tuber
‘haracteristics including the yield, grades, tuber numbers, harvest index, and quality
“laracteristics (tuber specific density, dry matter and starch content).

1. Number of tubers per plant
The harvested 10 plants per treatment were placed separately on the ground to
determination of number of tubers per individual plant within the treatment.
tubers produced per plant were counted and recorded to determine treatment effects.

23.2.2. Tuber yield :

After counting of the tuber numbers per plant, all the tubers from the 10 middle plants
Jer freatment were combined together and placed in one “PIL®” polythene paper bag and
weighed with a spring balance to determine the yield per treatment plot. This was later
ssmverted to yield in t/ha.

23.23. Tuber grading

Afier yield determination the tubers per treatment were graded into small sized (25-35
mm), seed size [ (35-45 mm) and seed size 11 (45-60 mm) (Kabira ef al., 2006) using grading
scales (graders) obtained from KARI, Tigoni Marinﬁas Sub Centre. Each grade was weighed
separately using a spring balance to determine its weight per treatment plot which was later



converted to yield per grade in t/ha. Tubers less than 35 mm in diameter were regarded as
chats and those greater than 60 mm as ware potato, and terminated. Grading was done to
facilitate determination of the economic benefit of different treatments and only seed size I
and I1 were considered.

Plate 2: Seed potato size distribution

3.3.2.4. Harvest index (HI)

Harvest index, which is the weight of a harvested produce divide by the total plant
weight (Mackerron and Heilbronn, 1985; Tadesse ef al., 2001), was calculated. Total fresh
tuber yield per plot was obtained by dividing the yield obtained per 10 plants harvested by 10
and multiplying by the total number of plants per plot (28 plants). The total fresh
aboveground biomass per plot was obtained by adding the fresh weight of the shoots of the
three harvested plants for biomass analysis and dividing this weight by three and multiplying
by the total number of plants per plot (28 plants). The fresh aboveground biomass per plot
was recorded in grams and was converted into kilograms by dividing with 1000 before
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‘salculating the harvest index. Total fresh tuber yield and aboveground biomass were added to
wbtain the total plant weight per plot. Harvest index was calculated by dividing total fresh
wber yield by total plant weight and multiplying by 100 to express HI as percentage (%).

33.2.5. Specific density, Starch, and dry matter (DM) contents

Starch content and DM of a 5 kg sample of tubers per treatment were determined at
 Barvest on the principle of a linear relationship between specific gravity with starch and/or
- DM Specific gravity is a measurement of density and in tubers it is the weight of the tuber
- sompared to the weight of the same volume of water. It was computed by weighing five (5)
%z tuber sample in a sturdy wire basket both in air (Wa) and in water (Ww) using a spring
Salance. The weight measured is the difference between the weight of the sample, and the
weight of an equal volume of water. The two weights were then applied to the equation and
e specific gravity of different treatments calculated as: Specific gravity = Wa/(Wa-Ww). A
Sigh correlation occurs between the specific gravity of the tuber and the starch content and
also the percentage of dry matter or total solids. This contributes to higher recovery rate and
Better quality of the processed product (DPI, 2010). Starch content = 112.1x - 106.4, while
~ percentage DM = 158.3x - 142; where x = specific gravity (Kawano et a/., 1987). Starch
content indicates accumulated food reserves that are later used by tubers in initial growth
2fier planting. The sample of potato selected per treatment was free of any dirt. Specific
density is dimensionless while starch content and DM are expressed as percentage.

33.2.6. Tissue N and P contents
Total tuber tissue N content was determined by micro-Kjeldahl method (Bremner and
Mulvaney, 1982) while Olsen and Sommers (1982) method was used to determine P content
wsing a sample of ground tuber tissue. The tubers per plant were sliced into smaller pieces,
placed in the “Mafuco® khaki” papers and dried in the oven (Model number TV80UL
508032, Memmert, Germany) at 105°C for 72 hours. After oven drying the dry sliced tubers
were ground into powder using a Ramtons® blender model No. RM/161, serial No.
- 12899/12338, China. The powder was then sieved using a laboratory test sieve, BS410, 1986,
serial No. 537947, aperture 600um, Endecotts Ltd, London, England and packed in
- Mafuco® khaki” paper bags No. % ready for laboratory analysis. .



.7. Water and nutrient use efficiencies

Water-use efficiency (WUE) is é quantitative méasurement of how much biomass or
is produced over a growing season, normalised with the amount of water used up in the
. WUE i1s an important determinant of yield under stress and even as a component of
=mop drought resistance and has been used to imply that rainfed plant production can be
“mcreased per unit water used, resulting in “more crop per drop” (Blum, 2009). Nitrogen
uptake efficiency (NUE) is a measure of the capacity of the plant to recover applied N
"Emebhi, er al, 1999). This applies also to water and phosphorus. Water use efficiency
"WUE) and nitrogen use efficiency (NUE) and phosphorus use efficiency (PUE) were
szlculated as proposed by Tayel er al. (2006) and Roy et al. (2006).

2.3.2.7.1. Water use efficiency
Water use efficiency = Yield (kg)/water consumptive used (m’). Water Consumptive

was calculated by adding the amount of water applied per treatment plot in the whole growth
peniod. Total water consumptive was 18.08, 12.45, and 843 m’ for W1, W2 and W3
wmigation water treatments respectively, which after dividing with the 16 WxNxP translated
® 113, 0.78 and 0.53 per treatment plot in 100, 65 and 40% irrigation water rates,
s=spectively. This was equal in both RTrals I and 1L Yield per plot was divided by the
“onsumptive water used in the same plot to obtain the WUE (kg/m’).

23.2.7. 2. Nitrogen and phosphorus use efficiency
Nitrogen or phosphorus use efficiency = (Tubers in kg of fertilised plot — of control

glots)/nitrogen or phosphorus fertiliser used in kg The amount of nitrogen applied per
weatment plot was 0, 75.7, 113.5 and 151.4 grams for N1, N2, N3 and N4, respectively.
Fhosphorus applied was 0, 20.5, 30.74, and 40.91 grams per treatment plot P1, P2, P3 and P4,
s=spectively. Before analysis these figures were transformed into kilos. NUE or PUE was
=xpressed in kgrkg

3.3.2.8. Economic analysis

Economic analysis {net economic benefit (NEB)} of seed production was performed
#=er harvest. It was calculated by deducting the gross production cost from the gross field
Benefit (CIMMYT, 1988) per treatment. The gross tuber output (benefit) was determined by
muinplying the weight of tubers by the prevailing seed market price with ADC. The
smmimum seed price of 50 kg bag at ADC is KSh. 1,400 and 1,800 of seed size II and I



“m=spectively. This translated to KSh. 28 and 36 per kg of seed size II and I respectively. These
AgEices wefe adopted for economic analysis. The gross benefit is the gross income derived
Som sale of the seed tubers. The gross production cost of fertilizer and irrigation per unit area
was recorded and subtracted from the gross benefit to obtain the net benefit. The cost of
smgation was calculated using the water rates of Nakuru Rural Water and Sanitation
Company, of KSh. 500 per 6 m’ consumption. The cost of a bag of TSP was KSh. 4,000 and
at of urea KSh. 3,600. The net benefit/plot was translated to net benefit per hectare. Labour
@osts in man days (MD) was uniform between the treatments per hectare and included
planting (25), weeding (25), spraying (2), earthing up (25), harvesting (75), and grading (40)
- 2 total of 192 MD each costing KSh. 205. Water, fertiliser and labour were considered as the
major seed potato investment costs.

- 333, Postharvest physiological characteristics of seed potato tubers and their resultant

ot

After harvest endodormancy was determined by transferring 15 seed tubers per
- weamment to diffuse-light sprouting conditions. Wiersema (1987) stated that storage
conditions that favour apical dominance limit the number of sprouts, and pre-sprouting in
&ffuse light allows sprouts to become well developed and firm. The tubers were kept in
&iffuse light conditions in paper punch perforated and stapled at the top “Mafuco® khaki”
paper bags of size No. 16 for 90 days after harvesting. Perforation was done to allow free air
movement. After withdrawal from storage, relative weight loss, firmness, total soluble solids,
sprout numbers and length (sprouting characteristics) were determined. Three potato tubers
were later selected per treatment and planted to study the growth vigour (number of stems,
plant height) and tuberization capacity under the prevailing farmer conditions. A similar
‘ayout as for the rain shelter Trial (RTrial) as shown in figure 1 was adopted and each
weatment plot was represented by a treatment tuber.

33.3.1. Seed potato tuber relative weight loss

The fifteen (15) seed tubers of seed size I were weighed at the beginning and at the
end of the 90 days storage period to determine the absolute tuber weight loss. Relative weight
“ss (%) of seed potato after storage was determined by dividing the difference between the
munal and final tuber weight after storage by initial weight before storage and multiplying by

120 n both seasons.



.2. Seed tuber firmness

Seed potato firmness or softness was determined before and after 90 days storage
a manually operated fruit pressure tester (penetrometer, Bishop FT 327, Italy) of a
obe diameter of 0.5 cm (size 10). This was assessed on three randomly selected tubers per
ent by slowly pushing the penetrometer down into the centre of the tuber and the
‘senctrometer reading observed. The penetrometer measured the firmness as the resistance to
“ssmpression or kilogram-force (kgf). Three puncture tests per treatment were taken (Kitinoja
‘amd Kader, 2003). The penetrometer scale reading ranged from 0-13 kgf. Percentage change
= firmness was determined by dividing the difference between the firmness before and after
0 days storage by the firmness before storage and multiplying by 100.

' 33.3.3. Seed tuber total soluble solids concentration (TSS)

Seed potato total soluble concentration was determined before and after 90 days
sorage using a refractometer. The TSS was determined as per procedure in (Harrill, 1998;
Siunoja and Kader, 2003). Seed tuber was pierced and a drop of the juice squeezed and
paced on the refractometer and the light refracted through a prism and measured the total
Sssolved solids (which is mainly sugar, but also does include minerals) in the plant sap. The
s=actometer measurement was from zero to 30% Brix (Model 1974). Seed potato tubers
Save refractive index of crop juices calibrated in % sucrose or degree Brix of between three-
=ght units (Harrill, 1998). The refractometer was cleaned and standardized between each
‘s=ading with distilled water to read 0% soluble solids content.

3.3.3.4. Seed potato tuber sprouting characteristics

After 90 days storage, the number of sprouts and length of longest sprout in three
‘mndomly selected tubers per treatment was determined by counting the sprouts and
measuring with a 30-cm ruler, respectively. The criterion for broken dormancy or sprout
@=velopment was a stem structure of at least 2 mm (Van Ittersum, 1992). Sprouting capacity
- was expressed as the number of developed sprouts as a percentage of total sprouts per tuber.

_ To be able to determine the percent sprouting per treatment six samples of seed potato
@2z | each containing three tubers part of those obtained from ADC Molo were randomly
‘s=lected every season before planting the seed and the number of eyes counted. During the
st season the samples included samples A (10, 8,9), B (5,7,6). C (8, 6,6),D(5,7,9),E (6,
3 6), F {6, 6, 6) whereas season two samples had Al (7, 5, 6), Bl (6, 9, 9), C1 (7, 7, 8);D1
7. 8), E1 (6, 8, 8), F2 (7, 7, 9) in set being the number of eyes. The data was summed up
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used to obtain the average number of eyes. A total of 252 eyes were recorded in the 36
samples.

The average number of eyes in the potato used in the Trial was obtained by dividing
total eyes recorded in both seasons by the number of tubers. This resulted to an average of
(7) eyes per tuber and was used to determine the percent sprout per treatment. The
sprout was calculated by dividing the sprouts recorded by seven (7) and multiplying
100. The vigour was also classified in two categories, according to their length, <1 cm
) and >1 cm (strong) (Van Ittersum, 1992).

. Seed potato tuber field performance evalunation
Three of the sprouted tubers per treatment were planted under prevailing (outdoor)
r conditions to determine the treatments with the highest vigour and tuberization. The

ing plants were allowed to grow for a period of 8 weeks in both PTrials I and IL

3.5.1. Number of stems and plant height
Data on growth vigour of the emerging plants was determined by counting the

mumber of main stems and measuring the height from the tip to the base of the plant. These
sarameters helped to characterize the sprouting capacity of the seed tubers and the vigour of
sesulting plants following initial treatment.

The number of stems was recorded 22 DAP and used to calculate stem density as the
sumber of main stems or aboveground stems per plant. A main potato stem was considered as
% one that originates from the tuber. The number of main stems/m” was calculated using the
Sormula: Stem density = total stem number/[total row length * row spacing] (Wiersema,
1987). Total stems/m” were determined by multiplying the number of stems by the number of
plants per equivalent area which is equal to eight. The total row length and width in a m’ is
29 by 0.75m respectively. Stem density assists determine expected yield of seed tubers
wbtained from various treatments. Plant height was determined at 22, 36, 50 to 57 DAP.

2.3.3.5. 2. Tuberization
The three plants per treatment were uprooted after 8 weeks of growth of potato in the

Seld (58 DAP). The harvested plants per treatment were placed separately on the ground to
Sacilitate determination of tuber numbers per individual plant within the treatment. All the

wisible tubers per plant were counted and recorded to determine the post treatment effects.
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4. Data Analysis
Data collected was subjected to analysis of variance using the SAS system for
ws V8 1999-2001 by SAS Institute Inc., Cary, NC, USA and significantly different
means separated using Tukey’s Studentized Range Test at P < 0.05. The data on stem
and that of relationships such as nitrogen and phosphorus use efficiencies was
formed using the square-root transformation before analysis using the formula:
sformed data=square root (collected data+1) to enable normal distribution and the
geneity of variances). The data for the two seasons were analysed separately. The
del fitted was:
=u+ R+ Wit RW); + Ng + WNi + (RWN)je + P + WPy + NPy + WNPw +
P+ &4 (adopted from Gomez and Gomez, 1984; Montgomery, 2012)

=123 ~1,2,3.k=1,2,3,4.1=1,2, 3, 4

= overall mean

.= " block effect

W =" water effect

% = main plot error (a)

= " nitrogen effect

"N = interaction effect of the ;" water level and the " nitrogen level
WN); = subplot error (b)

= /® phosphorus effect

¥P,; = interaction effect of the ;™ water level and the ; phosphorus level
NP, = interaction effect of the ;™ nitrogen level and the ; phosphorus level
= interaction effect of * water, the ;™ nitrogen level and ;* phosphorus level
LWNP); = sub-subplot error (c)

% = random error component
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CHAPTER FOUR
RESULTS

Analysis and Climatic Data

After analysis the soil at the site was found to have a pH of 5.46, total N of 0.12%,
e P of 0.19%, exchangeable K of 0.10% and organic carbon of 3.51% in the upper 1-
and a pH of 5.6, total N of 0.02%, available P of 0.11%, exchangeable K of 0.08%
wrzanic carbon of 3.02% in the lower 15-30 cm. A total of 601.6 mm and 942.3 mm of

I was received in the site during the first (Aug-Dec 2011) and the second (Apr-Aug 2012)
gshelter trials (RTrial), respectively. A total of 635 and 221.7 mm was received during
sals I (Apr-June 2012) and TI (Nov 2012-Jan 2013), respectively. Mean temperatures were
and 18.9°C during the Rainshelter Trials and 19.5°C and 19.9°C during the post-
sent performance evaluation in PTrials [ and II (Table 2). In the Rainshelter the mean
seratures were 20.7°C and 20.5°C in RTrials [ and II, respectively (Table 3).

Effect of Irrigation Water, N and P Integration on Potato Growth and Development
Sprout emergence (germination) percentage

The number of emerging sprouts in potato differed significantly with irrigation water,
and P rates. There were no interacﬁve effects of either irrigation water, N and/or P
vined (Appendix 3). Higher sprout emergence rates were. observed with high application
=s of irrigation water. The highest sprout emergence percent was observed with 100%
gation water followed by 65%, while 40% had the lowest sprout emergence. High
ed with low irrigation water rate increased the percent sprout emergence by 1.4% and
in RTrials I and II, respectively (Figure 2). Furthermore, sprout emergence percent
sficantly increased with high N and P application rates. High compared with low P
slication increased the sprout emergence percentage by 10.2% and 14.4% while it
sreased by 4.2% and 5.9% with high N application in RTrials I and II, respectively. Overall
psher sprout emergence percent was observed in RTrial II than I (Table 4). The results
wed that the emergence percent is a function of individual effect of irrigation water, N and

¥ zpplication rates. However, there were no interactive effects on potato emergence between

% and P application in both RTrials (P < 0.05).



2: Weather data from January 2011 to March 2013 at Egerton University
logical Station (9035092)

Year
2011 2012 2013
R(mm) T RH(%) R(mm) T(°C) RH(%) R(mm) T("C) RH(%)
3.3 5 - - I 0 211 40 427 20.6 53
9.6 223 42 16.3 213 45 s 58 219 42
1823 214 53 316 22.5 42 854 213 32
20.9 . 51t A 287.0  20.0 70
116 205 66 181.8 19.7 71
216.5 193 74 166.2 18.7 74
130.1 191 74 372 17.6 78
130 182 74 220.3 18.7 69
1493 186 70 192.4 194 65
89.2 19.8 65 94.3 20.0 62
146.7 190 75 26.6 19.7 66
264 193 61 1521 193 65

1280.3 ' 1455.8

£ = Rainfall, T= Temperature, RH = Relative humidity

e 3: Mean monthly temperature data in the Rainshelter for 2011 (Aug-Dec) and 2012

2011 T 2012

Maximum Minimum Mean(°C) Maximum Minimum Mean
. 3 u 23.1 162 19.7
" : ; 23.6 16.9 20.3
g . . 242 17.4 20.8
. g, . 23.7 18 209
22.6 16.2 21.4 23.6 17.9 20.8
23.1 16.9 21.1 " < ‘
24.9 16.5 20.7 ; . .
24.1 16.3 20.2 ’ . .
23.9 16.1 20.0 : . -
23.7 16.4 20.7 23.6 17.3 20.5
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{Appendix 4). Higher irrigation water rates improved the number of stems compared to where
low irrigation water was supplied. High compared to low irrigation water rate increased the
stem numbers by 0.2 both in RTrials I and II, respectively (Figure 3). High rates of either N
or P also increased the number of stems per plant. High N rate above 75 kg N/ha and 112.5
kg N/ha did not significantly affect the number of stems per plant. High compared to low P
application increased the number of stems by 0.8 and 1.0 while high N application increased
the same by 0.4 and 0.5 in RTrials I and II, respectively. Significant differences were
observed between the P rates in RTrial I, but there was no significant difference between 75.9
kg P/ha and 101.2 kg P/ha in RTrial II (Table 5). Generally, higher increases in stem numbers
were observed by P followed by N and the least increase was observed with irrigation water
application rate.

s RTrial 1
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Number of stenv/plant
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100 65 40
Irrigation water rate (% Field Capacity)

Figure 3: Effect of irrigation water rate on stem numbers per plant

4.2.3. Plant height

Plant height differed significantly among the irrigation water, N and P application
rates at 45, 59 and 73 DAP (Appendices 5, 6 and 7). Integration of irrigation water, N and P
rates in different combinations also significantly affected plant height late in the growth
season, at 94 and 108 DAP (Appendices 8 and 9).

Taller stems were observed in potatoes that received high irrigation water, N and P
application rates both in RTrials I and II. Plant height progressively increased from 45 to 73
DAP. This increase was significantly dependent on irrigation water, N and P application
rates. High irrigation water rate at 100% resulted in taller plants which attained a height of
98.3 and 103.3 cm compared to 76.2 and 80.4cm recorded with 40% irrigation water rate, 73
DAP while 65% had intermediate height in both RTrials I and I1, respectively.
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#RTrial1 =RTrial II

Sprout emergence (%)

65
Irrigation water rate (% Field Capacity)

Figure 2: Effect of irrigation water rates on potato sprout emergence

Table 4: Effect of N and P rates on potato sprout emergence percentage

P rate (kg P/ha) in RTrial 1 P rate (kg P/ha) in RTrial 11
0 506 759 101.2 Mean |0 506 759 1012 Mean
0 539 559 603 643 586c* |635 615 718 762 697c*

° g 75 552 587 619 671 607b |651 698 754 778  72.0b
: £ 1125 575 607 623 663 617|659 714 762 809 736ba
= 380 583 615 63.1 683 628a |671 730 786 841 757a
Mean 563d* 592c 619b 66.5a 65.4d* 704c 755b 798a
MSD 1.6 (N,P) 23(N, P)

cV 4l 5.0
(%)

*Means followed by the same letter (s) along the row for P and the column for N are not significantly different
at P <0.05 according to Tukey’s Studentized Range Test. Interactions were not significant. MSD = Minimum
Significant Difference. Mean separation was done within each season. '

4.2.2. Number of stems

Irrigation water, N and P rates significantly affected the number of stems per plant.
Integration of irrigation water with either N or P, and that of N and P, or the combined
application of the three factors did not significantly affect the number of stems per plant.
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= 5: Effect of N and P rates on potato stem number

P rate (kg P/ha) in RTrial I P rate (kg P/ha) in RTrial II
0 506 759 1012 Mean |0 50.6 759 101.2 Mean
0 1.7 19 22 -2A 21 124 23 35 3b 3.0b*
g 75 18 23 .24 27 2k 06 31 35 58 -37b
E" 1125 20 22 385 27 M {12930 & Sl 3088
150 20 24 26 27 242 138 33 37T 38 3oa
Mean 19d 22¢c 24b 27a 27¢ 31b 3353 33
MSD 0.2(N,P) 03(N,P)
CV(%) 94 94

1s followed by the same letter (s) along the column for N rate and the row for P rate are not significantly
Werent at P<0.05 according to Tukey’s Studentized Range Test. Interactions were not significant. MSD =

smum Significant Difference. Mean separation was done within each season.

Similarly a strong relationship was observed to exist between plant height and both N
i P application. High N and P application rates resulted in significantly high plant height
en 45 and 73 DAP and vice versa regardless of irrigation water rate (Table 6).

From 94 to 108 DAP integration of irrigation water, N and P significantly increased
plant height. At 94 DAP plant height increased to 132 and 141 c¢m with combined
splication of high irrigation water, N and P rates compared to 72.6 and 76.8 cm observed
integrated application of low irrigation water, N and P application rate in both RTrials I
i 11, respectively. At 108 DAP average plant height was 143.9 and 151.9 cm with 100%
“migation water, high N and P application rates compared to 70.4 and 71.9 cm recorded with
“meegration of 40% irrigation water rate together with low N and P rates in both RTrials I and
1 respectively. Therefore, higher height was observed with high irrigation water when any
mte of either N or P was supplied. Application of N and P irrespective of the irrigation water
m=te increased the plant height from 0 kg N/ha by 0 kg P/ha to 150 kg N/ha by 101.2 kg P/ha
Both at 94 and 108 DAP (Table 7).

Overall plant height increased from 45 to 94 DAP and a decline was observed in
w=atments that received low irrigation water, N and P rates at 108 DAP. H(;wever, significant
& fferences in the plant height were observed among the treatments throughout the growth
period in both RTrials [ and i (P £0.05). -
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6: Effect of mgation water, N and P rates on potato height from 45 to 73 DAP

Plant height (DAP)in RTrial1  Plant height (DAP) in RTrial II

on water rate (% FC) 45 59 73 45 59 73

43 4a* 7i6a 9833  457a* 753a 103.3a
39.5b 6476 878  416b  680b  91.9b
34.3¢ s6.6c  762¢  36.6¢ 59.4c¢ 80.4¢c
1.9 T AR T 2.0 2.0 53

(kg N/ha)

- 33.9d 569d  797c . 362c 5984  83.9¢
38.1¢ 635¢ 873b  404b  667c  9L.7b
40.7b 67b 912a 428  705b  95.2a
43 .6a 69.7a 91.6a 459a 733a 96.7a
2.5 2.5 27 2.5 26 28

(kg P/ha)
33.2d 576d  794d 352d 606d  83.4d
37.6¢ 62.2¢ 84 6¢ 398  654c 88.9¢
41.4b 66.1b  906b  434b  693b  95b
44a 713a 952a 4682  749a 100.2a
2.5 2.5 39 2.4 26 2.8
18.3 10.9 8.6 17.5 10.9 8.6

s followed by the same letter (s) along the column for irrigation water, N and P application rates are not
mtly different at P <0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

==nce. Mean separation was done within each season.

Leaf stomatal conductance (mmolm ?s™%)

Leaf stomatal conductance was significantly affected by all the treatments at the
stages of potato growth. Integration of irrigation water, N and P application rates did
affect leaf stomatal conductance. However, effects of integration of N and P on leaf
atal conductance were observed at all growth stages (Appendices 10, 11 and 12). Leaf
atal conductance increased with irrigation water, N and P application rates. While high
sation water rate increased the leaf stomatal conductance, low irrigation water rate
sced the leaf stomatal conductance (Tabie 8).



7: Effect of irrigation water, N and P rates on potato plant height at 94 and 108 DAP

I Height at 94 DAP Height at 108 DAP
P rate (kg P/ha) P rate (kg P/ha)
N rate (kg N/ha) O 506 759 1012 0 506 759 1012
100 0 95.1b* 984c  1067c 1088c 9592 983d 1016d 1122c
75 999a  1062b 113.3b 1183b 97.1a  1082¢ 1lllc 12L.7b
112.5 989a  1074b 1244a 1322a 983a 113.0b 14482 1456a
150 972a  112.1a 12492 132a 989a 1206a 137.6b 1489a
B > 838c  882c 9326  967d 82.1c 883b 978  101.7d
75 olb  934b 958b  1064c 842c 917b  102b  106¢
112.5 912ab 959b 110.6a 110b 911b 991a  1083a 1104b
150 941a 1008a 1093a 11392 954a 1012a 11lla 1162a
e o 726c  753b 833c 8784 704c T3dc  80.6b  83.2c
75 777 819a 872b 917c 75.1b  803b 813b  848c
112.5 813a 847a 906a 957b 768b 829ab 898a  94.8b
150 80.6a 832a 906a  1028a 817a 847a 884a  1033a
MSD 32(N) 32(0) 25(W) 39(®) 39N) 2.6(W)
CV (%) 92 114
i}
100 0 9786  1033c 1113d 11494 978  1007d 1033d 1l48c
75 9976  1121b 1189¢ 1243c 995  1105¢ 1133c  124.1b
112.5 10432 1163a 1282b 1362b 1006 1154b 1467a 1495a
150 1059a 1136 13352 141a 1009 1233a 1403b 15192
65 0 884c 925¢ 979c  1016c 827¢ 901c 997  1043c
75 949b 989b 100.6c 112.3b 862c  946b  101.7c  110.2b
2 112.5 952b  1047a 1109 11386 926b 976b 10776  110.5b
! 150 101.9a 1054a 1154a 1242 978a 1044a 1138a 1233a
_§ 40 0 76.8¢c 784c  87.5¢ 919¢ 719c 74 .9¢ 83b 84 .9¢
% 75 816b 862b 921b 944bc 757b 813b 83b  85.4c
F 112.5 854a 889 93.7b 972b 818a 844a  866b  92.5b
150 85.8a 93 8a 97.6a 107.5a 81.7a 86.4a 91.2a 106.5a
MSD 33(N) 33() 3.1(W) 38(N) 38(P) 3.0(W)
CV(%) 9.1 w7y

- "Means followed by the same letter (s) along the column are not significantly different at P <0.05 according to
Tukey’s Studentized Range Test. MSD = Minimum Significant Difference. Mean separation was done within
‘=ach season.




% Effect of irrigation water rates on potato leaf stomatal conductance

59 DAP 73 DAP 87 DAP

Irrigation rate (% FC) Irrigation rate (% FC) Irrigation rate (% FC)

100 65 40 100 65 40 100 65 40
B1.7a* 11276 987c 1482a 1257b . 1122¢ 124.1a * 1023b  91.2¢
483(N) 3.8(W) 57(N) 4.5(W) 52(N) 41 (W)

11.9 12.6 14

138.92a 12370 104c 150a  1323b 1173¢ 1154a 1085b 83.4c

53(N)  42(W) 58(N) 4.6(W) 43(N)  34(W)
12.4 12.3 12.0

followed by the same letter (s) along the row at the same DAP are not significantly different at P<0.05
2 to Tukey’s Studentized Range Test. FC = Field Capacity, MSD = Minimum Significant Difference.

separation was done within each season.

Therefore water stress resulted in decrease in the net leaf stomatal conductance.
ermore, leaf stomatal conductance increased from 59 DAP and was highest at 73 DAP
= which it reduced regardless of irrigation water application rate later in the growth
n. Average leaf stomatal conductance at 87 DAP decreased by 24.1 and 35 mmolm "3s™!
high compared to 21 and 33.9 mmolm "*s™* observed with low irrigation water rate in
I and II, respectively. Therefore although decreases in leaf stomatal conductance
also observed with high irrigation water rate greater reduction resulted from low
mestion water application rate at the later growth stages. Therefore, higher irrigation water
plication rates maintained higher leaf conductance compared to lower application rates in
RTrials (Table 8). |

Similarly leaf stomatal conductance increased with N and P application rate. High
me=s of N and P application increased leaf stomatal conductance from 59 to 79 DAP after
sch there were declines regardless of their application rate. High compared to low P
slication rate increased the leaf stomatal conductance by 22.8 and 27.2 mmol m™?s™! while
ga N application increased fhe same by 24.6 and 24.2 mmol m % 37! at 87 DAP in RTrials |
11, respectively (Table 9).
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fect of N and I raten an pota

RTrial 1 59 DAP il g b R ST DA
P rate (kg P/ha) N rate (kg N/ha) N rate (kg N/ha) N rate (kg N/ha)
0 75 1123 150 Mean 0 50.6 75.9 1012 0 50.6 75.9 101.2  Mean
0 93.1 95.4 1063 1134  102.1d 106.6c 108.5d 120.8d 124.1d 84.8 89.4 98.4 108.1 95.2d

50.6 101.6 1058 1146 1224 111.3¢ 112 1192¢ 131e 1333c 924 95.2 1073 1104 101.3c
59 104.9 116.1 1206 1322 1184b 1169b 129.7b 137.5b 144.5b 97.7 104.6 1128 1208 1089b
1.2 110.4 1207 1268 1453 ° 1258a 1252a 1363a 1482a 164.7a 1022 1082 1253 1365 118a

Mean  102.5d* 109.5¢c 117.1b 128.3a 1152 1234 1344 1417 943c 993c  1109b 1189
MSD  48(P) 4.8(N) 57() 5.7(N) 52(P) 52(N)

CV (%) 11.9 12.6 14

RTrial 11

0 1002 1072 1111 1177 109.1d 111.3c 1125c 1249d 1286c 745d 93.6c  91.9d 99.8d 89.9
50.6 1056 1141 1194 1305 1174c 116.1bc 1222b 1343c 1413b 879¢c 942¢c  1009¢ 108.7c 97.9

139 110.8 1246 1366 1374  127.3b 1209 1353a 1439b 1469b 93.1b 101.5b 111.4b 1155b 105.4
101.2 120.1 131.8 1406 1478 135.1a  130a 140a 1523a 170.5a 101.9a 110.9a 125.5a 1303a 1172

Mean  109.2d* 119.4c 126.9b 133.4a 119.6 1275 1389 1469 894  100.1 1074 1136
MSD  53(P) 5.3 (N) 58(P) 58(N) 43(P) 43 (N) j
CV (%) 124 12.3 12

*Means followed by the same letter(s) along the row for N main effects and the column for P rates are not significantly different at <0.05 according to Tukey’s Studentized

Range Test. Some interactions were not significant. MSD = Minimum Significant Difference. Mean separation was done within each season.
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Generally potato leaf stomatal conductance significantly increased with irrigation, N
= application rates. Significant difference in the leaf stomatal conductance was observed
s the treatments throughout the growth period in both RTrials I and II (P < 0.05).

Leaf chlorophyll content index (CCI)

The average leaf chlorophyll content index of potato increased significantly over the
h period with irrigation water, N and P application rates. Interactions between irrigation
. N and P rates resulted to significant differences in leaf chlorophyll content index at all
h stages both in RTrials I and II. Significant differences were also observed between
Bestion water and P rates at all growth stages, except at 59 DAP in RTrial 1 However,
gesactions between N and P were not significant at 59 and 79 DAP in RTrial 1I (Appendices
2 M and 15).

Water stress due to low irrigation water rate resulted in decrease in the leaf

ophyll concentration. High irrigation water rate resulted to a higher amount of
ophyll compared to low irmigation water rate. Similarly application of higher rates of N
= 0 high chlorophyll concentration in both RTrials. However, application of high N rates
40% and 65% irrigation water rates reduced the leaf chlorophyll concentration at 73 and
P both in RTrials [ and II.
The leaf CCI increased with integrated irrigation water, N and P from 59 DAP and
s lighest 73 DAP after which it decreased 87 DAP. Integration of high compared with low
' and P application rates togethér with 100% irrigation water rate increased the leaf
ophyll concentration by 16.2 and 16.5, 19.8 and 19.6, and 15 and 20.3 CCI at 59, 73 and
DAP both in RTrials [ and [ respectively. When low irrigation water rate was integrated
ih high compared with low N and P application rates the leaf chlorophyll concentration
weased by 10.1 and 7.2, 18.8 and 14.9, and 17.8 and 9.1 CCI at the same growth stages
m RTrals I and I1 respectively. The highest leaf chlorophyll concentration was 53.7 and
=8 CCI that resulted from combined application of 100% irrigation water, 112.5 kg N/ha
101.2 kg P/ha 73 DAP while the lowest was 20.9 and 22.2 CCI recorded with 40%
gation water, 0 kg N/ha and 0 kg P/ha both in RTrals I and II respectively. Therefore
gration of high irrigation water, N and P application compared to low irrigation water
- tly increased the leaf chlorophyll concentration in potato. Integration of low irrigation
er and higher N and P rates beyond 112.5 kg N/ha and 75.9 kg P/ha reduced the leaf
orophyll concentration at all growth stages in both RTrials (Table 10).
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10: Effect of irrigation water, N and P rates on potato leaf chlorophyll content index

CCI at 59 DAP CCI at 73 DAP CCI at 87 DAP

P rate (kg P/ha) P rate (kg P/ha) P rate (kg P/ha)

- 50.6 75.9 1012 0 50.6 75.9 012 0 50.6 75.9 101.2
266d* 336¢c 359 382a 33d 398c 422b 468a 226¢c 286b 297b 32.7a
30.3¢ 352b 362b 389 37.1d 421lc 452 493a 265¢c 296b 29.8b 33.8a
33.1d 36.6c 392b 432a 405d 466c 514b 53.7a 295¢ 303c 322b 364a
353d 386c 405b 4282 414d 445¢c 492b 528a 275d 306¢c 352b 376a
2744 295c 322b 348 30.1c 353b 362b 41.9a 23.1c 236¢c 26.1b 30.1a
29 4d 31.7c 338 364a 34dc 389 402b 454a 232c 274b 286b 3l4a
31d 33.7¢c 394b 427a 355¢c 424b 489 488as 26.1c 31b 346a 344a
31.8d 359 414a 386b 37d 422c 483a 457p 26.1d 293¢ 3563 32.%
236d 288c 304b 336a 292c 309 357a 368a 209c 2276 263a 263a
21.3¢ 304b 334a 339a 309 366b 402a 397a 227c 243b 279a 283a
28.9¢ 30.4b 332a 332a 36.1c 399 47.]a 48a 255¢ 265 387a 367
27.8¢c 325b 369a 337a 372d 41.6¢c 477a 403b 255¢ 273b 3la 27.5b
L1 (NP) 0.9 (W) 1.5 (N,P) 1.2 (W) LIN,P) 0.8 (W)

16.2 18.1 182 '

29.4d 351c 375b 395a 329 41.7b 427b 478a 257c 288 297b 34d.la
32d 36.6c 38.1b 399a 369d 446c 474b S514a 292c 313b 32.1b 357a
32.6d 369 397b 425a 428c 492b 499 S53.6a 3lc 32.6b 33.5b 35a
36.5d 39¢ 41.6b 459a 43.9d 48c 51.1a 525a 295d 326c 39.7b 4ba
28.6d 31.2¢ 325b 36.2a 318d 37.6¢c 44b 4591 237¢ 258b 288a 295a
29.94 336c 347b 387a 354d 385c 462b 479 240d 281c 299 31.5a
33.6d 36.1c 37.6b 396a 418 444b 457b 485a 279d 314c 32.6a 333a
28.8d 32c 382b 403a 379d 458c 476b 506a 253d 28.8c 36.7a 32.9b
279¢ 309 31.7b 33.7a 30b 315b 382a 3770 222d 239c 29.1a 278b
287c 31.5b 356a 357a 317c 37b  403a 4l16a 246d 267c 307a 28.1b
29.9d 317c 357a 34.1b 357d 389 418 4493 245¢ 26.1b 313a 305a
28.9d 326c 383a 35.1b 393b 4382 437a 427a 265c 288 30.2a 282b
1.1 (NP) 0.9 (W) 1.6 (N.P) 1.3(W) 1.1(N,P) 0.8(W)

155 18.9 17.5
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followed by the same letter(s) along the row at the same DAP and irrigation water and N rate are not
ly different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

ce. Mean separation was done within each season.



Stronger relationships to leaf CCI were observed with irrigation water, N and P
nutrient supply. There were significant increases in leaf CCI with increase in

gsion water, N and P application rate at 59, 73 and 87 DAP (P < 0.05).

Leaf area index (LAI)

Leaf area index significantly differed among the treatments at 51 and 64 DAP
ppendices 16 and 17). Potatoes that received high irrigation water, N and P rates had
sficantly higher LAI than those that received lower rates. Leaf area index significantly
zased between 51 and 64 DAP with integrated application of high irrigation water, N and
mess in both RTrials. Leaf area index was greater with high irrigation water at 100%, N at
%2 N/ha and P at 101.2 kg P/ha, which was 2.6 and 1.3 at 51 DAP and 3.5 and 3.1 at 64
. Furthermore, low irrigation water rate at 40 % together with low N and P rates of 0 kg
and 0 kg P/ha had the least LAI, which was 0.28 and 0.19 at 51 DAP and 0.28 and 0.24
&4 DAP both in RTrials I and 11, respectively. Irrespective of N and P rates LAI was
sficantly greater with high irrigation water at 100% followed by 65% and was lowest with
" uTigation water rate. High compared to low irrigation water together with high N and P
scation rates increased the LAI by 1.54 and 0.61 at 51 DAP and by 2.06 and 1.78 at 64
? both in RTrials I and II, respectively. Similarly LAI significantly increased from low to
rates of N and P at all irrigation water rates. However, slight but significant differences
observed when 40% and 65% irrigation water rates was supplied together with high N

P rates of 150 kg N/ha and either 75.9 kg P/ha or 101.2 kg P/ha (Table 11).

L2.7. Days to 50% flowering

The number of days to 50% flowering of potato significantly depended on the
zation water, N and P rates. Significant interactive effects were observed both due to
zation water by N rates and N by P rates in RTrials I and II. Interactive effects of
zation water by P were not significantly different (Appendix 18). |

The days to 50% flowering decreased with irrigation water, N and P rates. Provision
100% irrigation water during growth enhanced early synchronization of flowering in
ato. Supply of 100% irrigation water decreased the days to 50% flowering to 53.5' and
=7 from 68.3 and 69.8 observed with 40% irrigation water rate. High compared with low
wmgation water rate reduced the days to 50% flowering by 14.9 and 15.2 in RTrials I and II,

ively (Figure 4).
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11: Effect of irrigation water, N and P application rate treatments on potato LAI

il [ LAl at 56 DAP LAI at 64 DAP
P rate (kg P/ha) P rate (kg P/ha)
kg N/ha 0 50.6 75.9 1012 0 506 759 101.2
E o 0.780* 085d  1.46¢ 158d 1054  1.14d  1.95¢ 2.12d
-v; 75 0.92c 102  145c 176c 123¢ 137 195 2.37¢
E 1125. 134b 122b 176b  2.14b 163b 18  235b 2.87b
= 150 137a  18a 236a  264a 184a  246a 3.17a  3.54a
0 0.44d 0654  1.02d 1.11d 059d 087d 137d 1.48d
O 15 065¢c . 073¢  1lle 132c 087c 098  148c 1.75¢
£ 1125 09b 1056 13 14b 124b 14D 1.74b 1.88b
2 150 097a 1132  134a 1.5la 129a 1542 179 2.03a
0 021d  035d 053d  069d 0284 047d 071d  0.93d
O 15 037c  048c 082  09lc 049  064c  llc 1.22¢
§ 1125  0.5b 0.60b  0.88b 1076 067b  0.8b 1.18b 1.44b
¥ 150  062a 064a 093 1la 083a 0852  125a 1.48a
MSD  0.02(N) 002(P) 0.02(W) 0.03(P) 0.03(N) 0.02(W)
CV (%) 5.80 6.05
2l 11
o 059d* 064d 076d  082d 091d 0984  163d 1.83d
£ 75 0.69¢ 0.75¢  0.78¢ 091c 106c 118  1.67c 2.04¢
S 125 076b 081b 088 103 l4lb 1556  2.03b 2.45b
= 150 0852  l.lla  1.16a 129a 1.59a  2.08a 2.73a 3.05a
0 038 0554 059d  064c 051d 075  1.18d 1.28d
§ 75 0.55¢ 0.62¢ 0.65¢ 0.76b 0.75¢ 0.84c 1.27¢ 1.53¢
§ 1125 0.6b 068b 071b 078 1076  121b 149  1.62b
B 150 0.63a 0.73a  0.75a 084a 1.12a 13la 155 1.75a
0 0.2d 031d 0394 0454 024d 041d 061d  0S8c
s 0.35¢ 045c  054c  0.59c 042c  055c  0.95¢ 1.05b
£ 1125 042 048  056b  066b 0.58  0.6%  1.0Ib 1.24a
= 150 0.51a 0.52a 0|.59a 0.68a 0.71a 0.73a 1.08a 1.27a
MSD  0.02(N) 0.02(P) 0.02(W) 0.04 (N) 0.04(P) 0.03 (W)
cv 8.23 8.83
(%) '

followed by the same letter(s) along the column for different irrigation water rate with N by P rates are
senificantly different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum

t Difference. Mean separation was done within each season.
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Figure 4: Effect of irrigation water rate on days to 50% flowering in potato

Potatoes where both 100% irrigation water and high N rate at 150 kg N/ha were
supplied, attained 50% flowering at 47.6 and 48.5 DAP compared to 74.2 and 75.5 DAP
where 40% irrigation water and N rate of 0 kg N/ha were supplied which was an equivalent
of 26.6 and 27 days earlier in RTrials I and II, respectively. However, regardless of N
~ application rate, 100% irrigation water attained 50% flowering earlier compared to other
- water treatments. High compared with low irrigation water rate when combined with high N
spplication rate reduced the days to 50% flowering by 13.4 and 14.9 days in RTrials I and 11
respectively (Table 12). However, irrespective of irrigation water rate days to 50% flowering
reduced with increase in N application rate.

High N and P application rates enabled potato to attain 50% flowering earlier
compared to low application rates both in RTrials I and II. Application of high rates of N and
P at 150 kg N/ha and 1012 kg P/ha reduced days to 50% flowering to 52.3 and 53.3
compared to 0 kg N/ha and 0 kg P/ha which attained the same 69.4 and 68.1 days. High
compared to low P regardless of N application rate reduced the days to 50% flowering by 4.7
and 4 in RTrials I and II, respectively. However, the days to 50% flowering reduced when
- high P and N rates were integrated (Table 12). Overall, irrigation water, N and P rates
significantly reduced the days to 50% flowering of potato (P < 0.05).
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= 12: Effect of irrigation water, N and P rates on the days to 50% flowering in potato
ig Irrigation water rate (% FC) P rate (kg P/ha)

mate (kg N/ha) 100 65 40 0 50.6 75.9 101.2

58.8a* 646a 742a 69.4a 66.3a 65a 62.2a
55.3b 61.8b 71.3b 64.6b  63b 62.2b 61.3b
32.2¢ 58.7¢ 66.9¢ 61.2¢c 59.9¢ 58.3c¢c 57.6¢

47.6d 53.8d  61d 56.9d 548  52.6d 5234
0.8(N) 08(®) 0.6(W)
2

59.2a* 65.8a 75.5a 68.1a 67.2a 66.4a 65.6a
57.5b 63.2b 72.7b 66.3b 64.5b 64b 62.6b
53.4c 59.7¢ 68.3¢c 63.1¢c 61.1c 59.2¢ 58.4c
48.5d 549d  62.8d 58.4d 56d 53.8d 53.3d

07(N) 07(@®@) 0.6(W)
19

=ans followed by the same letter(s) along the column for different irrigation water and P with N are not
sficantly different at £<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
ce. Mean separation was done within each season.

8. Days to physiological maturity

Although the number of days to potato physiological maturity significantly depended
all the treatments, only the interactive effects of irrigation water and P application rates
e f canﬂy affected the days to physiological maturity (Appendix 19).

There was a delay for the potato to attain physiological maturity w1th 100% irrigation
or and high P rate in both RTrials 1 and II. Water stress and low P encouraged early
ence. Potato plants supplied with low levels of both irrigation water at 40% and 0 kg
attained physiological maturity in 89.6 and 88.3 days compared to 109.8 and 108.7 days
> high levels of irrigation water at 100% and 101.2 kg P/ha were supplied. This shows
potato plants, stressed due to low irrigation water and low P application rates, reduced
maturity date by 20.2 and 20.3 days in RTrials I and II, respectively (Table 13, Plate 3).
levels of N at 150 kg N/ha delayed potato physiological maturity by 18.6 and 19.7 days
RTnals I and II, respectively (Figure 5). However, irrigation water, N and P rates

sificantly influenced potato physiological maturity both in RTrials [ and IT (P < 0.05).
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= 13: Effect of irrigation water and P rates on the days to physiological maturity in potato

Irrigation water rate (% FC) in Irrigation water rate (% FC) in
RTrial I RTrial I
mate (kg P/ha) 100 65 40 Mean | 100 65 40 Mean

9214 921d 89640 923.9384% 908 8834 909
98.6¢ 95.2¢ g26c 954 |9l 93.7¢ 915c 94.2
104.5b  98.8b 9470 993 |1033b 978 93.8b 983
109.8a  102.6a 100.7a 1043 | 108.7a  101.3a 99a 10

101.9 97.2 94 4 100.8 95.9 93.2
D (P) L1 1.1
S (W) 0.9 0.9
(%) 1.8 1.8

s followed by the same letter(s) along the column for different irrigation water with P are not
ficantly different in both RTrials I and 11 at P<0.05 according to Tukey’s Studentized Range Test. MSD =

imum Significant Difference. Mean separation was done within each season. -

Potato total biomass (biological yield)

The total biomass of potato significantly depended on all the treatments together with
=1 interactive effects (Appendix 20). The total biomass of potato increased with the
e in irrigation water, N and P application rates both in RTrals [ and [I. Application of
on water and N increased the potato total biomass production.

The highest biological yields of 222.5 and 272.2 g per plant was observed with 65%
ngation water rate together with N application rate of 112.5 kg N/ha compared to 125.6 and
356 g obtained with 40% irrigation water and 0 kg N/ha in RTrials I and II, respectively
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Plate 3: Effect of irrigation water rate on potato physiological maturity
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Figure 5: Effect of N rate on days to physiological maturity of potato

Similarly N and P application improved potato total biomass production from 110.5
and 119.5 g with low application rates of 0 kg N/ha by 0 kg P/ha to 233.9 and 283 g with 112.5
&g N/ha by 75.9 kg P/ha both in RTrial I and II respectively. Integration of irrigation water
with N application improved the total biomass more than that of N with P. However, high
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 application of N and P beyond application rate of 112.5 kg N/ha by 75.9 kg P/ha suppressed
the total biomass production (Table 14).

The tubers biomass contributed the highest proportion of the total biomass compared
1o shoot biomass regardless of irrigation water rate. The 100% irrigation water (Plate 3), high
N and P rates had the highest shoot biomass, while 65% had the highest tuber biomass and
~ consequently the highest total biomass. Lowest total biomass of 90.37 g was recorded with
 the integration of 40% irrigation water, 0 kg N/ha and 0 kg P/ha rates and the highest biomass
 was 3253 g observed where 65% irrigation water, was integrated with 112.5 kg N/ha and
. 759 kg P/ha application rates (Table 15). Overall irrigation water, N and P rates had
significant effect on potato total biomass (P < 0.05).

65%

100%

Plate 4: Effect of water stress on growth and development of potato

55
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14: Effect of irrigation water, N and P rates on potato total biomass (biological yield)
= Irrigation water (% FC) P rate (kg P/ha)

(kg/ha) 100 65 40 Mean O 50.6 759 101.2 Mean
160.6d* 1584d 125.6d 1483 1105c 14270 1698a 169.8a 1483
181.2¢ 186.1c  1364c 1679 1388c 1588b 183.7a 1854a 167.9
221.3a 22252 1669a 203.6 162.8c 1984b 2339a 2192a 203.6
198.5b 201.5b 15190 1841 1641d 1741c 2057a 1926b 1834.1

190.5 1922 1452 144 1635 1995 1917
SO(N)  59(P) 4.6(W)
9.5

179d* 181.8d 135.6d 1655 1195d 1585¢ 196a 187.5b  165.5
208.2¢c 2188¢c 1492c¢ 1921 1541d 1759¢ 2244a 2138 192.1
263.7a 272.2a 187.4a 2411 181.7d 237.4c 2834a 2622b 241.1
221.8b 230.8b 166.4b 206.1 179.9d 191.3c 242.1a 21L.1b 206.1

218 2259 1596 1588 1909 2364 2187
530N) 53(P) 42(W)
7.5

followed by the same letter(s) along the column for different irrigation water and P with N are not
y different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

. Mean separation was done within each season,

Effect of Integration of Irrigation Water, N and P Rates on Seed Potato Tuber Yield
Yield Components
. Number of tubers per plant

Number of tubers was significantly affected by all the treatments both in RTrials I and
The results showed that number of tubers also significantly depended on interaction of
sgation water either with N or P (Appendix 21).

Overall, application of irrigation water significantly increased the number of tubers.
tion of intermediate irrigation water rate at 65% produced the highest number of
High irrigation water beyond 65% reduced the number of tubers by 1.2 and 1.3 tubers

B RTrials [ and II, respectively (Table 16).
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15: Effect of irrigation, N and P rates on shoot, tuber and total biomass in RTrial II

N Shoot dry mass (g per plant) Tuber dry mass (g per plant) Total dry mass (g per plant)

P rate (kg P/ha) P rate (kg P/ha) P rate (kg P/ha)
0 506 759 1012 O 50.6 759 ‘1012 4O 506 759 101.2

429 471 499 589 973 127.2 - 1539 1387 1403 1743 2038 1977
2] 4.9 545 564 638 1243 1349 1808 1715 171.1 1894 2372 2353
#1235 514 553 676 74 140.8 193.1 2477 2248 1922 2484 3153 2988
38 579 673 711 763 1282 1426 1842 1571 1861 2098 2553 2334
3 348 439 462 494 93 1285 1726 1589 1279 1723 218 208.3
B 446 481 499 S56.6 1327 1505 218.1 1746 1773 1986 2683 2312
1125 483 502 508 537 1482 2309 2745 2322 1965 2816 3253 2859
150 501 534 589 635 1515 1562 2241 1655 201.7 2096 2829 2289
0 292 352 405 447 612 949 1249 1116 9504 130 1655 1563
75 331 385 405 509 809 1012 1276 124 1139 1397 168.1 1749
1125 379 454 49 53.1 1185 1372 1595 1488 1566 1827 2085 201.9
130 439 434 499 3505 108 11 1382 1206 1519 1544 1882 171.1

2.1 4.9 53
21 49 33
1.7 33 42
11.8 93 75

s followed by the same letter(s) along the column for different irrigation water and P with N are not
different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

z. Mean separation was done within each season.

Application of lower irrigation water rate at 40% also greatly reduced the number of
ers compared with 100% irrigation water rate. Also the number of tubers increased with
acation of N regardless of the amount of irrigation water supplied until 112.5 kg N/ha
1 it reduced with high N rate of 150 kg N/ha. Number of tubers increased with P
ication from 0 kg P/ha to 101.2 kg P/ha with 65% irrigation water, but they
senificantly decreased after 75.9 kg P/ha both with 40% and 100% irrigation water. Higher
ed to lower P rates regardless of irrigation water increased the number of tubers by 1.1
1.4 in both RTrials I and II, respectively. Unlike P, high N application rates beyond 112.5
: N/ha significantly depressed the tuber number. However, high compared to low N rate
sreased the number of tubers by 1 and 1.4 in both RTrials I and II, respectively (Table 16).

erally, plants in RTrial I had less number of tubers than those in RTrial II.
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= 16: Effect of irrigation water, N and P rates on number of tubers per plant

I " N rate (kg N/ha) P rate (kg P/ha)

0 75 1125 150 Mem 0 506 750 1012 Mean
5i*. ije  BBs & M0 Sk B i ik i3
6 b6 Bls 79 69 B E® 1% T84 69
43¢ 4.7b 5.4a 5.3 49 4 5¢ 4 9 5.2a 5.1a 49
43 S8 &7 62 ¥% 8% - §2-. W4

02(N) 02(P) 0.1(W)

15.1

6.8d* 1.7 8.5a 8.1b 7.8 7.2¢ 7.5b 82a 8.1a 7.8
7.9d 8.6¢ 10.1a 9.7b 9.1 7.9d 8.6¢ 9.6b 10.1a 7.8
5.8d 6.3¢ 74a 7.1b 6.6 6.1c 6.5b 6.9a 6.9a 6.6

6.8 75 8.6 8.3 71 75 82 84
02(N) 02(P) 0.2(W)
) 14.9

Mezns followed by the same letter(s) along the row for different N and P rates with irrigation water rate are not
sficantly different at £<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
e. FC= Field Capacity irrigation water. Mean separation was done within each season.

Tuber yield

The seed potato tuber yield (tha) significantly differed amongst the levels of
zation water, N and P rates in both RTrials. Tuber yield significantly depended on the
megration of irrigation water either with N or P and that of N with P (Appendix 22).
ngation water application increased seed potato tuber yield. The highest seed tuber yield
s recorded vﬁth 65% followed by 100% whereas 40% irrigation water rate had the least
Intermediate irrigation water application at 65% significantly increased the seed tuber
%24 10 32.5 and 38.4 t/ha compared to 22.1 and 27.1 t/ha recorded with 40% irrigation water
ective of N or P application rate. This translated to an increase by 10.4 and 11.3 t/ha
sugh application of irrigation water beyond 65% reduced the seed potato yield by 2.3 and
tha both in RTrials I and II, respectively. However, integration of irrigation water and N
plication significantly improved the seed potato tuber yields (Table 17).



17: Effect of irrigation water, N and P rates on s€

mall N rate (kg N/ha) P rate (kg P/ha)

0 75 1X25 150 Mean 0 50.6 759 1012 Mean
216d* 282c 342b 3672 302 226d 2756 33% 366a 302
2354 304c 357> 405a 325 254d 305c 357b 384a 325
172¢ 204b 248a 26.1a 221 ¥19c 208b 2468 25.1a 22,1

1 963 -3E WA 219 263 34 - 3A
140N) L4P) LLW)
7.9 :

248c* 334b 418 413a 353 276d 325¢ 399 412a 353
274c 358b 455a 449 384 302d 357c 432b 446a 334
203¢c 2565 313a 315 272 217 257b 3052 30851 27.1

242 316 395 393 P68 313 - 918 589
SD L3QN) 1.3(P)  1(W) '
™ 59

=ans followed by the same letter(s) along the row for different N and P rates with irrigation water application
ot significantly different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum
sficant Difference. Mean separation was done within each season.

The 65% irrigation water together with high N rate of 150 kg N/ha increased the seed
et yield to 40.5 and 44.9 t/ha, compared to 17.2 and 20.3 t/ha when 0 kg N/ha was applied
gsther with the lowest irrigation water rate of 40% in RTrials 1 and II, respectively.
wever, irrespective of the irrigation water rate the seed potato tuber yields significantly
creased with N application rate from 0 kg N/ha to 150 kg N/ha in RTrial I and 0 kg N/ha to
2125 kg N/ha in RTrial II after which there were no significant increases. High compared to
N rate increased the seed potato yield by 13.7 and 15 tha in RTrals 1 and 11,
=spectively. Similarly integration of irrigation water with P rates signiﬁcantly increased seed
‘pomato tuber yield (Plate 4). Where 65% irrigation water was applied together with 0 kg P/ha

mpared to 101.2 kg P/ha, seed potato yield increased from 25.4 and 30.2 to 38.4 and 44.6

52 in RTrials I and 1, respectively. In potatoes supplied with 40% irrigation water, the seed

sato yield increased from 17.9 and 21.7 to 25.1 and 30.9 t/ha when 0 kg P/ha and 101.2 kg
"Ba were applied in RTrials I and II, respectively (Table 17).

39




Plate 5: Effect of integration of irrigation water, N and P rates on seed potato tuber
yields

Combination of N and P significantly increased seed potato yield. However, P
application rate beyond 75.9 kg P/ha with low levels of N up to 75 kg N/ha did not
significantly increase the seed potato yield. The higher P rate significantly increased total
- seed tuber yields compared to low P rate. Seed potato yield increased by 11.39 and 12.41 t/ha
when high compared to low P rate was applied. Higher increases were observed where 75.9
kg P/ha and 101.2 kg P/ha were supplied with high N rates. Seed potato yield increased from
1590 and 18.3 to 24.5 and 26.8 t/ha for 0 kg N/ha by 0 kg P/ha and 0 kg N/ha by 101.2 kg
P'ha, and from 26.6 and 30.4 to 41.3 and 46.1 t/ha for 150 kg N/ha by 0 kg P/ha and 150 kg
N'ha by 101.2 kg P/ha in RTrials I and II, respectively (Table 18).

Table 18: Effect of N and P rates on seed potato tuber yield

N rate (kg N/ha) in RTrial I N rate (kg N/ha) in RTrial 11
P/ha) 0 43 1125 150 Mean |0 15 1125 7150 Mean

159¢c* 21.1c 244d 266d 219 1834 253c 3154 " 304d 265
193b 2476 293¢ 319¢ 263 |232c 305b 357¢ 358 313
233a 293a 35b 38b 314 |284a 35.1a 434b 446b 379
245a 302a 376a 413a 335 |[268b 355a 472a 46.1a 389
20.7 263 316 344 242 316 395 393

P) 14 13

(N) 14 1.3
19 39

60

“*Means followed by the same letter(s) along the column for different N by P rates are not significantly different
= P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant Difference. Mean
separation was done within each season.



Tuber grading

Size distribution of seed potato into different grades after harvest significantly
mded on imigation water, N and P application rates in both RTnals (Table 19).
gration of irrigation water and N significantly affected the ware, seed size I and chats
sbution. Integration of W and P, as well as N and P affected the ware and seed size II,
ectively in both RTrals (Appendices 23, 24, 25 and 26).

Ware seed potato tuber yield increased from 40% to 65% and was highest with 100%
non water (Plate 5). High compared with low irrigation water rate increased the ware
by 43 and 5.1 t/ha in RTrals I and II, respectively. While the ware potato increased
imcrease in irrigation water rate, the seed size 11, size I and the chats decreased beyond
arigation water rate. Increased application of irrigation water beyond 65% reduced the
size Il yield by 2.5 and 2.9 t/ha, seed size [ by 1.6 and 2.1 t/ha, and the chats by 0.7 and
%5a in RTnals I and II, respectively. Therefore application of 100% irrigation water
s2d yield of seed sizes II and 1, as well as the chats. Highest seed sizes II and I yield were
2ed with 65% and the least with the 40% irrigation water rates. The yield of chats
==sed with low irrigation water application at 40% compared to 100% (Table 19).

Integration of irrigation with N increased yield of seed per grade. Application of N
0 to 150 kg N/ha increased the yield of ware, seed potato size IT and I by 5.3 and 5.5
83 and 6.4 t/ha, and 3.8 and 5.4 t/ha, while the yield of chats reduced by 0.8 and 1.0
B arespective of irrigation rate in RTrials [ and II, respectively. However, application of N
d 112.5 kg N/ha with 100% and 40% irrigation reduced seed size [ (Table 19).

Integration of irrigation with P significantly increased seed potato yield across the
=s Increased P resulted in significant yield increases per size distributions (Table 20).
wield of ware, sizes Il and I tubers increased with P application from 0 to 101.2 kg P/ha
% 65% followed by 100% and 40% FC, respectively. However, P application rates beyond
* k2 P/ha reduced or stagnated seed size I, resulting to more production of seed size 1. In
son, the higher P application rate from 0 kg P/ha to 101.2 kg P/ha reduced the yield of
regardless of the irrigation water level. Application of P from 0 kg P/ha to 101.2 kg
= :ncreased the yield of ware, seed potato size IT and ] by 4.7 and 4.6 t/ha, 4.7 and 5.3t/ha,
t 39 and 5.2 t/ha, while the yield of chats reduced by 0.9 and 1.1 tha irrespective of
son water rate in RTrials [ and 11, respectively (Table 20).

Generally, integration of N and P rates did not significantly affect the production of
seed sizes I and I, and the chats in both RTrials. '
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40% irrigation water

100% irrigation water

Plate 6: Effect of irrigation water rate on seed potato tuber size distribution

43.4. Harvest index

The potato harvest index (HI) significantly depended on irrigation water, N and P
mates and only interactive effects of P with N affected it in both RTrials (Appendix 27).

The HI significantly increased with increase in irrigation water application from 40%
#pto 65% beyond which it decreased with 100% irrigation water rate. High irrigation water
mate at 100% compared with 65% decreased the HI by 5.3% and 4.9% in RTrials I and II,
sespectively. However, there were no significant differences between 40% and 100%
wmigation water rates in RTrial I (Table 21).

The HI significantly increased with combined N and P application from 0 kg N/ha and
0 kg P/ha to 112.5 kg N/ha and 75.9 kg P/ha after which it decreased or remained constant
with further application. Application N and P from 0 kg N/ha and 0 kg P/ha to 112.5 kg N/ha
#nd 759 kg P/ha increased the seed potato HI by 8.5% both in RTrials I and II, respectively

~{Table 22). Increase in HI depended on combined increase in both N and P application rates.
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" Arvigation ..athamﬂa - Iretgntion rate 03% Iy Irehgation rate (40% 1'C Mean
N rate Ware Sizell Sizel Chats Ware Sizell Sizel Chats Ware Sizell Sizel Chats Ware Sizell Sizel Chats
(kg N/ha)
0 54d* 5.9d 9d 1.3a 424 7.2d 10lc 192 24d 4.8d 7.8¢ 23a 39 59 8.9 1.8
75 8.2¢c 8.1c 10.7¢  1.2a 6.1¢c 107 119 1.6b 4.3¢c 6.1c 8.2¢ 1.9 6.2 83 10.3 1.6
112.5 9.7b 102b  133a la 7.8b 12.5b 14.2a 1.2¢ 5.1b 7.4b 10.9a ldc 7.7 9.9 12.8 1.2
150 12.2a 12.3a 11.4b  0.8b 92a 158a 14.7a 0.8d 6.3a 8.8a 9.7b 1.3c¢ 93 12.3 11.9 0.9
Mean 89 9.1 11.1 11 6.8 11.6 12.7 1.4 4.5 6.7 9.1 1.7
MSD (N) 0.8 0.6 0.9 0.2
MSD(W) 0.7 0.4 0.8 0.2
CV(%) 195 98 146 214
RTrial 1T
0 6.4d* 6.9d 9.9d 1.5a 5.1d 8.5¢ 1174  22a 2.8c 5.8d 9d 2.8a 4.8 7.1 1032, -~ 22
75 9.9¢ 9.7¢c 12.3¢ I.ba 7.4c 12.4b 14.1¢ 1.9 5b 7.5¢ 10.8¢ 2.2b 7.4 99 12.4 1.9
112.5 12.1b 128 156a 12b 9.7b 167a 17.7a l4c 65a 9.6b 13.5a 1.8c 979 12.8 15.6 1.5
150 131a  135a 139 09 105a 168a 166b 1d 69a 105a 12.5b 1l.6¢ 10.3 13.4 143 1.2
Mean 10.4 10.7 12.9 1.3 8.2 13.6 15 1.6 53 83 11.4 2 .
MSD(N) 06 07 09 0.2
MSD(W) 0.4 0.6 0.7 0.2
s SR B SRR R

*Means followed by the same letter(s) along the column for different irrigation water with N rates are not significantly different at <0.05 according to Tukey’s Studentized

Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season.
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RTrial1  Imigation rate (100% FC) Irrigation rate (65% FC) * lrrigation rate (40% FC) Mean

kg P/ha Ware Sizell Sizel Chats Ware Sizell Sizel Chats Ware Sizell Sizel Chats Ware Size 11 Sizel Chats
0 5.6d* 6.6d 8.9¢ 1.5a 44d  8.8d 104c  1.7a 33 4 7.6¢ 2.4a 4.4 6.7 8.9 1.9
50.6 Bilc . 82c 10.1b  1.2b 6.2¢ 10.9¢ 11.8b 1.5b 39¢c 6.2¢ 8.6b 1.9b 6.1 85 10.2 1.6
75.9 99 9.9 13.1a 0.9c 7.6b 123b 146a 1.3c 48  7.4b 109a 1.5¢c 7.4 9.9 12.9 1.2
101.2 1133 123s 123& 07 9.1a 143a 141a 09d 6.la 8.6a 9.4b 1.1d 9.2 11.4 119 09
Mean 8.7 9.3 i1l 1.1 6.8 11.6 12.7 1.4 4.5 6.7 9.1 1.7

MSD®) 08 06 09 02

MSD(W) 04 0.6 0.7 0.2

CV (%) 195 98 146 214

RTrial II

0 7.4d* 7.6d 10.7d  1.9a 5.7d 10.4d 12.1d 2a 38d 6.3d 89d 2.7a 5.6 8.1 10.5 22
50.6 95¢ 98¢ 119c 14b  7.5¢ 12.3¢ 142¢ L7b 49c 79c 104c  2.3b 7.4 9.9 122 1.8
75.9 11.5b 12b 1532 lle 8.9b 14.8b 179a 16 58b 89b 139a  1.9¢ B9 11.7 157 1.5
101.2 133a 134a 138b 0.8d 106a 16.9a 1596 12d 67a 10.1a 127b 144 10.2 13.4 14.1 1.1
Mean 104 107 12.9 13 82 13.6 15 1.6 43 8.3 114 2.1

MSD(®P) 06 0.7 09 02

MSD(W) 04 0.6 07 B2

CV (%) 11.2 10,9 111 19.7

*Means followed by the same letter(s) along the column for different irrigation water with P rates are not significantly different at P<0.05 according to Tukey’s Studentized

Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season.



2ble 21: Effect of irrigation water rates on HI of seed potato

igation water rate (% FC) PTrial 1 PTrial I
63.9b* 69.7¢c
692a 74 6a
64.6b 71.3b

MSD (W) 0.9 07
(%) 2.7 1.9

zans followed by the same letter(s) along the column for different irrigation water, N and P rates are not
sficantly different at P<0.05 according to Tukey’s Studentized Range Test. Interactions were not significant
< 0.05. MSD = Minimum Significant Difference. Mean separation was done within each season..

ole 22: Effect of N and P rates HI of seed potato

PTrial 1 PTrial I
N rate (kg N/ha) N rate (kg N/ha)
0 75 1125 150 0 75 1125 150
61.2b* 63.6¢ 65.5b  65.8c 66.9c  70b 734b  70.9¢
63a 649 665b 669 [694b 72.1a 734b 71.7c
63.7a 67a 69.72a 695a |70.6a 72.7a 754a  74.8a
63.52 643b 69a 692a |679¢ 709 758  73.9

1.1 0.9
SD(N) 1.1 09
2 19

ns followed by the same letter(s) along the column for different N by P application rates are not
Scantly different at £<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

=nce. Mean separation was done within each season.

Specific density, starch and dry matter contents

The specific gravity, starch content and DM of seed potato significantly depended on
mtion water, N and P rates in RTrials I and II (Appendices 28 and 29). Iirigation water
significantly decreased seed potato specific density, starch and dry matter contents of
0 tubers (Table 23).
The specific density, starch and dry matter contents increased from 40% to 65% and
by 0.03, 2.6%, 3.7% and 0.04, 3.7%, 5.2% in RTrials I and II, respectively.



23: Effect of irrigation water, N and P rates on seed potato specific gravity, starch and

RTrial I RTrial IT
Specific Starch (%)  Dry matter Specific Starch  Dry matter
density (%) density (%) - (%)
1.07b* 13.2b 26.9b 1.07¢ 13.5¢ 27.3¢
1.09a 15.8a 30.6a 1.1a 17.2a 32.5a
1.09a 15.3a 2994 1.09b 15.9b 30.8b
0.01 1.3 1.8 0.01 0.7 09
(kg N/ha)
1.07b 13.3b 27.1b 1.08b 14.2b 28.3b
1.08ab 14.6ab 28.9ab 1.08b 15.1b 29.5b
1.09a 15.9a 30.8a l.1a 16.8a 32a
1.09a 153a 29.8a 1.09a 16.2a 31.1a
0.01 1.6 23 0.01 0.9 1.3
(kg P/ha)
1.06¢ 12.5¢ 25.8¢c 1.07¢c 13.9¢ 27.9¢
1.08b 14.4b 28.6b 1.08bc 15b 29.5b
1.09a 16.2a 31.1a 1.09ab 16.2a 31.1a
1.09a 16.2a 31l.1a l.1a 17.1a 32.4a
0.01 11 1.5 0.01 1 1.4
0.89 6.4 46 0.84 5.6 4.1

followed by the same letter(s) along the column for different irrigation water, N and P application rates

=cafic gravity, starch and dry matter content are not significantly different at P<0.05 according to Tukey’s
Range Test. Interactions were not significant at P < 0.05. MSD = Minimum Significant Difference.
‘separation was done within each season.

Lowest specific density, starch and dry matter contents were observed with 100%
wed by 40% and the highest was recorded with 65% irrigation water rate (Table 23).

Application of N and P significantly increased seed potato specific density, starch and
) matter contents. Higher rates of N and P led to higher levels of seed potato specific

sy, starch and dry matter contents in RTrials I and II. Specific density, starch and dry
zr contents significantly increased with N rate up to 112.5 kg N/ha, after which they non-
acantly reduced. Application of 150 kg N/ha compared to 112.5 kg N/ha reduced the
sfic density, starch and dry matter contents by 0.01, 0.7%, 0.9% and 0.01, 0.7%, 0.9% in
is [ and I1, respectively (Table 23).



Similarly P application significantly increased the seed potato specific density, starch
dry matter content up to 75.9 kg P/ha beyond which there was no significant increase at
kg P/ha. Overall, the lowest seed potato specific density, starch and dry matter content
1.1, 12.5%. and 25.8% recorded with the lowest P application at 0 kg P/ha and the
=st was 1.1, 17.2%, and 32.5% with 65% irrigation water (Table 23). Unlike high N and
soolication rates which were positively correlated to specific density, starch and dry matter
t a strong negative relationship was observed with 100% irrigation water.

Tissue N and P contents

Tuber N and P contents were significantly affected by the irrigation water, N and P
=s and especially where irrigation and N rates were integrated (Appendices 30 and 31).

Application of P significantly increased the tissue N and P contents in seed potato

#es Tuber tissue N increased from 3.29% and 3.59% to 3.55% and 3.99%, while tissue P
seased from 0.27% and 0.29% to 0.32% and 0.34% with low P rate of 0 kg P/ha compared
joh P rate of 101.2 kg P/ha in RTrials I and II, respectively. Therefore P rate from O kg
compared to 101.2 kg P/ha increased the tissue N and P contents by 0.26% and 0.05% in
12l I and 0.4% and 0.05% in RTrial II (Table 24).
Integration of irrigation water with N rates significantly increased the tissue N and P
snts in seed potato tubers. However, 100% compared to 65% irrigation water rate
antly reduced the tuber ti;sue N and P contents. The 100% irrigation water application
=d in 2.59% and 2.94% N content, compared to 3.24% and 3.25% with 65% irrigation
r supplied together with low N rate of 0 kg N/ha in RTrials I and II, respectively.
Jarly, 100% irrigation rate reduced the tuber tissue P content to 0.18% and 0.22%,
=d t0 0.25% and 0.27% observed with 65% irrigation water supplied with low N rate
k2 N/ha in RTrials I and 1L, respectively (Table 24). |

Increasing N from 0 to 150 kg N/ha regardless of irrigation water rate increased tissue
i P contents in the seed potato tubers. When 65% irrigation water rate was supplied
2r with 0 kg N/ha compared to 150 kg N/ha the tissue N and P contents increased by
and 0.18% in RTrial I and 1.51% and 0.17% in RTral II (Table 25). However,
idless of irrigation water rate tuber tissue N and P contents increased with N application
Low tuber tissue N and P contents were observed with low N rate of 0 kg N/ha
sared to high content, which resulted with 150kg N/ha rate within a given imgation
e rate (Table 25). Overall, the irrigation water, N and PAapplication rates had significant
f=cts on tuber N and P contents at harvest.

67



24: Effect of P application rate treatments on tuber tissue N and P contents

RTrial I RTrial 11
(kg P/ha) Tissue N (%) Tissue P (%) | Tissue N (%) Tissue P (%)
3.294* 0.27d 3.59d 0.29d
3.38¢ 0.28¢ 3.6%9¢ 0.3¢
3.46b 0.3b 3.84b 0.32b
3.55a 0.32a 3.99a 0.34a
3.42 029 3.78 0.31
®) 0.04 0.01 0.05 0.01
1.73 ‘ - | 1.93 3.

followed by the same letter(s) along the column for different P rates are not significantly different at
05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant Difference. Mean

ion was done within each season.

7. Water and nutrient use efficiencies
7.1. Water use efficiency
Water use efficiency (WUE) significantly depended on all tested factors. Integrating

with either irrigation or P significantly affected WUE (Appendix 32). High irrigation water
. depressed WUE, which was 10.8 and 12.7 kg/m’ where 100% irrigation water was
ied compared to 16.9 and 20.8 kg/m’ obtained with low irrigation water in RTrials I and
respectively. Low irrigation water at 40% followed by 65% had the highest while 100%
the least WUE. High irrigation water at 100% compared to 40% reduced WUE by 6.1
8.1 kg/m’® (Figure 6). Application of N irrespective of irrigation rate increased WUE from
150 kg N/ha both in RTrials I and I, respectively. The higher WUE was recorded when
of the irrigation rate was combined with high N rate at 150 kg N/ha. The lowest WUE
recorded when 100% irrigation rate was integrated with the lowest N rate at 0 kg N/ha in
RTrials. Contrary to irrigation, application of both N and P significantly increased
N and P rates increased WUE from 8.5 and 9.8 kg/m’ to 14.1 and 16.2 kg/m’ observed
low compared to high rates in RTrials I and II, respectively (Table 26).

Nitrogen rate irrespective of P rate improved WUE. Increasing N from 0 to 150 kg
increased WUE from 11.1 and 12.9 kg/m’ to 18 and 20.7 kg/m’, which was equivalent
7.1 and 7.9 kg/m’ in RTrials I and II, respectively. Similarly, application of P from 0 to
2 kg P/ha increased WUE irrespective of N rate from 11.7 and 14 kg/m’ to 17.4 and 20.5
*, which was equivalent to 5.8 and 6.5 ke/m’ in RTrials Tand I, respectively (Table 26).
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Missue P

R

water N rate (kg N/ha) N rate (kg N/ha)

(% FC) 0 75 112.5 150 Mean 0 75 112.5 150 Mean
100 259d* 285 321b 3.54a 3.05 0.18d 0.23¢c 0.27b 033a. 025
65 324d 349c 3.78b 4.1a 3.65 0.25d 0.3c 0.36b 0.43a 0.33
40 3.14d 341c  3.69b 3.99a 3.56 0.21d 0.26¢ 0.31b 0.38a 0.29
Mean 2.99 325 3.56 3.88 0.21 0.26 0.31 0.38
MSD (N) 0.04 0.01
MSD (W) 0.03 0.01
CV (%) L3 5.1

RTrial 1T
100 294d  327¢c  3.62b 4.09a 3.48 0.22d 0.25¢ 0.29b 0.35a 0.28
65 325d 3.67c  4.22b 4.76a 3.98 0.27d 0.31c 0.36b 0.44a 0.34
40 3.15d 359  4.09 4.67a 3.88 0.24d 0.29¢c 0.34b 0.39a 0.31
Mean 3.11 2.3 3.98 4.51 0.24 0.28 0.33 0.39
 MSD (N) 0.05 0.01

MSD (W) 0.04 0.01
CV (%) 1.93 3.7

*Means followed by the same letter(s) along the row for different irrigation water with N rates are not significantly different at £<0.05 according to Tukey’s Studentized

Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season,
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WUE was greatly reduced by low N and P rates, while it was increased with
mtegrated high rates (Table 26).
#RTrialI =RTrial II

30
hn
)

]
(=]
A

h
i

Water use efficiency (kg/m’)
S

(=]

100 635 40

Irrigation water rate (% Field Capacity)
Figure 6: Effect of irrigation water rate on potato water use efficiency

Table 26: Effect of N and P rates on potato water use efficiency

RTrial I P rate (kg P/ha) Irrigation water (% FC)
N rate (kg N/ha) 0 50.6 75.9 101.2 100 65 40

0 85d* 103d  12.3d 13.1d 774 122d 13.1d
75 1.lc  129¢  154c 157¢  10.1c  158¢  15.6¢
1125 129b  153b  18.5b 195b 123b  185b  189b
150 141a 1682 1992 2142 1322 2la 19.9a
MSD 08(N) 08(P) 0.6(W)

V(%) 8.4

0 9.8¢c 12.4¢c 15.1d 14.1c  8.9¢c 14.3¢ 15.5¢
75 13.3b 16.2b 18.7¢ 186b 11.9b 18.6b 19.5b
1125 16.8a 188a  22.8b 249a 149a 23.6a 239a
150 16.2a 18.9a 23.5a 243a 148a 233a 24.1a
MSD 08(N) 08(P) 0.6(W)

OV (%) 6.9

*Means followed by the same letter(s) along the column for different P or irrigation rates by N rates are not
significantly different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
Difference. Mean separation was done within each season.
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L5.7.2. Nitrogen use efficiency
Irrigation wé.ter, N and P rates significantly affected NUE. Integrating N or P with
gation water significantly affected NUE (Table 27; Appendix 33). Application of
gation water where low N rate of 0 kg N/ha was supplied led to zero NUE. NUE increased
‘ irrigation water and N rates. High irrigation water application resulted to better NUE
pared 1o where low irrigation water was supplied. Increasing irrigation rate from 40% to
increased NUE by 14.4 and 13.3 kg/kg in RTrials I and 11, respectively.

Irrespective of irrigation rate, N increased NUE up to 112.5 kg N/ha beyond which it
tined. Generally application of N beyond 112.5 to 150 kg N/ha decreased NUE by 1.9 and
kg/kg in RTrials I and 11, respectively. Application of N and P also improved the NUE
of the P rate. Like irrigation, application of P alone reduced NUE to zero..

zration of high compared to low N and P rates improved NUE. Increasing P rate from 0
101.2 kg P/ha regardless of N rate increased NUE from 21.7 and 28.2 kg/kg to 30.5 and
kg/kg, which was equivalent to 8.8 and 14.5 kg/kg in RTrials T and II, respectively. The
NUE was recorded when 1125 kg N/ha was integrated with 101.2 kg P/ha. -
rdless of P rate, high N rate of 150 kg N/ha reduced NUE in both RTrials (Table 27).

3. Phosphorus use efficiency

Irrigation, N and P rates significantly affected the phosphorus use efficiency (PUE).
sermore, integrating N or P with irrigation water significantly affected PUE (Table 28;
1x 34). Application of irrigation water, N and P increased PUE. Increasing irrigation
zr rate from 40% to 100% and N rate from 0 to 150 kg N/ha significantly increased PUE
48.9 and 63.8 kg/kg to 122.3 and 133.3 kg/kg, which was equivalent to 73.4 and 69.5
gz in RTrials I and 11, respectively (Table 28). Therefore, integration of irrigation and N
s increased PUE.

Further integrated application of N and P greatly increased the PUE. The PUE |
ge=ased from 0 kg/kg observed with 0 kg P/ha and 0 kg N/ha to 150.8 and 186.6 kg/kg that
ed from combined application of 75.9 kg P/ha and 150 kg N/ha in RTrials I and II,
ectively. Application of P increased PUE and regardless of N rate, low P at 0 kg P/ha led
2=ro PUE. PUE increased with combined N and P rate from O to 75.9 kg P/ha beyond
2 additional P to 101.2 kg P/ha decreased PUE by 5.5 and 49.9 in RTrals I and II,
pectively (Table 28). 7
Combined application of irrigation water and P also resulted to high potato PUE.
scation of 100% irrigation water together with 75.9 kg P/ha compared with 40%
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g=ton water and 0 kg P/ha increased the PUE by 148 and 162.4 kg/kg. Irrespective of
mon water rate, 0 kg P/ha application resulted to zero PUE (Table 29) '

27: Effect of irrigation water, N and P rates on potato NUE

Irrigation water (% FC) P rate (kg P/ha)
100 65 40 Mean 0 506 759 101.2 Mean
Oc* Oc Oc 0 0b Oc Oc Oc 0

35.1b 36.5b 173b 298 279a 288b 32.1b 304b 2938
44 8a 43.6a 273a 386 302a 35.6a 419 46.6a 386
40.4a 45.6a 239a 366 286a 33.7a 395a 448 366

315 30.1 17.1 217 245 284 305
48(N,P) 3.8(W)
152
I
Oc Oc Oc 0 Oc Oc Oc 0d 0

46.1b 4470 283b 397 357 3713b 3956 463c 397
60.2a 64.6a 3932 548 447a 484a 533a 7282 348
44.2b 46.8b 299b 403 324b 339b 433b 51.7b 403

37.7 39 24.4 380 288 B4 48
54(N,P) 4.3 (W)
14.5

s followed by the same letter(s) along the column for different irrigation water and P are not significantly
at at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant Difference.
separation was done within each season.

Economic analysis

The net economic benefit (NEB) significantly depended on irrigation, N and P rates.
bination of irrigation water with either N or P, and that of N and P also influenced the
s benefit of seed potato production per unit area (Appendix 35). Irrigation water and N
s significantly increased the NEB of seed potato production enterprise from Ksh. 260,923
332,046 when low irrigation water rate of 40% was integrated with low N application
of 0 kg N/ha, compared to Ksh 738,199 and 877,021 obtained with integration of 65%
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lon water rate and high N application rate of 112.5 kg N/ha in RTrals I and II,
ively (Table 30). '

28: Effect of irrigation water, N and P rates on potato PUE

I Irrigation water (% FC) P rate (kg P/ha)
100 65 0 0 506 759 1012
71.6b* 66.3b 4839a Oa 66.8b 97.2c 85.2c
77.5b 72.3b 503a Oa 69.8b 107 3b 89.7b
111.5a IQS.Sa 592a QOa 97.1a 140.7a 130.8a
122.3a 123a 553a Oa 104.7a 150.8a 145.3a
17.5(N,P) 13.8(W)
20

II
89.5bc 80.7b 63.8a Oa 95.3a 132.8¢ 83.9d
79.4c 94.1b 759a Oa 103.4a 128.7d 100.5¢
93.1b 124 3a 79.8a 0Oa 74.8b 151.1b 170.3a
133.3a 123.3a 658 Oa 106.5a - 186.6a 136.7b
159(N,P) 12.6 (W)
14.8

followed by the same letter(s) along the column for different irrigation water and P rates are not
different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
. Mean separation was done within each season.

29: Effect of irrigation water and P rates on potato PUE

P rate (kg P/ha) in RTrial I P rate (kg P/ha) in RTrial I
0 50.6 759 1012 |0 50.6 759 1012
0.0c*  96.7b 14%a  138a |0.0d 97.4c 162.4a 135.50
00c  101.3b  136.6a 129.5a | 0.0d 109¢ 171.1a  142.2b
0.0c  55.8b 8732 70.7ab | 0.0c 78.5b 11592 90.9b
175(P) 13.8(W) 159 126(W)
%) 20 14.8

followed by the same letter(s) along the row for different ilﬁgatiur-l water and P rates are not
y different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
. Mean separation was done within each season.



R vin rte (kp

Irrigation rate (% FC) 0 75 112.5 150 0 50.6 75.9 101.2
100 215365¢*  320247b 449208b 447944b  218305b 299293b 453978b 461187b
65 362278a 510025a 738199a 633455a  403935a 510964a 681385a 647674a
40 | 260928b 295984b 423101b 410775¢  240824b 316050b 428793b 405121c
MSD (W) 28788 '
MSD (N) 36533

MSD (P) 36533

CV (%) 13.96

RTrial I

100 274545¢ 422706¢ 602229 561626b  309519b 401614b 577916b 572058b
65 454736a 637742a 877021a 8343442  509966a 634901a 836000a 822975a
40 332046b 432665b 576698¢ 558864b  329456b 427336b 578472b 565010b
MSD (W) 28991

MSD (N) 36790

MSD (P) 36790

CV (%) 10.9

*Means followed by the same letter(s) along the column for different irrigation water with N and P rates are not significantly different at °<0.05 according to Tukey’s

Studentized Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season.
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NEB significantly increased with integrated application of irrigation water and N rate
2 40% up to 65% FC, after which it slightly declined with 100% FC irrigation rate and
ed application of N beyond 112.5 kg N/ha. Integration of 65% compared to 40%
mestion water with 112.5 kg N/ha increased the seed potato NEB by KSh. 315,098 and
W 323, Increasing the irrigation water beyond 65% to 100% FC together with 112.5 kg
2 decreased the seed potato NEB by KSh. 288,991 and 274,792 in RTrials I and 1I,
sectively. A low NEB was recorded when 100% and 40% irrigation rates were integrated
low and high N application rates, respectively (Table 30).

Similarly application of irrigation water from 40% to 65% FC together with P from 0
> 75.9 kg P/ha increased the seed potato NEB beyond which it reduced. The highest NEB
seed potato production enterprise of Ksh 681,385 and 836,000 resulted from integrated
miscation of 65% irrigation water and 75.9 kg P/ha compared to the lowest which was Ksh.
305 and 309,519 obtained with integration of 100% irrigation water and 0 kg P/ha.
sereased integration of irrigation water from 40% to 65% FC together with P application rate
0 to 75.9 kg P/ha increased the NEB by Ksh 252,592 and 257,528 in RTrials I and 1,
ectively (Table 30).

Integration of N and P also significantly increased the seed potato production
zprise NEB. The highest NEB was Ksh 661,747 and 847,727 that resulted from integrated
scation of 101.2 kg P/ha and 112.5 kg N/ha. Increasing N and P application from 0 kg
and O kg N/ha to 101.2 Eg P/ha and 112.5 kg N/bha increased the NEB by Ksh. 490, 210
619,591 in RTrals I and 11, respectively (Table 31).

Effects of Irrigation Water, N and P Rates on Postharvest Physiological
racteristics of Seed Potato Tubers and Their Resultant Growth
Seed potato tuber relative weight loss

The relative weight loss of seed potato tubers at 90 days after storage (90 DAS)
emficantly depended on irrigation water, N and P rates. Integration of irrigation water with
er N or P also significantly influenced the relative weight loss of the seed potato tubers.
at differences were also observed from combination of N and P rates in both PTrials [ and
ppendix 36). |

A lower relative weight loss during storage was observed with low irrigation water

of 40% compared to 65% and 100%. A relative weight loss of 12.4% and 10.5% was
zrved with high compared to 7.5% and 5.9% for low irrigation water Iﬁte both in PTrals [
11, respectively (Table 32).
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31: Effect of integrated N and P rates on seed potato net economic benefit (Ksh)

N rate (kg N/ha) in

(kg P/ha) 0 75 His 150
171537c* 256139¢ 358061c 472813c
234775b 347036b 447114b 365016b
350134a - 461469a 599341a - 6296493
361645a 43702%a 661747a 603170a
36533
36533
13.96
228136d 350748c 515291d 437747¢
310829¢ 478364b 595218c 567391b
471690a 593657a 783027b 808142a
404448b 568049a 847727a 793166a
36790
36790
10.9

followed by the same letter(s) along the column for different N by P rates are not significantly different
03 according to Tukey’s Studentized Range Test. MSD = Minimum Significant Difference. Mean

was done within each season.

The 100% compared to 40% irrigation water rates together with 0 kg N/ha increased
ive weight loss at 90 DAS. Nitrogen decreased the relative weight loss of seed potato
regardless of the irrigation water rate (Table 32). Weight loss decreased from 12.4%
10.5% with low N rate of 0 kg N/ha to 9.9% and 7.8% with high N rate of 150 kg N/ha,
supplied with 100% irrigation water rate in PTrials I and II, respectively. With low
jon water rate, weight loss reduced from 7.5% and 5.9% to 7.1% and 5.4% both with
Sow and high N rates of 0 and 150 kg N/ha, respectively. Greater reduction in weight loss
with high compared to low irrigation water rate when high N rate of 150 kg N/ha
supplied However, significant decrease in weight loss was only evident where high
ion water rate was supplied. Application of high N rate did not significantly decrease

1ght loss of seed potafo tubers where 40% and 65% irrigation water rates were supplied
32).
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32: Effect of irrigation water, N and P rates on relative weight loss (%) of seed potato
at 90 DAS ' '

N rate (kg N/ha) P rate (kg P/ha)
0 75 1125 150 Mean 0 506 759 1012 Mean

100 12.4a* 11.3ab 10.7bc 99¢ 11.1 12.7a 11.2b 106¢c 9.8d 11.1
o5 - 938 92a 88a 8§72 89 - 94a 3% - 3% 4% 39
40 75a 74a 7la 71 73 76 T4 - 706 5913

g7  BA &S 8.6 98 92 -RYRS
1L4N) 05¢P) L1(W)
37

100 1052 93ab 87bc 7.8c 9.1 11.1a 916 83¢ 79 9.1
65 73a 6.8a 6.5a 64a 67 75a 68 66b 6.1c 6.7
40 509a S6a S5 54a 56 68 53b 52b 5.1b 5.6

25 12 e 6.6 84 71 &7 64
1.4(N) 0.5(P) LIW).
59

followed by the same letter(s) along the row for N and P rates by irrigation water rate are not
ly different at P < 0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
. FC=Field Capacity. Mean separation was done within each season.

Similarly, P application decreased the relative weight loss of seed tubers regardless of
amigation water rate. The relative weight loss of seed tubers decreased with increases in P
However, significant differences between the P rates were only evident with 100%
ion water rate. With 40% and 65% irrigation water rates, significant decrease was only
up to 50.6 kg P/ha after which high rate of P up to 75.9 and 101.2 kg P/ha did not
tly decrease the relative weight loss of seed potato tubers. Like N application,
reduction in relative weight loss was observed when high P was combined with high
water rate (Table 32).

Seed tuber firmness

Seed potato firmness (kgf) or sofiness at harvest was significantly dependent on the
of irrigation water, N and P application. There were no consistent effects on the
jon of the irmigation water, N and P application in both PTrals (Appendix 37).
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arly irrigation water, N and P application significantly affected the firmness of the seed
0 tubers 90 DAS. In storage, integration of N and P significantly affected the seed potato
sess (Appendix 38).

Irrigation water application significantly decreased the seed potato firmness at harvest
10.4 and 11.4 kgf with 40% application to 9.2 and 10.2 kgf with 100%, an equivalent
e of 1.2 and 1.3 kgf in PTrials 1 and I, respectively (Table 33). Potatoes which
swved 40% irrigation water had more firm seeds compared to those supplied with 100%. In
while high irrigation water application decreased the seed potato firmness, N and P
scation significantly increased their firmness. Application of high N rate at 112.5 kg N/ha
sared with low N rate of 0 kg N/ha increased the seed potato firmness to 10.1 and 11.2
from 9.5 and 10.3 kgf an equivalent increase of 0.6 and 0.9 kgf in PTrials I and II,
ectively. However, high N application from 112.5 kg N/ha to 150 kg N/ha significantly
sed the seed potato firmness.

Application of P also increased the seed potato firmness from 9.1 and 9.9 kgf with 0
* ha and a constant increase was observed up to 10.6 and 11.6 kgf with high rate of 101.2
Pha, which was an increase in firmness by 1.5 and 1.6 kgf both in PTrials I and II,
sctively (Table 33). Furthermore, firmness of the seed potato was also sigmificantly
sndent on the irrigation water supplied in the field. After 90 days storage, potatoes which
supplied with high irrigation water were less firm compared to those which received
arigation water. The 100% irrigation rate had a firmness of 5.9 and 6.7 kgf compared to
and 8.1 kef observed with 40% irrigation rate in PTrials I and II, respectively. High
ed to low irrigation rate led to reduction of the seed potato firmness after storage by
#nd 1.5 kgf in PTrials I and 11, respectively (Figure 7).

Application of N and P fertiliser also maintained the firmness of seed potato tubers at
DAS. However, application of high N rates of 112.5 to 150 kg N/ha regardless of P rate
0 a decrease in the seed potato tuber firmness by 0.1 and 0.3 kgf after storage in PTrials I
II. In contrast, high P rates significantly enabled the seed potato tubers to remain firm
after storage. Regardless of N rate, better firmness was observed in seed potato tubers
101.2 kg P/ha was applied compared to 0 kg P/ha. High compared to low application
maintained thé seed potato tuber firmness at 90 DAS by 1.2 and 1.8 kgf in PTrials [ and
s=spectively (Table 34).
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33: Effect of irrigation water, N and P rates on seed potato firmness (kgf) at harvest

=zation water rate (% FC) PTrial [ PTrial I
9.2¢* 10.2¢
9.8b 10.8b
10.4a 11.4a
0.2 0.2

mate (kg N/ha)
9.5¢ 10.3d
9.8b 10.7¢
10.1a 11.2a
9.8b 11b
0.3 0.2

(kg P/ha)

9.1d 9.9d
9.6¢ 10.6¢
10b 11b
10.6a 11.6a

5D (P) 0.3 0.2

i (%) 4.6 3.1

followed by the same letter(s) for each trial and factor are not significantly different at P<0.05
2 to Tukey’s Studentized Range Test. Interactions were not significant at P<0.05. MSD = Minimum
nt Difference. FC= Field Capacity. Mean separation was done within each season.

2. Seed tuber total solu bl;a solids concentration (%)
Seed potato tuber total soluble solids (TSS) significantly depended on the irrigation
N or P rates or -either of their combinations at harvest (Appendix 39). Furthermore,
seed potato TSS significantly depended on the irrigation water, N or P rates.
o1, integration of the irrigation water with either N or P, or N with P combination did
enificantly affect the seed potato tuber TSS in both PTrials I and II (Appendix 40).
Irrigation water application decreased the TSS in seed potato tubers across all N rates.
arigation rate of 100% decreased the TSS to 5.5% and 5.5% compared to 40% which
sed the TSS to 6.0% and 6.1% when low N rate of 0 kg N/ha was supplied in PTrials I
B respectively (Table 35). |
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Figure 7: Effect of irrigation water rate on seed potato firmness (kgf) at 90 DAS

Table 34: Effect of N and P rates on seed potato firmness (kgf) at 90 DAS

PTrial I PTrial 11
P rate N rate (kg N/ha) N rate (kg N/ha)
(kg P/ha) 0 75 1125 150  Mean | 0 75 1125 150  Mean
0 54d* 56d 59d 5.6d 57 |54d 5714 76d 724 65

506 6c ~6lc 62 62 62 j6lc 68 Blc 78 72
759 65b 66b 67b 6.5b 66 |68 71b 84b 81b 76
101.2 69 68a 69 68a 69768 - - 798 .89 -. 8648 83
Mean 6.2 6.3 6.4 6.3 6.5 6.9 83 79

MSD (P) 0.1 0.2

MSD(N) 0.1 02

CV(%) 29 3.8

*Means followed by the same letter(s) along the column for different N by P application rates are not
significantly different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant
Difference. Mean separation was done within each season.

Regardless of N rate, high compared to low rate reduced the TSS by 0.3% and 0.3%
in PTrials I and II. Nitrogen significantly increased the TSS regardless of irrigation rate
progressively from 0 to 150 kg N/ha, except with 100% irrigation water where non-
significant increase was observed. However, higher increases in TSS were recorded with 40%
followed by 65% irrigation water rate. Across all N application rates, 100% irrigation water
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ded the lowest TSS both in PTrials [ and II. Similarly, P rates from 0 to 101.2 kg P/ha
ificantly increased the TSS, regardless of irn'gétion water. Highest TSS was recorded
101.2 kg P/ha and 40% irrigation water, while integration of 0 kg P/ha and 100%
on had the lowest TSS. Regardless of irrigation rate high compared with low P rate
zased TSS by 0.9% and 0.8% both in PTrials I and II, respectively (Table 35). |
Integration of N and P ‘signiﬁcanﬂy increased the TSS of seed potato tubers. Increased
cation of both N and P from low to high rate increased the seed potato tubers TSS from
and 5.5% to 6.7% and 7.1%, which was an equivalent increase of 1.4% and 1.6% in
2als [ and I, respectively. The seed potato TSS progressively increased with integration of
d P rates (Table 36).
After 90 days storage the TSS reduced compared with that recorded at harvest. TSS
e at 90DAS significantly depended on individual effects of irrigation water, N and P
= High irrigation water rate of 100% significantly decreased the seed potato TSS to 4.4%
4.7% compared to 5.5% and 5.7% recorded with 40% irrigation water rate in PTrials I
I, respectively. However, contrary to high irrigation rate, which led to reduction of TSS
age, high rate of either N or P from 0 to 150kg N/ha and 0 kg P/ha to 101.2kg P/ha
sficantly maintained the TSS in both PTrials (Table 37).

Seed potato tuber sprouting characteristics

After 90 days of storage, sprouting capacity of seed potato tubers significantly
mended on the individual effects of irrigation water, N and P rates, but was not affected by
@ combinations (Plate 6, Appendix 41). The sprout length other than being significantly
endent on irrigation, N and P rates was also affected by the integration of irrigation water
P rates (Appendix 42).

Irrigation water rate significantly decreased the number of sprouts and percentage
ing. High irrigation rate of 100% reduced the number of sprouts to 3.8 and 4.7,
ed to intermediate irrigation water rate of 65%, which increased them to 4.7 and 5.7,
zh was equivalent to 0.9 and 1.1 sprouts reduction in PTrials I and II, respectively.
ion water rate of 100% had 58.9% and 66.4% sprouting compared to intermediate
sestion water rate of 65%, which had 67.3% and 81.6% sprouting in PTrials I and II,
zctively. Nitrogen significantly increased the number of sprouts and the percentage
sting of seed potato tubers (Table 38). \

Application of N from 0 to 150 kg N/ha significantly increésed the number of sprouts
3.8and 4.6 to 4.8 and 5.5, and sprouting from 54.8% and 66.3% to 68.7% and 78.6% in
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PTrials [ and 11, respectively. However, non-significant increases were observed between 0
and 75 kg N/ha, and between 112.5 and 150 kg N/ha in both PTrials.

Plate 7: Effect of irrigalion water, N and P rates on seed potato tuber sprouting
characteristics

Increase of P rate from 0 to 101.2 kg P/ha also significantly increased the number of
sprouts and the percentage sprouting of seed potato tubers. The number of sprouts increased
%om 3.8 and 4.5 to 4.8 and 5.7, and sprouting from 53.6% and 64.7% to 67.9% and 81.4%
ith 0 and 101.2 kg P/ha in both PTrials (Table 38). Comparatively, higher sprout numbers
a better percentage sprouting were observed in PTrial II compared to PTrial I, regardless
irrigation, N and P rates (Table 38).
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35: Effect of irrigation water, N and P rates on seed potato total soluble solids content
at harvest

PTrial I N rate (kg N/ha) P rate (kg P/ha)
0 75 1125 150 {0 506 - 759 1012

100 550" 6b 6.2a 625 55d 58 6 6.3a
65 3.7 6b 6.2a 62ai56d 5% 62b 64a
40 6¢c 6.2b 6.3b 65a|57c 62b 6.6a 67a
MSD 01N) ., 0.1(P) 01(W)

CV(%) 38

PTrial II

100 5.5¢ 6.2b 6.4a 64a |59d 6.1c 62b 6.3a
65 5.8d 6.3¢c 6.4b 6.5a |59d 62¢c 63b 6.6a
40 6.1d 6.3¢c 6.5b 68 |58d 63c 66b 6.9a
MSD 0.1(N) o01(P) O01I(W

CV(%) 24

followed by the same letter(s) along the row for different N and P rates with irrigation water are not
different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

. Mean separation was done within each season.

36: Effect of N and P rates on seed potato total soluble solids content (%) at harvest

PTrial I PTrial I

N rate (kg N/ha) - N rate (kg N/ha)

0 75 112.5 150 0 75 112.5 150
330" 5.7d 5.6d 5.7d 5.5d 6d 59dd 5.9d
5.7b 5.9¢ 6¢ | 6.3¢ 5.7¢ 6.2¢ 63c  6.4c
5.9a 6.2b 6.4b 6.6b 5.9b 6.3b 6.4b 6.8b
5.9a 6.4a 6.7a 6.7a 6a 6.5a 7a 4.1
0.1N) 0.1(P) 0.1(N) 0.1(P)

(%) 3.8 24

followed by the same letter(s) along the column for different N by P application rates are not
y different at P<0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant

. Mean separation was done within each season.
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37: Effect of irrigation water, N and P application rate treatments on seed potato total
solids concentration at 90 DAS

water (% FC) PTrial I PTrial II
4 4c* 47c
4.8b e
5.5a 57a
W) 0.1 0.1
(kg N/ha)
4.6d 49d
4.8¢c S.1c
5b 5.3b
5.3a 5.5a
™) 0.1 0.1
(kg P/ha)
4.4d 4.3¢
4.9¢ - 15.2b
5.1b 5.3a
5.2a 5.4a
P) 0.1 0.1
) 34 24

followed by the same letter(s) along the column for different irrigation water, N and P rates are not
ty different at P<0.05 according to Tukey’s Studentized Range Test. Interactions were not significant
0.05. MSD = Minimum Significant Difference. Mean separation was done within each season.

Increasing N rate from 0 to 150 kg N/ha significantly increased the seed potato sprout
from 7.8 and 3.2 cm with 0 kg N/ha to 12.0 and 5.63 cm with high N rate at 150 kg
m both Trials (Figure 8). However, higher sprout length was observeg in PTrial 1
to PTrial II regardless of irrigation, N or P rates. Overall, lower number of sprouts
percentage sprouting were observed with high irrigation water rate when coupled with
rates of both N and P fenilirser in both PTrials I and II, respectively (P < 0.05).
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38: Effect of irrigation water, N and P rates on sprouts and sprouting percentage

Number of sprouts : Percentage sprouting
ion water (% FC) PTrial I PTrial II PTrial I PTrial I
3.8¢c* 4.7c 53.9¢ 66.4c
4.7a 5.7a 67.3a 81.6a
4.3b 5.1b 61.3b 72.3b
0.2 0.2 29 29
(kg/ha)
3.8¢c 4.6¢c 54 8¢ 66.3c
4.1c 5.1b 37.9¢ 72.2b
4.3b 5.4a 61.9b 76.6a
4.8a 5.5a 68.7a . 78.6a
0.3 0.3 3.6 3.8
(kg/ha)
3.8d 4.5d 53.6d 64.7d
4.1c 5¢c 58.3¢c 71.4c
4.4b 5.3b 63.5b 76.2b
4.8a 5.7a 67.9a 8l.4a
0.3 0.3 3.6 3.8
9.6 83 9.6 83

followed by the same letter(s) along the column for irrigation water, N and P rates of each PTrial are
wmegnificantly different at 7 < 0.05 according to Tukey’s Studentized Range Test. Interactions are not
y different at P < 0.05. MSD = Minimum Significant Difference. Mean separation was done within
season. |

The sprout length at 90 DAS also significantly depended on irrigation water and P
Low irrigation water rate at 40% together with low P rate of 0 kg P/ha reduced the
length to 4.7 and 3.2 cm compared to0 9.9 and 4.1 cm recorded for high irrigation water
of 100% with the same P rate of 0 kg P/ha in both Trials. However, application of high P
at 101.2 kg P/ha significantly increased the sprout length to 8.9 and 4.4 cm with 40%
1on water rate compared to 16.2 and 7.4 cm observed with 100% irrigation water rate in
Trals. Low compared to high irrgation water rate decreased the sprout length, whereas
rates of P increased the sprout length (Table 39). '
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14 -| #PTrial I =PTrial I1

Sprout length (cm)

0.0 75.0 125 150.0
Nitrogen rate (kg N/ha)

Figure 8: Effect of N rate on seed potato sprout length at 90 DAS

Table 39: Effect of irrigation water and P rates on seed potato sprout length

PTral 1 P rate (kg P/ha) N rate (kg N/ha) in
Bmigation water (% FC) 0 50.6 759 1012 0O T 112.5 150

9.94* 112c  13.6b 162a 107d 11.7c 132b 153a
7d 81c  99b 129a 74c 79c 103b 125a
4.7¢ 52c 75b 89a 54c 59c 68b 82a
0.7(P,N) 0.6 (W)
(%) - 9.6

PTrial II
41d 51c  56b 74a 41d 55¢ 59 67a
3.2d 41c 48 S55a 31d 43c 49 53a
32¢ 37b  39ba 44a 24c 34b 46a 49a
0.4 (P,N) 0.4 (W)

CV (%) 46

*Means followed by the same letter(s) along the row for irrigation water by P or N rates are not significantly
d&fferent at P < 0.05 according to Tukey’s Studentized Range Test. MSD = Minimum Significant Difference.
Mean separation was done within each season.




Seed potato tuber field performancé evaluation
. Number of stems and plant height
In the postharvest evaluation the number of stems, stem density, and plant height at
5. 50 and 57 DAP significantly depended on individual effects of irrigation water, N and
mes (Table 40; Appendices 43, 44, 45, 46, 47, and 48). '
 The different urrigation water rates during the growth of the potato crop at production
significantly affected the growth pattern of the resultant potato plants in the field. The
stem number, stem density and height significantly depended on the amount of
pon water supplied earlier on. Seed generated from potatoes that received high
jon water rate at 100% had the least number of stems, stem density and height
ed to 40% and intermediate 65% irrigation water rates. The 65% irrigation water
=d in seed potato which generated more vigorous plants which had greater stem
stem density and stems with greater height. However, regardless of the amount of
uTigation water supplied the height of the resultant plants increased throughout the
& period but higher increases were observed with plants from seed which were
m=ted using low irrigation water. The stem numbers, density and height in resultant plants
=msed from those generated from potato seed grown with 40% and were highest with 65%
which they reduced with 100% irrigation water rate. For example 100% compared with
amigation water rate reduced the stem numbers, density and height 57 DAP by 1.3 and
15.1and 12.6, and 13.4 cm and 10.3 cm in PTrials I and II respectively (Table 40).
Unlike high irrigation water application which did not favour the fast growth of the
ant potato plants, N and P application led to production of seed potato whose resultant
were very vigorous. Low N rate of 0 and 75 kg N/ha non-significantly increased the
ant potato plants stem numbers and stem density until after 112.5 kg N/ha application.
ant plants of potato seed that had received 112.5 kg N/ha had more stems and higher
density. However, 150 kg N/ha potato seeds did not express in the field significantly
nt from the 112.5 kg N/ha generated ones. Plant height was similarly affected by N
zation. There were non-significant increases in plant height up to 112.5 kg N/ha from 22
DAP after which there was a significant decrease in plant height 57 DAP with 150 kg
generated plants (Table 40). |
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Plant height for vanious DAP (cm) ; Plant height for various DAP (cm)
Irrigation rate (% Stem Stem 22 36 50 57 Stem Stem 22 36 50 57 3
FC) number density numbers  density
100 2.5¢* 34.6¢ 8c 23.9¢ 52.3¢c 70.5¢ 3.9¢ 46.9¢ 5.9¢ 17.7¢ 3l.7e 49 8¢
65 4.2a 49.6a 12a 32.2a 64.9a 83.8a 5a 59.5a 8.4a 23.4a 45.6a 60.1a
40 3.6b 42.7b 10.8b 28b 58.6b 76.9b 44 52.1b 7.5b 20.4b 40.9b 54.9b
MSD (W) 0.4 4.6 0.6 1.4 2.4 4.6 0.3 4.1 0.5 0.9 19 . 73
Nitrogen rate (kg N/ha) | ‘
0 3.1c 36.6b %1 23.7d 53.%¢ 70.7¢ 3.9 45.8b 6.8¢c 17.7¢ 38.7¢c 50.9b
75 . 3.4be 40.8b 10.2b 27.2¢ 57.9b 75.1bc | 4.3b 50.4b Tbe 19.8b 39.9bc 53.2b
112.5 3.9a 46.8a 10.6ab 29.2b 59.4b 799ab | 4.9a 58.9a 7ab 21.8a 428ab  56.5a
150 3.8ab 45.1ab 11.3a 32.2a | 63.7a 82.5a 4.8a 56.3a 7.9a 22 8a 44 3a 59.1a
MSD (N) A 0.5 5.8 0.7 1.7 3.1 5.8 0.4 52 0.6 1.2 2.8 2.9
Phosphorus rate (kg P/ha) :
0  2.8b 32.9b 8.2d 24 3d 53.4b 66.4¢ 3.6¢ 42.2¢ 5.8d 18.3d 38.5¢ 49.5d
50.6 3.2b 38.2b 9.5¢ 27.5¢ 55.9b 73.2b 4.2b - 49.7b 6.6¢c 19.9¢ 399bc 52.9¢
75.9 3.9a 46.8a 10.9b 29.2b 613a 81.8a 4.9a 58.3a 7.7b 21.2b 41.2b 57.2b
101.2 4.3a 51.4a 12 4a 31.3a 63.6a 86.8a 5.2a 61.3a 9.1a 22.6a 46a 60.3a
MSD (P) 0.5 5.8 0.7 7 3.1 5.8 0.4 S 0.6 1.2 2.5 2.9
CV (%) 8.7 11.1 115 9.8 8.5 12.2 6.5 7.9 12.7 98 9.8 8.45

*Means followed by the same letter(s) along columns for different irrigation water, N and P application rates are not significantly different at P<0.05 according to Tukey’s

Studentized Range Test. Interactions were not significant at P < 0.05, MSD = Minimum Significant Difference. Mean separation was done within each season.
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Generally, the stem numbers and density increased from low N rate at 0 kg N/ha to
kg N/ha after which there was a decrease. High application of N at 150 kg N/ha
pared with 112.5 kg N/ha in potatoes produced seed which led to decrease in the stem
pers and density of resultant plants by 0.1 and 0.2, and 1.7 and 2.6 while the plant height
ed at all growth stages in PTrals I and II, respectively. Furthermore, application of P
otato crop field produced seed potato whose resultant plants expressed significant
ences in stem numbers and density, and including plant height. However, for stem
significant differences were observed from P rate, 50.6 kg P/ha after which there
non-significant increases beyond 75.9 kg P/ha. In most of the growth stages plant height
ssively increased with increase in P rate both in PTrials I and II (Table 40).

Tuberization

The number of tubers: harvested from plants established from seed potato that was
muced with different irrigation water, N and P application rates significantly varied
Mween the different potato plants evaluated (Table 41; Appendix 49).

Number of tubers per plant increased from potato seed that had received low
aon water at 40% together with 0 kg N/ha and 0 kg P/ha to those that was raised under
aediate irrigation water rate at 65% together with 112.5 kg N/ha and 75.9 kg P/ha both
nals [ and T, respectively (Table 41). Seed that received low irrigation water application
*s significantly produced more tubers per plant compared to those that received 100%
ot better than 65% irrigation water (Plate 7). Application of 100% compared with 65%
jon water to seed potatoes regardless of N and P application rates led to decrease in
= numbers (tuberization capacity) in resultant plants. The highest number of tubers per
peant plant was 16.7 and 22 observed with seed potato that was raised with 65% FC
er with 112.5 kg N/ha and 75.9 kg P/ha both in PTrials I and II. The lowest number of
s per resultant plant was 4.3 and 8.3 observed with seed potato that was raised with
% FC together with 0 kg N/ha and 0 kg P/ha. When high irrigation water at 100% FC was
eeated with 112.5 kg N/ha and 75.9 kg P/ha the‘ resultant plants from the generated seed
@aced 11.7 and 13.3 tubers compared with 16.7 and 22 tubers observed with seed potato
P was raised with 65% irrigation water which was an equivalent decrease of 5 and 8.7
s in PTrials [ and II, respectively. Therefore, increasing irrigation water beyond 65% FC
2=d the postharvest tuberization capacity of seed potato tubers.

Furthermore, N and P application affected the postharvest field performance of seed
» produced. Production of seed potato through application of N from 0 to 112.5 kg N/ha
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together with 65% irrigation water led to increased number of tubers produced by the
resultant plants from 8.3 and 11.3 to 11.7 and 16.7, which was an equivalent increase of 3.4
and 5.4 tubers in both PTrials I and I, respectively. Therefore, increase in N application from
0 kg N/ha to 112.5 kg N/ha during seed production increased tuberization capacity of the
resultant plants. However, increase in N application to 150 kg N/ha in the field produced seed
potato whose resultant plants were characterised by significantly low number of tubers than
those produced by 112.5 kg N/ha generated seeds (Table 41).

Unlike N, seed potato where P was applied from 0 to 101.2 kg P/ha resulted in
significantly higher number of tuber production per resultant plant. Higher number of tubers
was observed with plants whose seed potato was from field plants where high P rates were
applied. When integrated with 65% irrigation water and 112.5 kg N/ha seed potato from
where low P rate of 0 kg P/ha was applied resulted in plants that produced fewer tubers
amounting to 8.3 and 11.3, compared to 16.7 and 22 produced by plants from seed potato
supplied with 75.9 kg P/ha in the field which was an equivalent increase of 8.4 and 10.7
{Table 41).

Overall, low to intermediate irrigation water, high N and P application rates at 112.5
%2 N and 75.9 kg P/ha resulted in seed potato which when established in the field the
- resultant plants produced more tubers (greater tuberization).

Increasing irrigation water
with same N & P decreased

tuberization

Plate 8: Effect of irrigation water rate on tuberization capacity of the resultant plants



41: Effect of irrigation water, N and P rates on post-treatment performance evaluation

1zation capacity

Tuber numbers per plant RTrial I | Tuber numbers per plant RTrial I

P rate (kg P/ha) P rate (kg P/ha)
k2Nha 0 506 759 1012 |0 506 S0 151
B0 43c* Gic 73  83b |[83c 93 12 126
s 73 @ s 876 |87 97b 1276 12.7c
§ §125 83 Sa 11.78 11.7a 113a 11.7a 13.3b 16a
= 150 73b 8 97b 9 97b 123a 143a 15b
0 8.3d 9.7d 1lc 123¢c |113c 14d  15d 18.7b
75 97 1lc  133b 133b [143b 153¢c  18c 19.3b
£ 1125 117a 147a 1672 1532 |167a 20a  22a 21.7a
© 150 107 127b 1376 157a |15b  183b 197b  19.3b
F 0 7.7¢ 87¢ 8.7d 8.7¢c 103 1% 12.7¢ 14.7¢
R 75 7 976 113b  13a 126 133b 147 167a
€ 1125 97 1132 12.7a 12b 1472 15a 1732 16.7a
% 150 8w 103b 103¢ 11.7b |123b 1376 14b 15.7b
MSD 1.0(N,P) 0.8 (W) 0.8 (N, P) 0.7 (W)
CV(%) 6.8 44

s followed by the same letter(s) along the column for interaction between same irrigation water, N and P
jon rates are not significantly different at P<0.05 according to Tukey’s Studentized Range Test. MSD =

Significant Difference. Mean separation was done within each season.
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CHAPTER FIVE
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
Effect of Irrigation Water, N and P Integration on Potato Growth and Development

In Kenya, farmers grow seed potato during the rainy season using fertiliser rates of
mercial potato production. In this study, 100% irrigation water rate represented a normal
season, and fertiliser rates were varied from zero to commercial potato production rates.
=x, which is the most important component of life, is rapidly becoming a critically scarce
modity for humans and crop production, and its limited supply is one of the major abiotic
that adversely affect agricultural crop production worldwide in many ways (Waraich
2011a). Proper nutrition is the basic need of every living organism as the nutrients are
only required for better plant growth and development, but they are also helpful to
iate different kinds of abiotic stresses like drought stress. However, recent trends
-ate that productivity and fertility of soils are globally declining due to degradation and
msive use of soils without consideration of proper soil management practices (Gruhn et
2000; Cakmak, 2002).

In the present study, potato plants supplied with high irrigation water, N and P rates
greater sprout emergence, stem number and height, higher leaf stomatal conductance and
ophyll content index, larger LAI and total biomass yield, early 50% flowering and
=d longer to reach physiological maturity than those supplied with lower rates. Potatoes
1ed with 100% irrigation water had better growth and development compared to those
sed with 65%, which had intermediate and those supplied with 40% rate had the least. It
ssible that low irrigation water led to droughty conditions within the potato plant, which
oly resulted in low leaf stomatal conductance and chlorophyll content index and
ently reduced photosynthetic activity. Loggini et al. (1999), and Apel and Hirt (2004)
that drought inhibits or slows down photosynthetic carbon fixation mainly through
g the entry of CO, into the leaf or directly inhibiting metabolism. Probably potato
sed with high compared ;o low irrigation water experienced higher rates of leaf stomatal
ance, which lead to high metabolism and consequently greater chlorophyll content
Chlorophyll is the key pigment involved in the primary reactions‘ of photosynthesis
4 1s the global biological process that provides primary biomass and energy for almost
beings (Shpilyov ef al.,, 2013). High chlorophyll content index might have led to
photosynthetic activity within the potato supplied with high irrigation water. Van der
(1992) reported that insufficient water supply reduces foliage growth and efficiency in
 of intercepted light by reducing the rate of photosynthesis, and consequently stimulating
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ity through death of the leaves. This possibly explains why potato plants supplied with
migation water, N and P mineral nutrients attained physiological maturity earlier and had
x total dry matter (biomass) accumulation.

Nitrogen and phbsphorus are crucial elements required for different roles in potato
growth and development. Low N and P probably impaired potato plant growth and

synthetic capacity. Probably, the low photosynthetic rates due to reduced chlorophyil
et led to limitation of assimilate supply. The potato plants supplied with low N and P
consequently senesced and attained the physiological maturity earlier compared to
supplied with high N, and P rates. Early physiological maturity could have occurred
Secause of achieving the required growth period, but due to nutrient stress (stunting).
i stress may explain the observed low total biomass accumulation, and hence, lower plant
5 and development as observed in potatoes supplied with low irrigation water, N and P
m this study.

The amount of irrigation water, N and P applied was an important factor in
gmining the rate of growth and development of potato plant. [t was observed that the key
ato plant growth and development depended on establishment of more stem numbers
ge LAI that 1s durable through the reproductive phase. This was achieved through high
. son water, N and P rates. Nitrogen is one of the most important nutrients that limit crop
ction. Furthermore, potatoes receiving high irrigation water, N and P rates showed high
al conductance and chlorophyll content probably due to high photosynthetic rate. This
=d in more total biomass production by having taller stems with high shoot and tuber
. Early foliage development due to high irrigation water, N and P rates indicated by
LAI possibly lead to a high interception of solar radiation and radiation use efficiency
mainly due to the greater photosynthetic surface area of the resultant potato crop.
m and Allison (2012) reported that RUE was increased by irrigating and that this was

associated with significant increase in total DM and tuber yield compared with non-
I =d plots. Therefore, LAI could be a significant feature in determining photosynthetic
wy. Kara and Mujdeci (2010) reported that LAI is a key structural characteristic of plants.
' the role green leaves play in controlling many biological and physical processes in
canopies. The increased LAI due to high irrigation water, N and P rates could have
=d In increased photosynthetic capacity and supply of assimilates necessary for high

#h and development. Elsewhere, N has also been reported to increase the total
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arophyll content, meristematic cells and growth, leading to the formation of branches in
don to leaf expansion (Tabassum ef &l., 2013).

A marked difference was observed in total biomass accumulation for different
zation water, N and P rates, which was probably due to differences in leaf area and
osynthetic rates. Amanullah er al. (2010) reported that increased dry matter accumulation
t the haulm in irrigated treatment may be attributed to more synthesis and translocation of
imilates from the haulm and also due to availability of more nutrients from the soil
er different irrigation regimes. Therefore, the high irrigation water, N and P rates might
synergistically enhanced leaf area and photosynthetic rate. The extent of leaf formation
been reported to influence light absorption within a plant and the mechanism behind
ed growth has been attributed to increased leaf area (McNaught ez al., 1983).

The low stomatal conductance and chlorophyll content observed in potato plants that
ived low irrigation water,. N and P rates could have lead to low LAI and consequently to
W interception of solar radiation and hence low photosynthetic capacity to support potato
| growth. Consequently, this resulted in potato plants with lower height, which achieved
— ogical maturity early resulting in low shoot and tuber biomass gain. This suggests that
amigation water, N and P rates could have led to less vegetative and reproductive (tuber)
- Photosynth;:sis m plants has been reported to be as a result of interaction among
ment factors like carbon dioxide concentration, ambient temperature, chiorophyll content,
water and nutrient supply, which influence LAI (Tabassum et al., 2013).

Overall greater growth and development was observed with high irrigation water, N
? rates. However, treatments which received high irrigation water together with low N
£ ¥ rates and vice-versa did not record greater growth and development. This suggests that
of irrigation water, N or P was closely related to the ability of potato plant to utilize
from the soil. Waraich et al. (2011b) reported that when water inside the plant declines
¢ a threshold level, stomata close and decrease transpiration rate resulting in reduction in
transport through the plant, consequently affecting roots ability to absorb water and
as effectively as supposed to be done under normal transpiration. Therefore, it is
able that normal transpiration required certain amounts of irrigation water below which
E Bigh N or P rates cannot lead to greater potato growth and development. It therefore
as there is a synergistic relationship between the irrigation water, N and P rates towards
o growth and development. Probably, availability _of N and P to the potato crop depends
the amount of irrigation water supplied. Furthermore, the utilisation of the applied
gation water by the potato crop depends on the amount of N or P applied.
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Segal er al. (2000) reported that high irrigation amounts and frequency provide

wable conditions for water movement in soil and uptake by roots. However, it is poséible
under moisture stress conditions resulting from low irrigation water rate, mobility of N
£ P was interfered with and therefore curtailing the benefits of these mineral nutrients.
2 ef al. (2010) reported that increased N fertilizer can increase N uptake for a positive
=t on chlorophyll content, photosynthetic rates, leaf expansion, total number of leaves and
matter accumulation. Similarly, in this study, high irrigation water, N and P rates could
mncreased water, N and P uptake by the potato plant which led to a positive effect on leaf
al conductance, chlorophyll content, LAI, and total biomass accumulation. Kumar er
12013) reported that the increased dry matter production when inorganic and organic
are applied is attributable to higher photosynthetic activity and translocation of
psynthates. This probably explains why low potato growth and development was
mved where low irrigation water together with high N or P rates were applied.

Although greater vegetative growth and development was observed with integration
egh immigation water, N and P rates this did not result in the highest total biomass
ation. The results show that integration of 65% compared to 100% irrigation water
sher with high N and P rates results in the highest total biomass production due to greater
e biomass. When integration of high irrigation water, N and P rates supported more of the
mative growth and development, probably it interfered with reproductive growth by
pting high shoot biomass at the expense of tuber biomass.

It can be concluded that for purposes of growing potatoes for seed production,
sration of intermediate irrigation water, high N and P rates encourages balanced growth
development of potato plants. This balance enables potato plants avoid excessive
mstive growth at the expense of the reproductive growth.

Effect of Integration of Irrigation Water, N and P Rates on Seed Potato Tuber Yield
Yield Components

1. Effects on seed potato tuber number, yield and size distribution

The growth, development, and consequently yield of crops are highly influenced by
Sable soil moisture (Alem, 1993). In this study, high irrigation water, N and P rates
essed tuber yield attributes. The number and size distribution of tubers increased with
e increase of irrigation water, N and P rates, but decreased with oversupply. The
st seed potato tuber yield was obtained when 65% irrigation water was integrated with
er N and P application rates.
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The processes involved in seed potato tuber production like vegetative growth, tuber
seed bulking help determine seed potato yield. Potato tuber initiation and bulking are
growth phases that have different sensitivities to low water application (Ahmadi et
11). Therefore, low irrigation water rate could have resulted in water stress during
=t and early bulking growth stages; and hence the greatest reduction in tuber yields.
The number of tubers formed per plant is called tuber set and the number of tubers
sueve maturity is related to available moisture and nutrition (USAID, 2011). Kleinkopf
12003) reported that during tuber initiation stage, tubers are formed on stolons and the
er of tubers carried to harvest is determined by environmental conditions during this
stage. This explains why tuber initiation and set, and their consequent maintenance
crucial in determining the number of tubers per plant, which is a major yield
mant. The number of tubers per plant also depends on the number of stems per plant.
and Hombacher (2002) reported that there is a general relationship between stem
$ers and tuber numbers whereby an increase in stem numbers often indicates an increase
er numbers. It is possible that potato supplied both with low imgaﬂon water, N and P
erienced water and nutrition deficiency stresses, which resulted in fewer stems with
ber set, maintenance and yield at harvest. It has been reported that improvement in
der irrigation may be due to higher availability of soil moisture, which helps in better
uptake by the crop, resulting in assimilation of photosynthates into sinks (Singh,
Thakuria et al., 2004, ‘,'(adav et al., 2009). Therefore, seed tuber number successfully
s=d by a potato plant varies with irrigation water, N and P rates.

Seed potato tuber yield increase is a function of the number of tubers and their relative
s¢ 1n size. The number of seed tubers probably depends on tuber initiation capacity of a
potato plant, and the ability to maintain the initiated tubers until they are mature for
mng. Tuber initiation has been reported to occur over a relatively short period of about
days when potato plants require large quantities of nutrients and water (Tantowijoyo
wan de Fliert, 2006). The high irrigation water, N and P rates might have favoured
on and maintenance of tubers, resulting in high tuber numbers per plant. Tuber set has
reported to be particularly sensitive to moisture stress and there are generally fewer
< set when available soil moisture is maintained below 65% of the available soil water
(WPC, 2003). After inmitiation and maintenance, tubers must also increase in size
the bulking period as this might determine ultimate weight. The total yield depends on
gth of the tuber growing period and the average growth of the tubers §er day (Van Der
1992). At the bulking stage the photoassimilates generated through photosynthesis in
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wegetative phase become critical for the expansion of the tubers. Increased LAI due to
pof water; N and P application might have allowed plants to trap more radiant energy
wed for enhanced photosynthetic activity, which in turn increased the amount of
ssimilates produced and available for seed potato bulking. Increased radiation
s=ption, particularly at the time of tuber initiation has a positive effect on final tuber
{White ez al,, 2007). The high number of seed tubers with greater size led to high yields
s that received higher irmigation water, N and P rates due to the greater LAI that might
® resulted in high accumulation of photoassimilates.

Potato crops need P only during the vegetative growth and tuber initiation stages,
N is required up to tuber bulking stage (Tantowijoyo and Van De Fliert, 2006).
shorus sometimes affects tuber set and therefore is seen as an element contributing to
quality in this respect (Ekelof, 2007). This study showed that integration of irrigation
. N and P fertilizer positively increased potéto tuber yield. Application of 65% irrigation
= followed by 100% recorded the highest tuber yield due to the high number of tubers
=d and maintained, while 40% irrigation water produced the least seed potato tuber
-across all N and P rates. The differences in yield could also be explained by balanced
@ of plants that received 65% irrigation water, N and P supply. It is possible that
Bacation of 100% compared to 65% irrigation water with high N and P rates encouraged
‘ vegetative growth and development at the expense of reproductive growth of tuber
ser and seed potato yield. A potato crop that attains physiological maturity late like those
ied with high irrigation water, N and P rates may have utilized most of the
imilates in maintenance of the vegetative phase than in tuber bulking and
gement, and hence the lower seed potato tuber yield. Tuber bulking and enlargement
mmue as photoassimilates are translocated from the vegetative phase into the tubers
aductive phase) and consequently increase seed potato tuber yield.

The benefit of 65% irrigation water, high N and P rates could have been the provision
pimal conditions, which favoured moderate potato plant growth and development.
2 er al. (2007) reported that water stress reduces nutrient uptake by roots and
portation of nutrients from roots to stems due to restricted transpiration rates and
orane permeability. Water stress primarily reduces potato canopy expansion (Jefferies,
5. Wang er al, 2003, Fleisher ef al. 2008) and can delay tuber imitiation and bulking
moschi and Shimshi, 1985; Walworth and Carling, 2002). Nitrogen and P application
oly led to high rates of potato growth and development, resulting in high LAl and

ally high amounts of photoassimilates. The increase in photoassimilates resulted in
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#=ase in both the number and bulking capacity of tubers. The high tuber and average shoot
| biomasses for potatoes that received high N and P rates suggests that most assimilates
channelled towards tuber growth rather than vegetative growth.

Generally potatoes that received 40% irrigation water, low N and P rates had lower
% and those that received 65% irrigation water and high N and P rates had the highest
2 potato tuber yields. This suggests that the degree of yield response to irrigation water, N
P application decreases markedly as water and mineral nutrient availability for potato
reduces. Potatoes that received 100% irrigation water rate were intermediate in seed
0 tuber yields.

Increasing irrigation Water, N and P rates greatly influenced the seed potato size
sbution. In this study higher quantities of ware potato were obtained with 100% irrigation
e, high N and P rates. This was due to availability of more N and P nutrients for use by
£ potato plants to grow. Potato plants that received high irrigation water, N and P rates
med 50% flowering earlier and took longer period to attaiﬁ physiological maturity. This
1 indicates that they had earlier tuber initiation and longer duration of tuber bulking,
ing in large-sized potato tubers (wares). Correa et al. (2009) reported that the early
s exert dominance over the late tubers and hence at the end of the cultivation cycle, the
s exhibit different sizes. This possibly also suggests that early tuber initiation due to
urigation water, N and P rates rendered the early tubers dominant to develop into more

potatoes and fewer small-sized tubers. Nutrient stress for no fertilizer treatment
acted seed potato tuber size enlargement, resulting in more size I and chat potato tubers.
Bably the soil moisture stressed conditions due to low irrigation water together with the
# N and P rates restricted the seed potato forming processes. El-Ghamry and El-Shikha,
4) reported that potato is relatively sensitive to water stress that leads to yield reduction
& loss in tuber grade. Low irrigation water regardless of N and P rates probably interfered
@ the mobility and uptake of these nutrients by the potato, thereby lowering growth,
zlopment, and provision of photoassimilates required for tuber bulking. Probably the low
1sion of assimilates resulted in decreased bulking capacity and reduction in the size of the
0 tubers to yield more size [ and chat than ware and size II tubers. :
Kleinkopf er al. (2003) reported that the bulking rate of any potato cultivar is a
j mon of the physiology of the plant and its environment. This explains why provision of
urigation water, N and P rates probably led to establishment of a high LAI, which
sed photosynthetic capacity, photoassimilates produced, tuber bulking capacity and |

iportion of ware and size II seed potato tubers. Conversely, lesser vegetative growth led to
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sized tubers due to small LAI source and lesser bulking capacity. The 100% irrigation
sogether with fhe highest N anﬂ P rates led to production of greater proportion of ware-
£ potato tubers that are not suitable for use as seed due to their large size. The highest
of seed potato size I and | was obtained when 65% irrigation water and the highest N
® rates were integrated. This combination also resulted in the highest seed potato yield
it area. Therefore to obtain adequate seed potato tubers, proper irrigation water, N and
al nutrient integration should be adopted.

The harvest index (HI) of seed potato significantly increased with irrigation water, N
= rates. Other researchers have shown that N, an important constituent of chlorophyll,
2 vital role in metabchc'process, and increases LAl by increasing leaf production and
mmsion rate that effect interception of photosynthetically active radiation (PAR) and
ently final dry matter production (Whitefield and Smith, 1989; Asif er al.,, 2012).
oly high irrigation water, N and P rates increased the LAI during the early growing
to intercept most of the incoming radiation and increase photoassimilates for use in
development. With low irrigation water, N and P application rates, decreased seed
» tuber yield could have been caused primarily by reduction in radiation use efficiency
drought was imposed at tuber initiation and bulking stages. Best performance of potato
® depended on availability of irrigation water, N and P during these stages.

A strong correlation was observed between the seed potato yield and the total biomass
Although high biomass was observed for high irrigation water, this suppressed and
zased seed potato tuber productivity compared to vegetative growth, resulting in low HL
result implied that most of the photoassimilates, for treatments that received high
aon water, were channelled to vegetative growth. The 65% irrigation water probably
=d balanced vegetative growth that channelled most of the photoassimilates to tuber
dopment characteristics, resulting in high HL. High N and P rates indicate there were
supply of the requirements for tuber initiation and bulking, resulting in high seed
0 yield and hence greater HI. Higher rate of N has been reported to decrease potato HI
k and Lis, 2000; Belanger et al, 2001) due to excessive growth of the
sground plant parts (Mazurczyk ef al.,- 2009). In the present study higher N and P rates
ed HI possiblyi due to higher aboveground growth at the expense of tuber growth.
Thus integration of higil irrigation water, N and P-rates generally improve potato tuber
i and yield components and is not suitable for increasing seed potato tuber yields. Lower

sation, N and P rates do not lead to economic improvements in seed potato tuber yield.
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Effects on specific density, starch, dry matter, tissue N and P contents

Specific density, starch and dry matter contents increased with irrigation water, N and

N. One of the most important qualities of seed potato is high starch and dry matter
, which are determined by specific gravity. As the specific gravity increased, the
ch and dry matter content of seed potato increased. Therefore, there was a correlation
een specific gravity, starch and dry matter contents. The 100% compared to 40% and
% irrigation rates led to a decrease in seed potato specific density and consequently starch
' dry matter contents. Excessive water, whether from rainfall or irrigation, and a general
w=ase in soil fertility results in tubers with low dry matter (Fernando and Slater, 2010).

The potato plants supplied with high irrigation water could have experienced a high
of growth and development in terms of height, LAI and total biomass. Therefore, most of
photoassimilates were used in maintenance of high growth and development. This
fative growth may have affected the physiological state of tubers, which in tum
ced the growth pattern, specific density, starch and DM contents. Conversely, low to
¢ irrigation water probably decreased potato growth and development, causing
passimilates to be translocated for storage in the seed potato tubers that ended up having
specific density, starch and dry matter contents.

Makaraviciute (2003) reported that dry matter, starch, protein and sugar contents in
D tubers increase or decrease, depending on the mineral fertilizer forms, rates and
=lations. Where 40% or 100% irrigation rates were applied with either low or high N and
=s, seed potato had low specific density, starch and dry matter contents. This suggested
if potato growth and development is either poor or massive due to low or high irrigation
=, N and P rates, the specific density, starch and dry matter contents of the tubers will not
igh. Balanced potato growth and development as a result of 65% irrigation water together
mtermediate N and P rates lead to high specific density, starch and dry matter contents,
pared to the two extremes. ‘

According to this study, low N and P rates had the least specific density, starch and
matter contents. However, high N and P rates did not greatly improve the specific
uty, starch and dry matter contents, compared to intermediate application rates. This
indicates that high N or P rates promoted potato growth and development at the
mse of accumulation of dry matter and starch in the seed potato tubers. Very low levels
% and P decrease starch and dry matter probably by reducing the photosynthetic rate. The
© plant has been reported as being basically a starch factory and over 90% of the dry
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of a potato tuber is a direct result of photosynthetic process (Thornton, 2002). The
A irrigation water, N and P rates probably increaéed growth rates, prompting solids
sumulated through photosynthesis to be rapidly utilized for growth and development as
% were formed, resulting in low specific density, starch and dry matter contents.
Fernando and Slater (2010) reported that unlike P that increases DM, nitrogen has the
i effect in promoting top growth, which if too lush can prolong the growing season
tubers not to bulk but to have lower dry matter at harvest. DM mainly depends on
ity of the potato tuber, composition of the soil, and fertilization conditions (Burt, 1989;
akova et al., 2012). Therefore, low to intermediate N rates increase dry matter content
“wbers, whereas high N rates produced the opposite effect.

The starch and dry matter contents directly influence seed potato quality and growth
e resultant potato crop. Potatoes with a high specific gravity have been reported to
e higher yields than potatoes with low specific gravity (USAID, 2011). Information on
sfic density, starch and DM contents may help explain the different quality characteristics
se=d potato tubers grown using different water and mineral nutrient supply conditions. The
characteristics may affect subsequent commercial potato production. This information
help explain the qualities of seed potato and also their suitability for increased potato
action. These quality charécté:islics are therefore important considerations when
ing potato destined for seed use.

Irrigation water, N and P rates significantly influence N and P contents in seed potato
=s. Low N and P contents in the seed potato tubers resulted in potatoes that received
urigation water together with low N and P rates. Jones e al. (2013) reported that
zen content of tubers was significantly affected by watering regime and it was
antly higher when restricted watering regime was used. Similarly in this study, the
seed potato tuber N and P contents resulted for intermediate followed by low
tion water rates. Application of 100% irrigation water resulted in continuous growth and
Zopment, thereby delaying physiological maturity and limiting deposition of both N and
the seed tubers, as they sustained the late growth. Probably balanced growth, which led
2zh N and P contents observed with 65%, followed by 40% irrigation rates, compared to
*s irrigation rate can be explained by‘the fact that potato plants attained physiological
ity early and minimised use of stored N and P. The 40% irrigation rate might have been -
=d N and P contents due to reduced uptake of the applied N and P by the low available
moisture. In addition, utilisation of the applied N and P by the crop was probably low,

ng the 40% 1rmigation rate emerge second to 65% irrigation rate in terms of tissue N and
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sontents. Similarly, N and P rates also influenced potato growth and development, as well
==d potato tuber tissue N and P contents. Application of P fertilizers has been reported to
e N and Mg contents, but reduce Mn content in tubers (Hammond and White, 2005).
e ef al. (2009) reported that these effects are a result of not only complex interactions
een mineral elements in the soil and uptake by plants, but also of effects of tissue
al composition on redistribution within the plant.

In this study, although high N and P rates stimulated high growth and development,
% increased tuber tissue N and P contents, which are important in improving the seed
0 quality characteristics. High irrigation water delayed physiological maturity and
mded utilisation of photoassimilates that could have been stored in the seed tubers,
ing in low tuber tissue N and P contents.

Effects on water, N and P use efficiencies and net economic benefit

The potato NUE, PUE and net economic benefit increased, while WUE decreased
urigation water, N and P rates. Eléewhere, WUE has been reported to decrease with the
e of irrigation rate or frequency (Amanullah er al,, 2010; Badr er al, 2012). In the
t study, application of 100% irrigation water alone compared to 40% irrigation water
ot lead to high WUE. Probably, high compared to low irrigation water rate alone did not
e efficiency of utilisation of any available nutrients in the soil, thereby resulting in low
h and dévelopment in relation to water supplied. High irrigation water rate alone might
reduced crop growth, available N and P uptake and hence WUE by potato plants. High
on water could have been the only growth factor available in greéter amounts, while
hers were limiting.
Nitrogen and phosphorus application improved WUE. Badr et al. (2012) reported
WUE with N supply in potato, but decreased WUE as the irrigation rate was
zased. This shows that supply of N and P in potato cropping systems is essential for
lling yield and WUE. High WUE was observed as the rate of N and P was increased.
suggests that where low N and P rates were supplied, potato plants did not fully utilise
#zble soil moisture and consequently growth and development were reduced, resulting in
wields. Sufficient quantitiesof P have been reported to stimulate early root growth and
{DAFF, 2013). The low WUE with high irrigation aléne and high WUE with high N
rates probably indicate that better plant performance requires supply of water, N and P
in optimal levels. Low amount of any growth factor reduces utilisation of the ofhers,

if at high rate, thereby reducing plant performance, yield and WUE. Additionally,

102



nent imbalances influence uptake of a single nutrient, even if supplied abundantly.
musek er al. (2009) reported that nutrient additions to intensive agricdtufal systems range
2 inadequate to excess and that nutrient imbalance is a serious problem in soils. Irrigation
me is crucial in determining plant ability to take up the N available in the soil since a
watered crop is more capable to take advantage of the applied fertilizer (Costa er al.,
. This aspect is particularly relevant for estimating WUE at different irrigation, N and P
s and consequently their impact in seed potato production.

The 0 kg N/ha regardless of the irrigation water and P rates lead to zero NUE. This
similar to 0 kg P/ha, which also led to zero PUE. These results suggest that no supply of
zr N or P does not improve their use, because if their levels are limiting within the soil,
will reflect on the final seed potato yield. However, Crop NUE has been reported to
e with increased N supply though the magnitude of the decline is dependent on
swonmental factors outside the supply of N (Andrews and Lea, 2013). High compared to
W umgation rates led to high NUE or PUE. Liu er al. (2012) reported that soil water and
izer management are important in enhancing N uptake and utilization efficiency through
stion of losses in ammonia volatilization. Probably, where high irrigation water was
=d, there was more of the soil water available, which resulted in better uptake and
zation of the N and P applied and consequently increasing their use efficiency by the
> plant in growth and development. Balancing irrigation water, N and P rates is one of
key factors that influence N and P uptake and use. Optimal irrigation water application
significantly reduce any possible loss of both N and P and thus enhance their use. This
suggests that synchronized application of irrigation water, N and P is advantageous
& in improving their availability and utilization, as well as seed potato tuber production
guality. Water deficit in soil may affect nutrient availability and absorption by plant roots
sta ef al., 2009). It is, therefore, crucial to understand that combining water and nutrient
Jefficiencies improves growth, yield and quality of seed potato tubers.

Net economic benefit analysis is a very important component of seed potato
ion enterprise. The gross value of production depends not only on yield, but also tuber
v. Improving seed quality is a key strategy for increasing potato productivity worldwide
i€ et al., 2000). In the present study, the net economic benefit was determined only for
I and II, which are the currently desired seed potato sizes in Kenya. The net economic
showed the suitability of methods adapted for production. The NEB was mainly based
e average yields and the current cost of irrigation water, N and P applied. Irrigation

x. N and P application increased the net economic benefit of seed potato benefit.
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srmediate irrigation water, N and P rates led to higher net economic benefit, compared to
er rates, because they led to ﬁroduction of more quantities of seed sizes [ and I1.

One of the most important considerations while producing seed potatoes is the net
momic benefit per unit area of production. The results obtained indicate that intermediate
sgation water, N and P rates can be adapted to enhance seed potato production and
tribute greatly to the economic viability of seed potato production enterprise.

Effects of Irrigation Water, N and P Integration on Postharvest Physiological
acteristics of Seed Potato Tubers and Their Resultant Growth
Effects on relative weight loss, firmness and total soluble solids
Reduction in seed potato weight after storage can be an indication of deterioration of
22 potato quality and was found to depend on potato growing conditions tested in this
¥. The seed potato tuber relative weight loss decreased with increase in irrigation water
and increased with increase in N and P rates. The seed potato tubers from high compared
} lowest and intermediate irrigation water rates had the greatest relative weight losses.
chin and Iwata (1981) reported that weight loss in stored potato may be due to higher
ration rate, increased membrane permeability and more sprout development. This
sably suggests that potato supplied with high irrigation water rate absorbed more of it into
seed tubers which lead to more water being available for physiological processes such as
iration and respiration and sprouting, resulting in greater weight loss. Sprouting has
= reported to cause increased weight loss and conversion of starch to sugars (Frazier er al.,
. This then suggests that the seed potato harvested from plants grown with low
fion water rate were in a relatively inactive physiological state during storage compared
se harvested from plants supplied with high irrigation water rate, which were probably
ized by high metabolic activities. The water content has been reported to affect the
of metabolic and deteriorative reactions (Vertucci and Roos, 1990).
Neubauer er al. (1967) reported that weight loss resulted primarily due to evaporation
ter. In this study, seed potato tuber weight at 90 DAS was less than at harvest. This
ed throughout the storage period due to a net loss of seed moisture (desorption) to the
wonment. Asofna:ﬁng (2011) reported that all seeds are hygroscopic and automatically
© or desorb moisture by diffusion along a water potential gradient between the seed and
surrounding air. This suggests that when seed potato tubers from high irmigation water
& were placed in storage they lost moisture to the environment due to high initial moisture

et and consequently decreased in weight. However, greater loss in weight was observed
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h potato supplied with high compared to low irrigation water rate, especially when low N
£ P rates were applied. Probably high N and P rates assisted in binding water molecules
thin the seed potato, resulting in low evaporation. This may explain why low irrigation
compared to high N and P rates, experienced high relative water loss.

The seed potato tubers from low or intermediate irrigation, high N and P rates had
# starch and dry matter contents. Gold and Hay (2008) reported that the dry matter in
chy seeds attracts and holds water molecules. This probably explains why the seed potato
grown under high irrigation, low N and P rates experienced greater weight loss at 90
due to low dry matter and starch contents. The weight loss was also attributed to
siological aging of tubers and water loss as seed potato equilibrated its moisture level.
pss of moisture as observed with 100% irrigation rate; has been reported to lead to quality
and non-marketable produce (Kibar, 2012). When low to intermediate irrigation, high N
P rates were applied minimal weight loss resulted during storage. Probably N and P
acation improved the strength and integrity of seed potato membranes, and minimized the
mabolic and deteriorative reactions that lead to weight loss. It is possible that potatoes
ied with high irrigation, low N and P rates were physiologically disadvantaged and .
sequently experienced increased weight loss. Varied seed potato growing conditions had
! ﬁpact on the seed physiological age, which led to varied relative water loss. In general,
most effective treatments to reduce weight loss of tubers were integration of low to
s=mediate irrigation water rates with high N and P rates.

Firmness of seed potato tubers determines susceptibility of the tubers to mechanical

. nes, faulty curing and decay in storage, which lead to rapid deterioration. Potato plants
plied with high compared to low irrigation water produced seed tubers that were less firm.
s was probably because potato plants supplied with high irrigation water experienced high
of growth and development, which may have lowered the physiological state of tubers,
paly tissue strength, integrity and firmness. Most of the photoassimilates produced by the
s might have been used in maintenance of high growth and development at the expense
mbrane strength and integrity. Low and intermediate irrigation water rates probably
ed potato plant growth and development rates, which limited utilisation of most of the
assimilates that then became available for better membrane strength, integrity and
. This result suggests that the latter potato plants were also more efficient in utilizing
d P applied than those supplied with high irrigation water rate.
There was a decrease in seed potato firmness in storage across all treatments. The

e was possibly due to physiological aging of the seed potato tubers. However, more
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 in firmness was observed in seed potato tubers harvested from plots supplied with
wmigation water, low N and P rates. Seed potﬁto tubers from plants supplied with low
water, high N and P rates had minimal firmness reduction. Decrease in firmness has
=nbuted to greater utilization of photoassimilates as substrates in respiration (Burt ef
). The seed potato tubers from high irrigation rate had longer sprouts, occasioned by
son of photoassimilates in energy production during sprouting and respiration during
and hence the decrease in firmness.
The TSS in seed potato tube.rs determines tuber physiology, which affects growth of
sulting potato plants. Maximum decrease of TSS, both at harvest and 90 DAS, was
£ i seed potato tubers harvested from plots supplied with high irrigation water and low
P rates. TSS in seed potato tubers increased with the decrease in irrigation water rate
100% to 40% FC. It also increased from lowest to the highest N and P rates.
z=tion of low irrigation water and high N and P rates may have activated TSS synthesis
increase in enzymes in the seed potato tubers. Potato plants supplied with low
son water might have utilized less of the photoassimilates in growth and development,
2 in accumulation of most of these in the tuber tissues. Potato plants supplied with
migation water could have channeled most of the photoassimilates towards maintenance
growth and development and less in storage in seed tubers. Also the treatments
ped with high N and P rates resulted in more photoassimilates being available for
development and storage in tuber;'s. Bataglia er al. (1985) in Hernandez et al. (1994)
=d that N fertilization may play an important role not only because of the concentration
metabolites, but also because it affects the incorporation of assimilates through the
sase of the photosynthetic capacity. Probably the high N and P application rates increased
getato photosynthetic capacity, resulting in accumulation of photoassimilates and hence
sontent in tubers. High growth and development rates observed in potato plants supplied
sh irrigation water may have resulted in a decrease in photosynthates transferred to the
g as TSS. However, there was a decrease‘of TSS in seed potato tubers during storage due
fization of some by the emerging sprouts.
Firmer tubers with high TSS avoid physical damage and also improve the resultant
emergence and vigour. While firmness determines physical strength, TSS increases
food reserves, which are critical in growth of the resultant plants. -Seed potato tubers
refractive index of crop juices calibrated in percentage sucrose or degree Brix of

sen 3-8 units (Harrill, 1998). High TSS indicates better seed potato than minimum TSS.
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Selection of the right seed potato planting material is one of the most challenging
.a farmer undertakes to obtain good yields. Small-scale potato farmers are constrained
limited seed potato tuber quantity and quality. As reported by Struik (2006) various
lity characteristics affect seed potato tubers. The physiological status of seed potato has
reported to have a great impact on sprouting, number of stems per plant, number of
bers per stem, tuber-size distribution, and tuber yield (Van der Zaag and Van Loon, 1987).
mineral composition of potato tubers is determined to a great extent by the availability of
eral elements in the‘so‘il and whose uptake depends on available water. Application of
eral fertilizers increases seed potato tuber TSS. This is true for fertilizers containing both
cronutrients such as N, P, K, Ca and Mg (White er a/., 2009) and micronutrients such as B,
Fe, Mn, Cu, Mo, Se and I (Karenlampi and White, 2009). The content of potato tuber
als has been reported to be very different because of differences in nutrient supply and
er conditions (availability of assimilates) (Kolbe and Stefan-Beckmann, 1997). In this
, interaction of the different irrigation water by the applied mineral nuirients may also
influenced the results. Concerning the macroelements N and P that are vital for potato
=2 quality, P application may play a crucial role in providing rigidity to seed membranes,
ting in firmer seed potato tubers than N application.

Control of seed potato tuber quality through integration of irrigation water, N and P
s is an essential element in the sustainability of the seed industry as it is the basis of high
potato tuber quality that determines yields obtained. Potato tuber physical and chemical
ity characteristics represented by firmness and TSS were influenced by integrated water
nutrient supply. Consequently, this study provides useful information concerning the
ial of suitable water and nutrient supply levels in improvement of seed potato quality,
wch will result in enhanced ware potato productivity. Information herein can be used
ds improvmg the physical and chemical components of seed potato tubers to suit
ed potato plant growth.

Effects on sprouting characteristics and field performance evaluation

The number of sprouts and sprouting percentage decreased with increase in irrigation
g=r. N and P rates. However, the sprout lengths were much longer with the 100% irrigation
er rate, while the number of short sprouts was greater in the seed potato tubers grown
= low irrigation water rate. Neubauer ef al. (1967) reported that when seed potato were

=d under different relative humidity environments, dry potatoes grew the most numerous

sprouts, while humidified tubers grew much longer and fewer sprouts.
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Potato plants supplied with low irrigation water rate attained physiological maturity
¥ and therefore their seed tubers were physiologically older than those from plants
plied with high irrigation water rate. However, the seed potatoes from low irrigation water
contained less moisture content and were physiologically inactive in storage, resulting in
germination and short sprout length. The high moisture content in the seed potato tubers
2ined from high irrigation water rate might have stimulated enzymatic activity, enhancing
id germination of the eyes and end of the sprouting period. The high moisture facilitated
siological processes leading to early sprouting, as well as longer, but fewer sprouts. The
ated sprouting in the tulﬁers obtained from high irrigation water rate could have had a
sstive influence as it caused loss of energy, moisture and enhanced withering.

Potato plants supplied with high irrigation water rate had high growth and
sclopment, which could have resulted in less of the photoassimilates being deposited in the
. Consequently, these seed potato tubers had low TSS content, which could not have
ained more sprouts. The low TSS possibly resulted in fewer, but longer sprouts. The
=T sprouts were primarily due to early germination. However, longer sprouts are tender
susceptible to mechanical damage. Due to the balanced growth and development of
supplied with intermediate irrigation water rate, their seed tubers had average
e and TSS contents, which resulted in high sprout number, percentage and length.
potato plants supplied with low irrigation water had seed tubers with high TSS,
sably the slightly low moisture content in them could not have promoted better
Eformance as compared to those grown using intermediate irrigation water.

Sprouting refers to development of shoots on tubers. Each seed potato tuber has from
to as many as 10 buds or “eyes”. The eyes regenerate shoots that grow into new plants
Mer favourable conditions. Sprouting of tuber “eyes” starts at the end of the dormancy
od (Junkeviciene er al, 2011). It is possible that seed potato produced using high
' zation water rate had their natural dormancy broken early and were actively converted
ar starch into sugar and other nutrients needed for sprout germination and growth, resulting
greater sprout length. Fresh potato tubers are in a state of endogenous dormancy, which
% be terminated before sprout growth commences (Kandil et al, 2012). Fresh potato
remain dormant for up to 10 weeks, depending on the variety and seasonal weather
Sitions during the growth period (Kurzinger, 2007). Therefore, tuber sprouting during
age results after cessation of endodormancy. Sanli er af. (2010) reported that potato tubers
‘ sprouting when dormancy is broken and sprouts continue to elongate as long as they can

n nutrients from tubers. The amount of moisture and TSS within the seed potato tuber as
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msult of different irrigation water rates probably influenced the seed potato quality,
chudin g the physiological processes, which led to differences in sprouting characteristics.

It 1s possible that potato plants supplied with high irrigation, low N and P rates were
siologically disadvantaged, resulting in reduced sprouting. Seed potato growing
ditions of different irrigation, N and P rates had an impact on the physiological age, which
£ %0 varied sprouting characteristics. In general, the most effective treatments that increased
characteristics were integration of low to intermediate irrigation water rates with
N and P rates. Farmers in the informal sector should, therefore, be made aware of these

smal conditions, under which to grow potatoes destined for use as seed.
| When the harvested seed potato tubers were planted in the field to evaluate their
vigour, better performance was observed with seed potato tubers obtained from
oes supplied with 65% (intermediate) followed by 40% irrigation water rates. Seed
0 tubers from potato plants supplied with 100% irrigation water and lower rates of N and
wed the least growth vigour and performance. In storage, potato losses weight equally
respiration and evaporation (Fernando and Slater, 2010), which impact on its
mological age. Olsen and Hornbacher (2002) reported that age is one of the most
artant physiological factors associated with seed potato performance, such that as a seed
= ages it tends to have a short dormancy period, emerges early, produces multiple stems,
es tubers early and prod_uces more tubers, but of small size. In this study, it is possible
E the seed growing conditions of different irrigation water, N and P rates had an impact on
sed physiological age, and consequently variation in post-treatment field performance.

The progress from physiologically young to physiologically mature tubers has been
ed to affect yield parameters of the subsequent crop (Oliveira er al., 2012), which
e date of emergence, stem number, canopy growth pattern, maturity date, total tuber
and tuber size distribution (Christiansen er al, 2006). It is possible that potatoes
ied with intermediate irrigation water (65%), high N and P rates experienced balanced
th and development that resulted in seed potato tubers which had better physiological
than those supplied with higher or lower irrigation water and similar N and P rates.
e seed tubers probably had moisture and TSS contents that enhanced germination of
eyes, sprout maintenance and sprouting percentage. These seed tubers possibly were
sologically better and resulted in better sprouting characteristics, which enabled them to
m better in the field under prevailing management conditions. Their better performance

due to high number of stems, stem density, plant height and the number of tubers on
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tant plants. In this study, almost twice to thrice tuber numbers were obtained, compared
e obtained at the Rainshelter trial. _

Kleinkopf er al. (2003) reported that initiated tubers not carried to harvest are re-
wbed by the plant as it adapts to environmental conditions during growth. The number of
ers that actually reach maturity has also been reported to depend on available moisture and
# autrients (FAO, 2009).Therefore, not all of the initiated tubers are carried to maturity due
e re-adsorption by the potato plant. This probably explains why the number of tubers
es at potato maturity.

General Conclusions and Recommendations

General conclusions
The overall combination of irrigation water, N and P rates affects soil moisture and

sent content during the potato growing period. This result influences the physiological
s of the potato plants, including growth and development status, and the subsequent
characteristics of the seed potato tubers.
Integration of high irrigﬁtion water at 100%, N and P rates at 150 kg N/ha and 101.2
P'ha increases potato growth and development rates, provides more photoassimilates for
development and leads to more ware potatoes, thereby decreasing the yield of the
wred seed potato sizes [ and IL

The low irrigation water at 40%, N and P rates at 0 kg N/ha and 0 kg P/ha increases

wield of chats, which are not suitable for use as seed potatoes.

| The high rates of N and P also increases the ware potato yields, and improves the
siological quality of the seed potato tubers. High irrigation rate at 100% lowers
siological quality of seed potato tubers.

Géneral recommendations

It is recommended to avoid high irrigation water rates at 100% FC and low N and P
s at 0 kg N/ha and 0 kg P/ha due to their potential negative effects on the size distribution
physiological characteristics of seed potato tubers by reducing the growth vigour and
eids of resultant potato crop. The time between planting and emergence is the most delicate
sod in potato crop production, and this is influenced by seed potato quality, which depends
the growth factors supplied in the field, and determines the seed potato crop performance.
=d quality, therefore, together with the prevailing conditions at planting, plays a major role
potato crop establishment following planting. Although seed potato tubers may appear
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, they may have poor germination and poor vigour if they were grown under stressful
10NS. Therefore; farmers in the informal sector should be aware of the conditions within
they are growing seed potato destined for use in maximizing potato productivity at the

level.
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APPENDICES
Appendix 1: Iimigation water (L) supplied per main plot at various DAP

Replicate 1 Replicate 2 Replicate 3
DAP 65% 40% 100% 40% 100% 65% 100%  65% 40%
3 1000 1000 1000 1000 1000 1000 1000 1000 1000
4 1000 1000 1000 1060 1000 1000 1000 1000 - 1000

11 4355 268 670 268 670 4355 670 435.5 268
15 4355 268 670 268 670 4355 670 4355 268
19 4355 268 670 268 670 4355 670 4355 268
23 4355 268 670 268 670 4355 670 4355 268
27 4355 268 670 268 670 4355 670 4355 268
31 4355 268 670 268 670 4355 670 4355 268
33 4355 268 670 268 670 4355 60 4355 - 768
39 4355 268 670 268 670 4355 670 4355 268
43 4355 268 670 268 670 4355 670 4355 268
47 4355 268 670 268 670 4355 670 435.5 268
51 4355 268 670 268 670 4355 670 4355 268
55 4355 268 670 268 670 4355 670 4355 268
59 4355 268 670 268 670 4355 670 4355 268
63 4355 268 670 268 670 4355 670 4355 268
67 4355 268 670 268 670 4355 670 4355 268
71 4355 268 670 268 670 4355 670 435.5 268
75 4355 268 670 268 670 4355 670 4355 268
¥ 4355 268 670 263 670 4355 670 4355 268
83 4355 268 670 268 670 4355 670 4355 268
87 4355 268 670 268 670 4355 670 4355 268
91 4355 268 670 268 670 4355 670 4355 268
96 4355 268 670 268 670 4355 670 4355 268
101 4355 268 670 268 670 4355 670 4355 268
106 4355 268 670 268 670 4355 670 4355 268

12,452 8432 18,080 8,432 18,080 12452 18,080 12,452 8432
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Appendix 2: Average volumetric water content observed after 2 hours, one, two and three

days after irrigation

Sampling Replicate Water Vw(C1 YwW(C2 YW(C3 VWC4
1 1 1 16.9 119 88 6.5
1 2 1 24.7 15.3 8.6 6.5
1 3 1 173 11.9 9.3 5.6
1 1 /) 122 3 6.9 49
1 2 2 114 8.2 6 47
1 3 2 12.7 8.1 6.6 44
1 1 3 2.7 59 42 2.9
1 2 3 7.4 6.3 45 2.7
1 3 3 7.1 6.5 46 2.9
2 1 1 17.4 11.1 8.2 6.1
2 2 - 1 219 14.4 9.7 6.8
2 3 1 17.9 12.7 93 6
2 1 2 114 8.1 7.2 4.3
2 2 ) 12.3 8.9 6.5 4.6
2 3 2 b 8.6 6.3 4.8
2 1 3 7.8 85 4.2 2.8
2 2 3 7.5 6.9 49 3
2 3 3 7.4 5.9 43 3
3 1 1 18.4 12.8 8.1 6
3 2 1 233 159 9.7 6.5
3 3 1 183 122 9.9 6.2
3 1 2 118 8.2 7.1 4.9
3 2 2 122 8.3 6.9 4.9
3 3 2 113 8.2 6.5 4.9
3 1 3 7.1 54 4.9 3.1
3 2 3 7 £ 43 32
3 3 3 1.3 52 4.5 2.6
Mean percent VWC for imrigation 100% 19.6 13.1 9.1 6.2
water in four sampling periods 65% 119 83 6.7 48

40% 7.4 59 4.5 29
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Appendix 3: ANOVA table for potato percentage sprout emergence (germination) in RTrials I and 11

Source DF  SS Mean Square F Value Pr>F SS Mean Square F Value Pr>F
RTrial I RTrial It '
Rep. 2 16.210556 8.105278 1.27 0.2863 70.789306 35394653 2.63 0.0792
Water 2 47.213472 23.606736 K. | 0.0294 249.747639  124.873819 9.27 0.0003
N 3 337457222  112.485741 17.66 <0.0001 682.434167  227.478056 16.89 <0.0001
P 3 2035900000 678.633333 106.56  <0.0001 4186.549167 1395516389  103.60 <0.0001
Rep. * Water 4 22.510694 5.627674 0.88 0.4782 142.048194 35512049 2.64 0.0408
Water * N 6 16.224861 2.704144 0.42 0.8603 65.154583 10.859097 0.81 0.5685
Rep. * Water * N 18 175.075417  9.726412 1.53 0.1057 124997500  6.944306 0.52 0.9422
Water * P 6 105.612083  17.602014 2.76 0.0179 29467917 4911319 0.36 0.8990
R 9 49.240556 5.471173 0.86 0.5653 74.289722 8.254414 0.61 0.7823
Water * N * P 18 120.607361  6.700409 1.05 0.4165 231756528  12.875363 0.96 0.5179
Error 2 458530000  6.368472 969.851667  13.470162
Corrected Total 143 3384582222 6827.086389
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viasl [ and 1

per plant in

Source DF SS Mean Square F Value Pr>F |SS Mean Square F Value Pr>F
RTrial I RTrial 1

Rep. 2 0.03174180  0.01587090 0.56 0.5732 | 0.00998463 0.00499231 0.13 0.8752
Water 2 0.14902355  0.07451178 2.62 0.0744 | 0.21506188 0.10753094 2.87 0.0578
N 3 0.60321731  0.20107244 7.06 0.0001 | 0.75545334 0.25181778 6.73 0.0002
P 3 297900707  0.99300236 3488  <0.0001 | 3.78938640 126312880 33.75 <0.0001
Rep. * Water 4 0.01052064  0.00263016 0.09 0.9848 | 0.01780813 0.00445203 0.12 0.9757
Water * N 6 0.01159138  0.00193190 0.07 0.9988 | 0.02333598 0.00388933 0.10 0.9959
Rep. * Water * N 18  0.05052648  0.00280703 0.10 1.0000 | 0.06801536 0.00377863 0.10 1.0000
Water * P 6 0.03281289  0.00546881 0.16 0.9863 0.05217181 0.00869530 0.20 0.9776
NP 0.06972934 0.00774770 0.23 0.9899 0.09997726 0.01110858 0.25 0.9862
Water * N * P 18 0.09713053  0.00539614 0.16 1.0000 | 0.12872082 0.00715116 0.16 1.0000
Rep. *Water *N*P 72 0.57645989  0.00800639 0.24 1.0000 | 0.74269688 0.01031523 0.23 1.0000
Error 288 9.67305617  0.03358700 12.73112094  0.04420528
Corrected Total 431 14.28481706 18.63373343
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Source  Mean Square K Value Pr>F | S8 Mean Square ¥ Value Pr>F
RTrial I RTrial I1
Rep. 2 262.976852 131.488426 2.58 0.0770 | 314.773935 157.386968 3.00 0.0511
Water 2 6077976852 3038.988426  27.87  <0.0045 | 6062.106157  3031,053079 2792 <0.0045
N 3 5466.673611 1822224537 5449  <0.0001 | 5392.840255 1797.613418 50.79 <0.0001
P 3 7278.229167 2426.076389 8569  <0.0001 | 8013.927847  2671.309282 119.02 <0.0001
Rep. * Water 4 436.120370 109.030093 2.14 0.0753 | 434.173426 108.543356 2.07 0.0844
Water * N 6 114.652778 19.108796 . 0.57 0.7479 | 160.338843 26.723140 0.76 0.6138
Rep. * Water * N 18 601.902778  33.439043 0.66 0.8531 | 637.046528 35.391474 0.67 0.8366
Water * P 6 108.708333 18.118056 0.64 0.6979 | 28.626806 4771134 0.21 0.9717
N»p 9 312.057870  34.673097 1.22 0.2938 | 319.911690 35.545743 1.58 0.1365
Water * N * P 18 385.032407  21.390689 0.76 0.7426 | 312.393380 17.355188 0.77 0.7233
Rep.* Water* N * P 72 2038.555556 28.313272 0.50 0.9997 1615992778  22.444344 0.37 1.0000
Error 288  16294.66667 56.57870 17276.92667  59.98933
Corrected Total 431 39377.55324 40569.05831
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Appendix 6: ANOVA table for plant height (cm) at 59 DAP in RTrials I and II

Source DF SS Mean Square F Value Pr>F SS Mean Square F Value Pr>F
RTrial I RTrial 11
Rep. 2 1245.42130 622.71065 12.60 <0.0001 1399.69019 699.84509 12.92 <0.0001
Water Z 16369.92130 8184.96065 127.09 <0.0002 18291.47005  9145.73502 128.09 <0.0002
N 3 10021.02546  3340.34182 42.68 <0.0001 11034.24192  3678.08064 4042 <0.0001
P 3 10993.96991 3664.65664 139.81 <0.0001 12038.33840  4012.77947 139.96 <0.0001
Rep. * Water 4 257.62037 64.40509 1.30 0.2684 28561148 71.40287 1.32 0.2628
Water * N 6 137.24537 22.87423 0.29 0.9328 190.15162 31.69194 0.35 0.9017
Rep. * Water * N 18 1408.79167 78.26620 1.58 0.0615 1637.83500 90.99083 1.68 0.0408
Water * P 6 237.85648 39.64275 131 0.1864 419.94292 69.99049 2.44 0.0332
N*P 148.92824 16.54758 0.63 0.7667 266.91447 29.65716 1.03 0.4216
Water * N * P 18 829.05093 46.05838 1.76 0.486 880.78505 48.93250 1.7l 0.0579
Rep. * Water * N*P 72  1887.27778  26.21219 0.47 0.9999 2064.25000 28.67014 0.47 0.9999
Error 288 15906.00000 55.22917 17439.82000  60.55493
Corrected Total 431 59443.10880 65949.05109
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Appendix 7: ANOVA table for plant height (cm) at 73 DAP in RTrials I and 11

Source DF SS Mean Square F Value Pr>F |SS Mean Square F Value Pr>F
RTrial I RTrial I
Rep. 2 234336574  1171.68287 2064  <0.0001 | 2672.64292 1336.32146 21.52 <0.0001
Water 2 35114.08796 17557.04398 11292 <0.0003 | 37881.63167 18940.81583  141.83 <0.0002
N 3 9839.35880  3279.78627  89.57  <0.0001 | 10503.05935 3501.01978 81.90  <0.0001
P 3 15569.96991 5189.98997 11484 <0.0001 | 17267.71046 575590349 123.35 <0.0001
Rep. * Water 4 621.92593 155.48148 2.74 0.0286 534.20083 133.55021 2.15 0.0742
Water * N 6 293.68981 48.94830 1.34 0.2920 263.75426 43.95904 1.03 0.4390
Rep. * Water * N 18  659.09722 36.61651 0.65 0.8633 769.43014 42.74612 0.69 0.8232
Water * P 6 839.41204 139.90201 3.10 0.0094 915.87704 152.64617 3.27 0.0067
N*P ' 9 413.15046 4590561 1.02 0.4358 633.48491 70.38721 1.51 0.1614
Water * N * P 18 414.21759 23.01209 0.51 0.9454 709.71037 39.42835 0.84 0.6430
Rep. * Water * N * p 72 325383333 45.19213 0.76 0.9205 18998.70000 65.96771 0.71 0.9602
Error 288 17180.66667 59.65509 3359.63722 46.66163
Corrected Total © 431 86542.77546 94509.83917
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Appendix 8: ANOVA table for plant height at 94 DAP in RTrials [ and 11

Source DF 88 Mean Square F Value Pr>F |SS Mean Square F Value Pr >F
RTrial I RTrial 11

Rep. 2 3618.17130 1809.08565  22.03 <0.0001 | 416508847 2082.54424 23.44 <0.0001
Water 2 47076.47685 2353823843 112.57 <0.0003 | 50071.24056  25035.62028  105.27 <0.0003
N. 3 10421.80324 347393441 3474  <0.0001 | 13490.29306  4496.76435 63.55 <0.0001
P 3 2423891435 8079.63812 136.86 <0.0001 | 2518369713  8394.56571 136.67 <0.0001
Rep. * Water 4 836.42593 209.10648 2.35 0.0392 051.26181 237.81545 2.68 0.0317
Water * N 6 355.13426 59.18904 0.59 0.7327 367.38056 61.23009 0.87 0.5385
Rep. * Water * N 18 1799.79167  99.98843 122 0.2434 1273.63972 70.75776 0.80 0.7048
Water * P 6 124818981  208.03164 3.52 0.0041 1934,95315 322.49219 5.25 0.0002
N*P 9  1730.61343 192.29038 3.26 0.0023 1604.21787 178.24643 2.90 0.0055
Water * N * P 18 135531019  75.29501 1.28 0.2301 1373.61241 76.31180 1.24 0.2528
Rep. * Water * N*P 72 425072222  59.03781 0.67 0.9777 442224111 61.42002 0.64 0.9872
Error 288 25306.6667  87.8704 27560.1533 95.6950
Corrected Total 431 122238.2199 132397.7792
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Appendix 9: ANOVA table for plant height at 108 DAP in R'Trials [ and I1

Source "DF S§S Mean Square F Value Pr>F |88 Mean Square F Value Pr>F
RTrial I RTrial 1
Rep. 2 8088.11574  4044.05787 3149  <0.0001 | 8028.35574 4014.17787 33.92 <0.0001
Water 2 76714.39352  38357.19676 47.61  <0.0016 | 82466.73282 41233.36641 42.63 <0.0020
N 3 20076.78472 6692.26157 2727  <0.0001 | 20873.10796 6957.70265 31.63 <0.0001
P 3 34569.96991 1152332330 112.88 <0.0001 | 35509.04315 11836.34772 111.23 <0.0001
Rep. ¥ Water 4 322259259  805.64815 6.27 <0.0001 | 3869.18787 967.29697 8.17 <0.0001
Water * N 6 3042.40278  507.06713 2,07 0.1088 372808384 621.34731 2.83 <0.0407
Rep. * Water * N I8 4416.62500  245.36806 191  0.0142 3958.95694 219.94205 1.86 0.0182
Water * P 6 444921759  741.53627 7.26 <0.0001 | 4917.41532 819.56922 7.70 <0.0001
Rl 9 3337.00231  370.77803 3.63 0.0009 3205.80074 356,20008 3.35 0.0018
Water * N * P 18  4485.8379% 24921322 2.44 0.0040 5190.15690 288.34205 2N 0.0015
Rep. * Water * N*P 72 7350.22222  102.08642 0.76 0.921 7661.97056 106.41626 0.88 0.7443
Error 288 38878.0000 1349931 34947.0933 121.3441
Corrected Total 431  208631.1644 214355.9052
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Appendix 10: ANOVA table for leaf stomatal conductivity at 59 DAP in RTrials I and 11

Source DF SS Mean Square F Value Pr>F |[58S§ Mean Square  F Value Pr>F
RTrial I RTrial 11
Rep. 2 2843537290 1421768.645 772797 <0.0001 |3322982.706  1661491.353 721540  <0.0001
Water 2 78921.925 39460.962 3.90 <0.1150 | 88172.367 44086.184 3.99 <0.1113
N 3 39685.289 13228.430 192 <0.0018 | 34987.811 11662.604 10.03 <0.0004
P 3 33449.047 11149.682 37.52 <0.0001 | 41852.840 13950.947 38.52 <0.0001
Rep. * Water 4 40500.900 10125.225 55.04 <0.0001 | 44148.588 11037.147 47.93 <0.0001
Water * N 6 1326.271 221.045 0.13 0.9916 1931.602 321.934 0.28 0.9405
Rep. * Water * N 18 31654.539 1758.586 9.56 <0.0001 | 20927.752 1162.653 5.05 <0.0001
Water * P 6 548.303 91.384 0.31 09311 1440.797 240.133 0.66 0.6796
nep 9 2439.896 271.100 0.91 0.5197 2307.454 256.384 0.71 0.6997
Water * N * P 18 3322216 184.568 0.62 0.8716 2824.568 156.920 0.43 0.9755
Rep. * Water * N *P 72 21398.571 297.202 1.91 0.0001 26075.619 362.161 1.84 0.0002
Error 288 44833.147 155.671 56821.673 197,297
Corrected Total 431 3141617.393 3644473.777
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W. able )rl'eul Fatlomatal conductivity at 73 DAP in RT'rials 1 and 11

Source DF SS Mean Square F Value Pr>F |SS Mean Square F Value Pr>F
RTrial I RTrial I
Rep. 2 3547048911 1773524455 6795.16 <0.0001 | 3777697.584 1888848792 698771 <0,0001
Water 2 95193.317 47596.658 4.12 <0.1069 | 77234.049 38617.025 A <0.1227
N 3 44270.193 14756.731 8.45 <0.0010 | 47107.521 15702.507 8.10 <0.0013
P 3 48077.867 16025.956 32.05 <0.0001 | 48924.664 16308.221 355 <0.0001
Rep. * Water 4 46250.309 11562.577 44.30 <0.0001 | 41638.459 10409.615 38.51 <0.0001
Water * N 6 4528253 754.709 0.43 0.8478 3576.275 596.046 0.31 0.9249
Rep. * Water * N 18 31433.194 1746.289 6.69 <0.0001 | 34898.367 1938.798 7.17 <0.0001
Water * P 6 1731.464 288.577 0.67 0.6763 1277.097 212.849 0.46 0.8329
N#*p 9 4519.519 502.169 1.16 0.3330 5267.322 585.258 1.27 0.2654
Water * N * P 18 6256.373 347.576 0.80 0.1645 5128.782 284.9:'32 0.62 0.8718
Rep. * Water *N*P 72  31142.270 432.532 1.98 <0.0001 | 33050.995 459.042 2.06 <0.0001
Error 288  62817.027 218.115 64260.600 223.127
Corrected Total 431  3923268.696 4140061.716
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Appendix 12: ANOVA table for leaf stomatal conductivity at 87 DAP in RTrials [ and Il

Source DF SS Mean Square F Valwe Pr>F S8 Mean Square F Value Pr>F
RTrial I RTrial 1t |
Rep. 2 2346402208 1173201.104 5307.62 <0.0001 | 2209647.753 1104823.877 7276.86 <0.0001
Water 2 80235819  40117.909  3.75 <0.1208 | 82410792 4120539 328 <0.1433
N 3 40282511 13427504 929 <0.0006 |35148038 11716013  8.69  <0.0009
p ’ 3 31575271 10525090 3222 <0.0001 | 43300518 14433506 3131  <0.0001
Rep. * Water 4 42738547  10684.637 4834  <0.0001 |50212.118 12553030 8268  <0.0001
Water * N 6 3096495 516.082 0.36 0.8963 1325.499 220.917 0.16 0.9833
Rep. * Water * N 18 26005271  1444.737 6.54 <0.0001 | 24279.695 1348872 8.88 <0.0001
Water * P 6 590441 98 407 0.30 0.9343 1784.201 297.367 0.64 0.6939
N * P 9 2703.843 300.427 0.92 05134 | 2926.074 325.119 0.71 0.7022
Water * N * P 18 1547.156 85.953 0.26 0.9987 | 5119.560 284.420 0.62 0.8749
Rep. * Water * N*P 72 23520521  326.674 .68 0.0016  |33195494  461.049 6.19 <0.0001
Error 288 56054.233  194.633 21462200  74.522
Corrected Total 431 2654752315 2510811.942 |
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Appendix 13: ANOVA table for leaf Chlorophyll Content Index at 59 DAP in RTrials | and 11

IR RN ESsSS—————————hhhhth—-

Source DF  SS Mean Square F Value Pr>F |88 Mean Square F Value Pr>F
RTrial I RTrial 11 ' |
Rep. 2 56.78804 28.39402 0.94 0.3916 7.23267 3.61634 0.12 0.8833
Water 2 6356.47192 317823596 4628  <0.0017 5330.57517 2665.28759 141.77 © <0.0002
N 5 5141.30868 1713.76956 2839  <0.0001 | 243993991 813.31330 11.60 <0.0002
P 3 12504.95842 4168.31947 153.11 <0.0001 11549.62991 384987664 92.21 <0.0001
Rep. * Water 4 27471077 68.67769 2,27 0.0598 75.20051 18.80013 0.64 0.6305
Water * N 6 599.64142 99.94024 1.66 0.1895 '893,78617 148.96436 2.13 <0.1005
Rep. * Water * N 18 1086.61192 60.36733 1.99 0.0079 1261.50122 70.08340 2.40 0.0009
Water * P 6 378.29994 63.04999 232 0.0422 676.33047 112.72174 2.70 0.0202
N *p 9 621.59438 69.06604 2.54 0.0137 369.87658 41.09740 0.98 0.4605
Wéter *N*P 18 748.98399 41.61022 1:53 0.1052 804.98403 44.72134 ) 1.07 0.3978
Rep. * Water * N*P 72 1960.11368  27.22380 0.89 0.7226 3006.21564 41.75300 1.47 0.0075
Error 1152 35081.41520 30.45262 32675.86409 2836447
Corrected Total 1295  64810.89836 59091.13638
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Appendix 14: ANOVA table for leaf Chlorophyll Content Index at 73 DAP in RTrials I and 11

Source DF SS Mean Square F Value Pr>F S8 Mean Square F Value Pr>F
RTrial 1 RTrial 11
Rep. 2 1984.57514  992.28757  17.69 <0.0001 | 359.09242 179.54621 T 0.0628
Water 2 7494.20227  3747.10113 9.78 <0.0288 | 8436.88807 4218.44404 49.08 <0.0015
N 3 14664.24873  4888.08291 15.61 <0.0001 | 10620.42799  3540.14266 24.19 <0.0001
P 3 22184.39459 7394.79820 83.80 <0.0001 [ 20177.66428  6725.88809 87.37 <0.0001
Rep. * Water 4 1531.79801  382.94950  6.83 <0.0001 | 343.81304 85.95326 1.33 0.2573
Water * N 6 353.62069 58.93678 0.19 0.9763 329.26051 54.87675 0.37 0.8854
Rep. * Water * N 18 5636.07037  313.11502 5.58 <0.0001 | 2634.58935 146.36608 2.26 0.0019
Water * P 6 1242 80465 207.13411 2.35 (0.0398 2095.67144 349.27857 4.54 <0.0006
Ll 4 9 1335.71242  148.41249  1.68 0.1092 1043.23766 115.91530 151 0.1624
Water * N * P 18 1239.81437 68.87858 0.78 0.7153 253841579 141.02310 1.83 0.0374
Rep. * Water *N*P 72 635352759  88.24344 1.63 0.0009 5542.74222 76.98253 1.20 0. I23.|
Error 1152 62304.7311 54.0840 73662.3244 63.9430
Corrected Total 1295  126325.4999 127784.1272




Appendix 15: ANOVA table for leaf Chlorophyll Content Index at 87 DAP in RTrials I and 11

Pr>F

Source DF S8 Mean Square F Value Pr>F |88 Mean Square  F Value
RTrial 1 RTrial I¥

“Rep. 2 50.75816 2537908 0.91 0.4024 120.383997 60.191998 2.21 0.1106
Water 2 251499835  1257.49917 13.49 <0.0167 | 6590.458812 3295.229406 27.77 <0.0045
N 3 6591.120064 2197.04021 15.24 <0.0001 | 3921.813395 1307.271132 1585 <0.0001
P 3 11338.73743  3779.57914 101.30  <0.0001 | 8770.176173 2923.392058 95.44 <0.0001
Rep. * Water 4 372.77957 93.19489 3.34 0.0098 474,618549 118.654637  4.35 0.0017
Water * N 6 798.28202 133.04700 0.92 <0.5019 | 971.340633 161.890105 1.96 <0,1251
Rep. * Water * N 18 259570338  144.20574  5.18 <0.0001 | 1484,870972 82.492832 3.02 <0.0001
Water * P 6 719.26060 119.87677 3.21 0.0075 1098.071559 183.011926 5.97 <0.0001
HvP 9 777.13593 86.34844 231 0.0239 606.931420 67.436824 2.20 0.0316
Water * N * P 18 1645.20742 91.40041 2.45 <0.0039 | 1890.649738 105.036097 3.43 <0.0001
Rep. * Water * N *P 72 268634111 37.31029 1.37 0.0250 2205.338333 30.629699 113 0.2180
Error 1152 31415.68889 27.27056 31201.37333 27.08453
Corrected Total 1295  61506.01351
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Appendix 16: ANOVA table for LAI at 51 DAP in RTrials I and 11

Source DF  SS Mean Square F Value Pr>F SS Mean Square F Value Pr>F
RTrial I RTrial 11
Rep. 2 0.03378472 0.01689236 4.31 0.0142 0.00418380 0.00209190 0,69 0.5000
Water 2 53.60250417  26.80125208 363.06  <0.0001 | 10.53672407 5.26836204  224.55 <0.0001
N 3 19.69795069  6.56598356  507.52  <0.0001 | 444548588 1.48182863  326.11 <0.0001
P 3 32.76436736  10.92145579 72546  <0.0001 | 3.42453588 1.14151196  269.22 <0.0001
Rep. * Water 4 0.29528194 0.07382049 18.82 <0.0001 | 0.09384676  0.02346169 7.79 <0.0001
Water * N 6 4.13402917 0.68900486  53.26 <0.0001 | 0.77647037  0.12941173 2848 <0.0001
Rep. * Water * N 18 0.23287222 0.01293735 3.30 <0.0001 | 0.08179167  0.00454398  1.51 0.0837
Water * P 6 2.57846250 0.42974375 28.55 <0.0001 | 0.09008704 0.01501451 3.54 <0.0040
N *P 9 0.25896134 0.02877348 1.91 <0.0638 | 0.06470949  0.00718994 1.70 0.1058
Water * N * P 18 1.13998935 0.06333274 421 <0.0001 | 0.26557037  0.01475391 348 <0.0001
Rep. * Water * N*p 72 1.08392778 0.01505455 13.20 <0.0001 | 0.30528889 0.00424012 1.57 0.0054
Error 288  0.3284000 0.0011403 0.77913333  0.00270532
431 116.1505313 20.86782755

Corrected Total
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Appendix 17: ANOVA table for LAI at 64 DAP in RTrials [ and II

Source DF SS Mean Square F Value Pr>F |88 Mean Square F Value Pr>F
RTrial I RTrial 11
Rep. 2 0.05547269  0.02773634 3.61 0.0279 0.03895741 0.01947870 1.61 0.2018
Water 2 96.80819491 48.40409745  385.75  <0.0001 | 71.60345741 l 3580172870 37525  <0.0001
N 3 3595066111 11.98355370 512.81  <0.0001 | 26.24263032 8.74754344 481.87  <0.0001
P 3 58.38710370  19.46236790 ~ 70831  <0.0001 | 43.55211921 1451737307  708.80  <0.0001
Rep. * Water 4 0.50192593  0.12548148 16.35 <0.0001 | 0.38163009 0.09540752 7.87 <0.0001
Water * N 6 7.57022917  1.26170486 5399 <0.0001 | 5.52693148 0.92115525 50.74 <0.0001
Rep. * Water * N 18 0.42063472  0.02336860 3.05 <0.0001 | 0.32675694 0.01815316 1.50 0.0873
Water * P 6 4.58220880  0.76370147 27.79 <0.0001 | 3.39429259 0.56571543 27.62 <0.0001
N*Pp 0.48849815  0.05427757 1.98 <0.0547 | 0.35126505 0.03902945 1.91 0.0646
Water * N * P 18 2.04138935  0.11341052 4.13 <0.0001 | 1.50203704 0.08344650 4.07 <0.0001
Rep. * Water * N*P 72 1.97836667  0.02747731 10.09 <0.0001 | 1.47467778 0.02048164 2.04 <0.0001
Error 288  0.7840000 0.0027222 2.8871333 0.0100248
Corrected Total 431  209.5686852 157.2818887

146



Appendix 18: ANOVA table for days to 50% flowering in RTrials I and II

Source DF SS Mean Square F Value Pr>F |SS Mean Square F Value Pr>F
RTrial 1 RTrial I
Rep. 2 57.555556 28.777778 19.58 <0.0001 | 68.097222 34.048611 26.08 <0.0001
Water 2 5341.430556 2670.715278 1816.93  <0.000F | 5577.555556 2788.777778  2136.09  <0.0001
N 3 2734.409722  911.469907 62009  <0.0001 |706.909722  902.303241  691.13 <0.0001
P 3 442187500  147.395833 100.28  <0.0001 | 335.409722 111.803241  85.64 <0.0001
Rep. * Water 4 68.819444 17.204861 11.70 <0.0001 | 80.361111 20.090278 15.39 <0.0001
Water * N 6 30.902778 5.150463 3.50 0.0043 19.777778 3.296296 .52 0.0283
Rép. * Water * N 18 169.125000 9.395833 6.39 <0.0001 202.875000 11.270833 8.63 <0.0001
Water * P 6 13.458333 2.243056 1.53 0.1820 2111111 0.351852 0.27 0.9494
N*Pp 52.951389 5.883488 4.00 0.0004 30.673611 3.408179 2,61 0.0114
Water * N * P 18 17.319444 0.962191 0.65 0.8429 12.555556 0.697531 0.53 0.9320
Error 72 105833333 1.469907 94.000000 1.305556
Corrected Total 143 9033.993056

9130326389

147



Source DF  SS Mean Square  F Value Pr>F [SS  Mean Square  F Value Pr>F
RTrial I RTrial Il

Rep. 2 54.500000  27.250000 8.37 0.0005 | 30.125000 15.062500 4.95 0.0097
Water 2. 1421.791667 710.895833 21843  <0.0001 | 1426.041667  713.020833 23442  <0.0001
N 3 8116.722222  2705.574074  831.30  <0.0001 | 8794.465278 2931488426 96378  <0.0001
p 3 2926.722222  975.574074  299.75  <0.0001 |2929.243056  976.414352  321.01  <0.0001
Rep. * Water 4 84.958333  21.239583 6.53 0.0002 | 65.958333 16.489583 5.42 0.0007
Water * N 6 7.986111 1.331019 0.41 0.8708 | 7.680556 1.280093 0.42 0.8628
Rep. * Water * N 18 35541667 1974537 0.61 0.8830 | 48.916667 2.717593 0.89 0.5878
Water * P 6 113.486111  18.914352 5.81 <0.0001 | 112.736111  18.789352 6.18 <0.0001
N*P 9 16.555556  1.839506 0.57 0.8211 | 13.395833 1.488426 0.49 0.8772
Water * N * P 18 15402778  0.855710 0.26 0.9987 | 8.875000 0.493056 0.16 1.0000
Error 72 23433333 3.25463 219.00000 3.04167
Corrected Total 143 13028.00000 13656.43750
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Appendix 20: ANOVA table for total dry biomass at harvest in R'T'rials | and 11

Source DF SS Mean Square F Value Pr>F |SS Mean Square  F Value Pr>F
RTrial ¥ RTrial I
Rep. 2 76.6392 38.3196 0.14 0.8720 | 240.8589 120.4295 0.52 0.5930
Water 2 2044926613 102246.3306 365.74 <0.0001 | 377421.7572 188710.8786 819.92 <0.0001
N 3 179570.6230 59856.8743 214.11 <0.0001 | 3214752717 107158.4239 465.59 <0.0001
P 3 202981.6316 67660.5439 242.02 <0.0001 | 3723289133 124109.6378 539.24 <0.0001
Rep. ¥ Water 4 63955.2977 15988.8244 57.19 <0.0001 | 132926.4715 33231.6179 144.39 <0.0001
Water * N 6 6077.1427 1012.8571 3.62 <0.0017 | 16234.7731 2705.7955 11.76 <0.0001
Rep. * Water * N 18 10174.1684 565.2316 2.09 0.0083 11450.9084 636.1616 2.76 0.0002
Water * P 6 3503.1595 583.8599 2.09 0.0539 - 20463.3856 3410.5643 14.82 <0.0001
. N*p 9 11685.2451 1298.3606 4.64 <0.0001 26407.6702 2934.1856 1275 <0.0001
Water * N * P 18  6503.2036 361.2891 1.29 0.1892 17777.7147 987.6508 4.29 <0.0001
Error 360 100642.0420 279.5612 82856.759 230.158
Corrected Total 431 789661.8140 1379584 .484
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- Appendix 21: ANOVA table for number of tubers per plant at harvest in R'T'rial Is and 11

Source DF SS . Mean Square F Value Pr>F SS Mean Square  F Value Pr>F
RTrial | RTrial 11
Rep. 2 9.418056 4.709028 5.94 0.0027 20.251389 10.125694 7.42 0.0006
Water 2 1031.726389  515.863194 651.12 <0.0001 | 1433.151389 716.575694 825.25 <0.0001
N 3 461.147222 153.715741 194.02 <0.0001 | 701.496528 233.832176 171.40 <0.0001
I" 3 242.469444 80.823148 102.01 <0.0001 | 429.468750 143.156250 104.93 <0.0001
Rep. * Water 4 3.644444 0911111 1.15 0.3314 4.090278 1.022569 0.75 0.5583
Water * N 6 37.873611 6.312269 7.97 <0.0001 | 24.743056 4.123843 3.02 0.0061
Rep. * Water * N 18 17.104167 0.950231 1.20 0.2528 35.041667 1.946759 1.43 0.1094
Water * P 6 49.268056 8.211343 10.36 <0.0001 | 75.537500 12.589583 923 <0.0001
N#*P 9 21.069444 2.341049 2.95 0.0018 22.661806 2.517978 1.85 0.0562
Water * N * P 18 12.109722 0.672762 0.85 0.6421 23.990278 1.332793 0.98 0.4840
Error 1368  1083.833333  0.792276 1866.316667 1.364267
Corrected Total 1439 2969.663889 4636.749306
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Appendix 22: ANOVA table for tuber yield (t/ha) in RTrials I and 11

Source DF SS Mean Square FValue Pr>F SS Mean Square FValue Pr>F
RTrial I RTrial 11
Rep. 2 42346876 21.173438 4.21 0.0187 116.784085 58.392042 14.37 <0.0001
Water 2 2841.486485  1420.743242 282.44 <0.0001 | 3253.490518 1626.745259 400.33 <0.0001
N 3 3934.971406 | 1311657135 260.75 <0.0001 | 5752.720483 1917.573494 471.90 <0.0001
P 3 2855.639000  951.879667 189.23 <0.0001 | 3674.045789 1224.681930 301.38 <0.0001
Rep. * Water Bl 134.523207 33.630802 6.69 0.0001 52.139411 13.034853 3.21 0.0176
Water * N 6 231.243249 38.540541 7.66 <0.0001 | 217.877104 36.312851 8.94 <0.0001
Rep. * Water * N 18 133.793633 7.432980 1.48 0.1240 137.640388 7.646688 1.88 0.0313
Water * P 6 183.685371 30.614228 6.09 <0.0001 | 123.018965 20.503161 5.05 0.0002
N+ P 9 136.564461 15.173829 3.02 0.0041 284.814983 31.646109 7.79 <0.0001
Water * N * P 18 65.544851 3.641381 0.72 0.7759 51.101146 2.838953 0.70 0.8013
Error 2 362.18142 5.03030 292.57352 4.06352
Corrected Total 143 10921.97996 | 13956.20639
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Source DF SS Mean Square  F Value Pr>F |SS M-eﬁﬂ'saﬁ;;:" " FValue Pr>F
RTrial I RTrial 1T _
Rep. % 2.0109722 1.0054861 0.58 0.5652 9.8082292 4.9041146 6.02 0.0038
Water 2 478.7662847  239.3831424 136.92  <0.0001 | 682.5596375 341.2798188 419.08 <0.0001
N | 3 547.4299687  182.4766562 10437  <0.0001 | 681.8851611 227.2950537 279.11 <0.0001
| 3 3 434.1939243  144.7313081 82.78 <0.0001 | 421.8996167 140.6332056 172.69 <0.0001
Rep. * Water 4 8.0268444 2.0067111 1.15 0.3412 1.1050958 0.2762740 0.34 0.8506
Water * N 6 29.9784542 4,9964090 2.86 0.0149 32.9702514 5.4950419 6.75 <0.0001
Rep. * Water * N 18 35.0780333 1.9487796 1.11 0.3567 339156250 1.8842014 2.31 10.0065
‘Water * P 6 52.1715319 8.6952553 497 0.0003 39.1079292 6.5179882 8.00 <0.0001
N*Pp 9 20.2550674 2.2505630 1.29 0.2588 16.7011111 1.8556790 2.28 0.0261
Water * N * P 18 169298181 0.9405454 0.54 0.9298 12.7874264 0.7104126 0.87 06118
Error 72 125.880883 1.748346 58.633117 0.814349
- Corrected Total 143 1750.721783 1991.373200
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Appendix 24: ANOVA table for seed size Il (t/ha) RTrials [ and 11

Source DF SS Mean Square F Value Pr>F |SS Mean Square  F Value Pr>F
- RTrial I RTrial 11
Rep. 2 21.7733931 10.8866965 13.83 <0.0001 | 38.0862764 19.0431382 13.63 <0.0001
Water 2 559.7586764 279.8793382 355.52 <0.0001 | 679.7508931 339.8754465 24322  <0.0001
N 3 763.5594243  254.5198081 32331 <0.0001 | 924.5921694 308.1973898 220.55  <0.0001
P 3 430.8928021 143.6309340 182,45  <0.0001 | 570.1208028 190.0402676 13599  <0.0001
Rep. * Water 4 42.6341111 10.6585278 13.54 <0.0001 | 55.6145194 13.9036299 9.95 <0.0001
Water * N 6 66.6868236 11.1144706 14.12 <0.0001 | 699476514 11.6579419 834 <0.0001
Rep. * Water * N 18 37.3047958 2.0724887 2.63 0.0020 | 61.5920042 3.4217780 2.45 0.0039
Water * P 6 9.1941458 1.5323576 1.95 0.0848 | 32.7286014 5.4547669 3.90 0.0020
N *P 9 63.5739563 7.0637729 8.97 <0.0001 | 91.0225361 10.1136151 7.24 <0.0001
Water * N * P 18 19.5079542 1.0837752 1.38 0.1702 43.4444097 2.4135783 1.73 0.0539
Error n 56.680767 0.787233 100.614200 1.397419
Corrected Total 143 2071.566849 2667.514064
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Appendix 25: ANOVA table for seed size | (t/ha) in both R'Trials [ and 11

4 m
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Source DF SS Mean Square  F Value Pr>F SS Mean Square  FValue Pr>F
RTrial 1 RTrial 11

Rep. 2 0.9780847 0.4890424 0.19 0.8268 3.2303931 1.6151965 0.76 0.4703
Water 2 312.1710764  156.0855382 60.87 <0.0001 | 311.6791681 155.8395840 73.54 <0.0001
N 3 308.4833611  102.8277870 40.10 <0.0001 | 595.9090910 198.6363637 93.74 <0.0001
P 3 327.8323889  109.2774630 4261 <0.0001 | 548.2435521 182.7478507 86.24 <0.0001
Rep. * Water 4 17.5404986 4.3851247 1.71 0.1571 12.5704944 3.1426236 1.48 0.2163
Water * N 6 33.5019681 5.5836613 2.18 0.0550 11.7313819 1.9552303 0.92 0.4839

~ Rep. * Water * N 18 23.1543333 1.2863519 0.50 0.9491 21.8830958 1.2157275 0.57 0.9071
Water * P 6 14.4717236 2.4119539 0.94 0.4716 6.0460375 1.0076729 0.48 0.8244
N*P 9 10.9820167  1.2202241 0.48 0.8862 34.6042174 3.8449130 1.81 0.0802
Water * N * P 18 27.0882542 1.5049030 0.59 0.8979 28.4999014 1.5833279 0.75 0.7514
Error 72 184.630417 2.564311 152.568017 2.119000
Corrected Total 143 1260.834122 1726.965349



Source DF SS Mean Sqm‘a'l;ém FValue Pr>F |[SS ‘Mean Square K Value Pr>F
RTrial I RTrial 11 :
Rep. 2 1.31962917 0.65981458 7.45 0.0011 2.25759306 1.12879653 10.52 <0.0001
Water 2 10.13011667  5.06505833 5721 <0.0001 | 1494621806  7.47310903 69.66 <0.0001
N 3 15.01791875  5.00597292 56.54 <0.0001 | 20.46425833  6.82141944 63.58 <0.0001 -
B 3 17.85381875  5.95127292 67.22 <0.0001 | 23.43700278  7.81233426 72.82 <0.0001
Rep. * Water 4 1.32797917 0.33199479 3.75 0.0079 0.79063611 0.19765903 1.84 0.1301
Water * N 6 2.09565000 0.34927500 3.94 0.0018 1.98645417 0.33107569 3.09 0.0096
Rep. * Water * N 18 2.13762500 0.1187569%4 1.34 0.1894 3.54103750 0.19672431 1.83 0.0371
Water * P 6 1.17336667 0.19556111 221 0.0518 0.86870972 0.14478495 1.35 0.2468
N*Pp 1.10906736 0.12322971 1.39 0.2080 0.92371389 0.10263488 0.96 0.4827
Water * N * P 18 1.69682222 0.09426790 1.06 0.4040 1.55777361 0.08654298 0.81 0.6862
Error 72 6.37470000 0.08853750 7.72420000 0.10728056
Corrected Total 143 60.23669375 78.49759722
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F Value

Source DF SS Mean Square F Value Pr>F SS Mean Square Pr>F
RTrial 1 RTrial 11
Rep. 2 47.0130597 23.5065299 7.66 0.0010 44.0306542 22.0153271 10.90 <0.0001
Water 2 795.7001931 397.8500965 129.66 <0.0001 | 601.5810125 300.7905063 148.90 <0.0001
N 3 616.6975722 205.5658574 66.99 <0.0001 |.650.5636250 216.8545417 107.35 <0.0001
P 3 237.4243056 79.1414352 25.79 <0.0001 | 170.1623417 56.7207806 28.08 <0.0001
Rep. * Water 4 72.4097903 18.1024476 5.9 0.0004 9.9767958 2.4941990 1.23 0.3039
Water * N 6 38.9223736 6.4870623 a1l 0.0620 21.2578542 3.5429757 1.75 0.1210
Rep. * Water ¥ N 18 75.9340167 4.2185565 1.37 0.1711 51.2922333 2.8495685 1.41 0.1533
Water * P 6 18.1845403 3.0307567 0.99 0.4401 11.6875542 1.9479257 0.96 0.4556
N*Pp 9 47.9759111 5.3306568 1.74 0.0961 67.0993194 7.4554799 3.69 0.0008
Water * N * P 18 68.9984264 3.8332459 1.25 0.248 | 52.1552681 2.8975149 1.43 0.1423
Error 72 220.927867 3.068443 145.449317 2.020129
- Corrected Total 143 2240.188056 1825.255975
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Appendix 28: ANOVA table for weight in water (5 kg) and specific density of seed tubers in R Trials [ and I1

Weight of tubers  DF SS Mean Square FValue Pr>F |SS Mean Square F Value Pr>F
Source RTrial I RTrial I ‘

Water 2 0.10791667 0.05395833 28.08 <0.0001 | 0.15791667 0.07895833  57.81 <0.0001
N 3 0.07895833 0.02631944 13.70 <0.0001 | 0.07229167 0.02409722  17.64 <0.0001
p 3 0.08229167 0.02743056 14.28 <0.0001 | 0.07062500 0.02354167  17.24 <0.0001
Water * N 6 0.00541667 0.00090278 0.47 0.8217 | 0.00375000 0.00062500  0.46 0.8303
Water * P 6 0.01208333 0.00201389 1.05 0.4279 | 0.00708333 0.00118056  0.86 0.5392
N*p 9 0.02354167 0.00261574 1.36 0.2752 | 0.03354167 0.00372685  2.73 0.0334
Error 18 0.03458333 0.00192130 0.02458333 0.00136574

Total 47 0.34479167 0.36979167

Specific density of seed tubers :

Water 2 0.00702917 0.00351458 27.36 <0.0001 |0.01052917 0.00526458 5534  <0.0001
N 3 0.00481667 0.00160556 12.50 0.0001 | 0.00457500  0.00152500 16.03 <0.0001
P 3 0.00541667 0.00180556 14.05 <0.0001 | 0.00434167  0.00144722 1521 <0.0001
Water * N - 6 0.00027083 0.00004514 0.35 0.8999 | 0.00028750  0.00004792 0.50 0.7975
Water * P 6 0.00092083 0.00015347 1.19 0.3532 | 0.00047083  0.00007847 0.82 0.5655
N*Pp 9 0.00140000 0.00015556 1.21 0.3472 | 0.00187500  0.00020833 2.19 0.0750
Error 18 0.00231250 0.00012847 0.00171250  0.00009514

Total 47 0.02216667 0.02379167




Appendix 29: ANOVA table for starch and dry matter contents of seed potato tubers in RTrials I and 11

Starch content DF SS Mean Square F Value Pr>F SS Mean Square F Value Pr>F
Source (%) RTrial I RTrial 11

Water 2 74.67780417 37.33890208 2847 <0.0001 110.7172042  55.3586021 56.11 <0,0001
N 3 54.89910625 18.29970208 | 13.95 <0.0001 49.6986896  16.5662299 16.79 <0.0001
P 3 56.67037292 18.89012431 14.40 <0.0001 51.5231396 17.1743799 !7.41 <0.0001
Water * N 6 4.23016250 0.70502708 0.54 0.7729 2.3983792 0.3997299 0.41 0.8660
Water * P 6 8.68639583 1.44773264 1.10 0.3980 5.5395792 0.9232632 0.94 0.4937
N*p 9 16.90278542 1.87808727 1.43 0.2465 243968188 2.7107576 2.75 0.0325
Error 18 23.6077708 1.3115428 17.7602375 0.9866799

Corrected Total 47 239.6743979 262,0340479

Dry matter content of seed tubers (%)

Water 2 149.8887500  74.9443750 2849 <0.0001 | 222.0929167  111.0464583  56.48 <0.0001
N 3 109.8606250 36.6202083 13.92 <0.0001 99.5139583 33.1713194 16.87 <0.0001
P 3 113.8022917 37.9340972 14.42 <0.0001 102.7472917  34.2490972 17.42 <0.0001
Water * N 6 8.3212500 1.3868750 0.53 0.7804 4.8654167 0.8109028 0.41 0.8611
Water * P 6 17.5045833 2.9174306 1.11 0.3953 10.9520833 1.8253472 0.93 0.4982
N *PpP 9 33.7102083 3.7455787 1.42 0.2496 48 4835417 5.3870602 2.74 0.0328
Error 18 47.3454167 2.6303009 35.3895833 1.9660880

Total 47 480.4331250 524.0447917




" Source DF SS " Meun Square K Value Pr >F |88 Mean Square ¥ Value Pr>F
RTrial I RTrial Il :

Rep. 2 0.90462222 0.45231111 128.66 <0.0001 | 0.16751667 0.08375833 15.74 <0.0001
Water 2 10.103818006 5.05190903 1437.03  <0.0001 | 6.61848750 3.30924375 622.05 <0.0001
N 3 15.84595208  5.28198403 150248  <0.0001 | 39.03290000 13.01096667 2445.71 <0.0001
P 3 1.30380764 0.43460255 123.62 <0.0001 | 3.24452778 1.08150926 203.29 <0.0001

 Rep. * Water 4 0.34338194 0.08584549 24.42 <0.0001 | 0.55183333 0.13795833 2593 <0.0001
Water * N 6 0.05062083 0.00843681 2.40 0.0360 0.67931250 0.11321875 21.28 <0.0001
Rep. * Water * N 18 0.68074583 0.03781921 10.76 <0.0001 | 0.87415000 0.04856389 215 <0.0001
Water * P 6 0.01304861 0.00217477 0.62 0.7147 0.04978472 0.00829745 1.56 0.1715
R 9 0.00388403 0.00043156 0.12. 0.9990 0.12366111 0.01374012 2.58 0.0123
Water * N * P 18 0.04146806 0.00230378 0.66 0.8422 0.07599306 0.00422184 0.79 0.7009
Error 72 0.25311667 0.00351551 0.38303333 0.00531991
Corrected Total 143 29.54446597 51.80120000
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‘Source DF SS Mean Square  FValue Pr>F |SS Mean Square F Value Pr>F
RTrial | RTrial II
Rep. 2 0.00491806 0.00245903 11.12 <0.0001 | 0.00061250 0.00030625 2.30 0.1079
Water 2 0.15682222 0.07841111 354.70 <0.0001 | 0.10151250 0.05075625 380.67 <0.0001
N 3 0.54932986 0.18310995 828.31 <0.0001 | 0.45480833 0.15160278 1137.02 <0.0001
AP 3 0.05571875 0.01857292 84.02 <0.0001 | 0.04449722 0.01483241 111.24 <0,0001
Rep. * Water 4 0.02182778 0.00545694 24.68 <0.0001 | 0.01033750 0.00258438 19.38 <0.0001
Water * N 6 0.00512222 0.00085370 3.86 0.0021 | 0.00937083 0.00156181 11.71 <0.0001
| Rep. * Water * N 18 0.01840417 0.00102245 4.63 <0.0001 | 0.00698333 0.00038796 2.9 0.0007
Water * P 6 0.00038333 0.00006389 0.29 0.9404 | 0.00118194 0.00019699 1.48 0.1981
el 9 0.00255625 0.00028403 1.28 0.2601 | 0.00153611 0.00017068 1.28 0.2627
Water * N * P 18 0.00365000 0.00020278 0.92 0.5609 | 0.00173472 0.00009637 072 0.7770
Error 72 0.01591667 0.00022106 0.00960000 0.00013333
Corrected Total 143 0.8346493 0.64217500
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Appendix 32. ANOVA table for WUL (kg/m_l) RTrals and 11 . I

Source DF SS Mean Square FValue Pr>F |SS Mean Square  F Value Pr>F
RTrial RTrial 11
Rep. 2 20.130060 10.065030 6.43 0.0027 41.420560 ' 20.710280 3.1 <0.0001
Water 2 1182546168  591.273084 377.98 <0.0001 | 1905.697106 952.848553 631.77 <0.0001
N 3 1043.173914  347.724638 222,29 <0.0001 | 1556.992697 518.997566 344.11 <0.0b0]
P 3 733.866625 244.622208 156.38 <0.0001 | 997.860230 332620077 220.54 <0.0001
Rep. * Water 4 48.907769 12.226942 7.82 <0.0001 | 23.784986 5.946247 3.94 0.0060
Water * N 6 40.919449 6.819908 4.36 0.0008 50.801006 8.466834 5.61 <0.0001
Rep. * Water * N 18 32.162337 1.786797 1.14 0.3322 37.890304 2.105017 1.40 0.1605
Water * P 6 13.086587 2.181098 1.39 0.2287 .| 30.874806 5.145801 3.41 0.0051
N*p 9 30.199325 3.355481 213 0.0363 83.811478 9.312386 6.17 <0.0001
Water * N * P 18 10.584263 0.588015 0.38 0.9887 19.714061 1.095226 Q.73 0.7735
Error 72 112.629900  1.564304 108.592550 1.508230
Corrected Total 143 3268.206397 4857439783
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Appendix 33: ANOVA table for NUE (kg/kg) in RTrials I and 11

- Source DF SS Mean Square F Value Pr>F SS Mean Square  F Value Pr>F
RTrial I RTrial 1T

Rep. 2 2.0406380 1.0203190 2.04 0.1373 1.9950147 0.9975073 1.73 0.1846
Water 2 48.9731493 24 4865747 48.99 <0.0001 | 40.5541203 20.2770602 35.16 <0.0001
N 3 653.4811015  217.8270338 435.82 <0.0001 | 887.4226090 295.8075363 512,95 <0.0001
P 3 10.1483530 3.3827843 6.77 0.0004 22.5298747 7.5099582 13.02 <0.0001
Rep. * Water 4 9.6472360 2.4118090 4.83 0.0017 11.1142462 2.7785616 4.82 0.0017
Water * N 6 18.3331525 3.0555254 6.11 <0.0001 | 14.9468040 2.4911340 4.32 0.0009
Rep. * Water * N 18 12.4456952 0.6914275 1.38 0.1667 148071754 0.8226209 1.43 0.1459
Water * P 6 9.1870554 1.5311759 3.06 0.0100 2.1752555 0.3625426 0.63 0.7068
N*p 9 7.1439275 0.7937697 1.59 0.1352 12.4846220 1.3871802 241 0.0191
Water ¥ N * P 18 4.9223228 0.2734624 0.55 0.9244 4.8358276 0.2686571 0.47 0.9645
Error 72 359864103 0.4998113 41.520907 0.576679
Corrected Total 143 812.3090416 1054.386456




Appendix.34: ANOVA table for PUE (kg/kg) in RTrials [ and 11

Source DF SS Mean Square FValue Pr>F |SS Mean Square  F Value Pr>F
RTrial | RTrial 11
Rep. 2 30.050516 19.525258 8.03 0.0007 | 16.469820 8.234910 5.30 0.0071
Water 2 147.000597 73.500299 30.24 <0.0001 | 74.951005 37.475503 24.13 <0.0001
N 3 73.879696 24.626565 10.13 <0.0001 | 46.048046 15.349349 9.88 <0.0001
P 3 2285.793094  761.931031 313.53 <0.0001 | 2745.261236  915.087079 589.11 <0.0001
Rep. * Water 4 63.809056 15.952264 6.56 0.0001 | 8.395812 2.098953 1.35 0.2595
Water * N 6 28.659058 4.776510 1.97 0.0819 | 24.198583 4.033097 2.60 0.0247
Rep. * Water * N 18 69.875848 3.881992 1.60 0.0838 | 81.997789 4.555433 2.93 0.0006
Water * P 6 51.221393 8.536899 3.51 0.0042 | 27.646612 4.607769 2.97 0.0121
N * P 9 20.653397 3.204822 1.36 0.2245 | 70.038710 7.782079 5.01 <0.0001
Water * N * P 18 30.320442 1.684469 0.69 0.8067 | 16.863495 0.936861 0.60 0.8857
Error 72 174.972746 2.430177 111.840840 1.553345
Corrected Total 143 2994235843 3223.711949




dix tuble tor economic bene sh) per hectare in R rials Tand |1
Source DF SS Mean Square  F Value Pr>F SS Mean Square FValue Pr>F
RTrial 1 RTrial 11

Rep. 2 26040234833 13020117417 € - 0.0283 51801360699 25900680349 7.35 0.0012

Water 2 1.3876935E12 693846774093 199.78 <0.0001 . 1.7067213E12 853360651750 24228 <0.0001
N 3 1.4768603E12 492286754105 141.75  <0.0001 | 2.514259E12 838086349901 23795  <0.0001

1 3 1.3246023E12 441534116221  127.13 <0.0001 1.9950589E12 665019627372 188.81 <0.0001

Rep. * Water 4 86611360298 21652840074 6.23 0.0002 26487736589 6621934147.2 1.88 0.1232

Water * N' 6 164556806376 27426134396 7.90 <0.0001 116684536455 19447422743 5.52 <(.0001

Rep. * Water * N 18 46946690099 78244483498 2.25 0.0476 84148888790 4674938266.1 1.33 0.1975

Water * P 6 46946690099 78244483498 225 0.0476 28526416238 4754402706.3 1.35 0.2467

N*P 9 50816912174 56463235749 1.63 0.1241 169878959729 18875439970 5.36 <0.0001

Water * N * P 18 44451653277 24695362932 0.71 0.7889 44023956775 24457753764 0.69 0.8055

Error 72 250054060185  3472973058.1 253594801012  3522150014.1

Corrected Total 143  4.9344985E12 6.9911859E12
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Appendix 36: ANOVA table for percentage weight loss of seed tubers at 90 DAS in PTrials [ and I1 (15 tubers/treatment)

DF  SS Mean Square F Value Pr>F | S8 Mean Square F Value Pr>F
Source PTrial I PTrial I
Water 2 113.9662500 569831250  375.54 <0.0001 | 98.67541667 4933770833  279.09  <0.0001
N 3 9.0756250  3.0252083 . 19.94 <0.0001 | 11.41416667  3.80472222 21.52 <0.0001
p 3 11.6456250  3.8818750 2558  <0.0001 |27.49750000  9.16583333 51.85 <0.0001
Water * N 6 55687500  0.9281250 6.12 0.0012 | 6.05958333 1.00993056 5.71 0.0018
Water * P | 6 7.4137500 1.2356250 8.14 0.0002 | 8.63625000 1.43937500 8.14 0.0002
N * P 9 22468750  0.2496528 1.65 0.1761 | 3.43416667 0.38157407 2.16 0.0787
Error 18 27312500  0.1517361 3.1820833 0.1767824
Corrected Total 47 152.6481250 158.8991667




Appendix 37: ANOVA table for firmness (kgf) at harvest in PTrials [ and 11
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Source DF SS Mean Square  F Value Pr>F SS Mean Square F Value Pr>F
PTrial I ‘ PTrial U

Rep. 2 0.85541667 0.42770833 2.14 0.1255 1.39291667 0.69645833 6.31 0.0030
Water 2 3447791667 17.23895833 86.13 <0.0001 | 38.76541667 19.38270833  175.58  <0.0001
N 3 6.67916667 2.22638889 11.12 <0.0001 | 17.49576389 5.83192130 52.83 <0.0001
P 3 4234083333 14.11361111 70.51 <0.0001 | 48.92687500 16.30895833  147.73  <0.0001
Rep. * Water 4 0.11666667 0.02916667 0.15 0.9643 0.21791667 0.05447917 0.49 0.7405
Water * N 6 1.42875000 0.23812500 1.19 0.3216 0.44902778 0.07483796 0.68 0.6679
Rep. * Water * N 18 1024958333 0.56942130 2.84 0.0009 2.40083333 0.13337963 1.21 0.2782

~ Water * P 6 0.38041667 0.06340278 0.32 0.9263 135625000 0.22604167 2.05 0.0702
N * P 9  2.23083333 0.24787037 1.24 0.2859 3.60451389 0.40050154 3.63 0.0009
Water * N * P 18 5.20625000 10.28923611 1.45 0.1376 6.61152778 0.36730710 3.33 0.0001
Error 72 14.4116667 0.2001620 7.9483333 0.1103935
Corrected Total 143  118.3775000 129.1693750




Appendix 38: ANOVA table for firmness (kgf) at 90 DAS in PTrials I and 11

Source DF SS Mean Square  F Value Pr>F SS Mean Square F Value Pr>F
PTrial I : PTrial 1T
Rep. 2 0.14291667 0.07145833 2.02 0.1404 0.45500000 0.22750000 2.91 0.0609
Water 2 12.16541667 6.08270833 171.75  <0.0001 | 50.92125000 2546062500 32570  <0.0001
N 3 0.74854167 0.24951389 7.05 0.0003 75.92805556 2530935185 323.77 <0.0001-
P 3 29.93298611 9.97766204 281.72  <0.0001 | 63.43027778 21.14342593 27048  <0.0001
Rep. * Water 4 0.04166667 0.01041667 0.29 0.8809 0.10250000 0.02562500 0.33 0.8584
Water * N 6 1.08791667 0.18131944 512 0.0002 0.38652778 0.06442130 0.82 0.5550
Rep. * Water * N 18  2.26541667 0.12585648 3.55 <0.0001 1.11416667 0.06189815 0.79 0.7028
Water * P 6 0.18513889 0.03085648 0.87 0.5204 1.03597222 0.17266204 2.21 0.0518
N*P 9 0.77340278 0.08593364 2.43 0.0181 3.63472222 0.40385802 5.17 <0.0001
Water * N * P 18  0.82597222 0.04588735 1.30 0.2169 4.88069444 0.27114969 3.47 <0.0001
Error 72 2.55000000 0.03541667 5.6283333 0.0781713
Corrected Total 143 50.71937500 207.5175000
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Appendix 39: ANOVA table for total soluble solids (%) at harvest before storage in PTrials I and II

Source DF SS Mean Square FValue Pr>F |SS Mean Square F Value Pr>F
PTrial I PTrial I1
Rep. 0.93875000 0.46937500 8.71 0.0004 | 0.30013889 0.15006944 6.70 0.0021
Water 2 1.79541667 0.89770833 16.67 <0.0001 1.72722222 0.86361111 38.58 <0.0001
N 3 7.00083333 2.33361111 4332 <0.0001 | 12.36250000 4.12083333 184.10 <0.0001
E 3 15.77583333 5.25861111 97.62 <0.0001 | 12.76805556 4.25601852 190.13 <0.0001
Rep. * Water 4 0.02583333 0.00645833 0.12 0.9750 | 0.20944444 0.05236111 2.34 0.0632
Water * N 6 0.87625000 0.14604167 2.7 0.0198 | 1.04000000 0.17333333 7.74 <0.0001
Rep. * Water * N 18 1.69041667 0.09391204 1.74 0.0510 | 0.67875000 0.03770833 1.68 0.0624
Water * P 6 2.49958333 0.41659722 7.T3 <0.0001 | 1.19611111 0.19935185 8.91 <0,0001
N*P 9 1.48972222 0.16552469 3.07 0.0036 | 2.46027778 0.27336420 12.21 <0.0001
Water * N * P 18 1.22652778 0.06814043 1.27 0.2370 | 2.21888889 0.12327160 5.581 <0.0001
Error 72 3.87833333 0.05386574 1.61166667 0.02238426
Corrected Total 143 37.19750000 | 36.57305556
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Appendix 40: ANOVA table for total soluble solids (%) at 90 DAS in PTrials 1 and I1

Source DF SS Mean Square  F Value Pr>F SS Mean Square F Value Pr>F
PTrial I ‘| PTrial 11
Rep. 2 0.40541667 0.20270833 . 7.35 0.0012 0.35013889 0.17506944 11.76 <0.0001
~ Water 2 28.86000000 14.43000000 523.41 <0.0001 | 25.01097222  12.50548611 840.18  <0.0001
N 3 9.45631944 3.15210648 11433  <0.0001 | 7.06409722 2.35469907 15820  <0.0001
P 3 13.27020833 4.42340278 160.45  <0.0001 | 7.62854167 2.54284722 170.84  <0.0001
Rep. * Water 4 0.07833333 0.01958333 0.71 0.5875 0.21194444 0.05298611 3.56 0.0105
Water * N 6 0.18722222 0.03120370 1.13 0.3528 0.05569444 0.00928241 0.62 0.7108
Rep. * Water * N 18 1.08458333 0.06025463 2.19 0.0104 0.51958333 0.02886574 1.94 0.0255
Water * P 6 1.41500000 0.23583333 8.55 <0.0001 | 0.10458333 0.01743056 1.17 0.3314
NP 9 0.08618056 0.00957562 0.35 0.9555 0.10173611 0.01130401 0.76 0.6537
Water * N * P 18 0.27111111 0.01506173 0.55 0.9249 0.21097222 0.01172068 0.79 0.7077
Error 72 198500000 0.02756944 1.07166667 0.01488426
Corrected Total 143 57.09937500 42.32993056




Appendix 41: ANOVA table for sprouting (%) at 90 DAS in P'lrals | and [1

Source DEFE SS Mean Square  F Value Pr>F SS Mean Square FValue Pr>F
PTrial I PTrial Il
Rep. 2 1040.202950 520.101475 15.29 <0.0001 | 11.348643 5.674322 0.15 0.8575
Water 2 4322.199554 2161.099777 63.54 <0.0001 | 5613.363226 2806.681613 76.18 <0.0001
N 3 3870.078814 1290.026271 37.93 <0.0001 | 3208.843574 1069.614525 29.03 <0.0001
P 3 4153.854314 1384618105 40.71 <0.0001 | 5430422913 1810.140971 49.13 <0.0001
Rep. * Water 4 822.081971 205.520493 6.04 0.0003 56.713449 14.178362 0.38 0.8188
Water * N 6 189.797107 31.632851 0.93 0.4788 201.120007 33.520001 0.91 0.4929
Rep. * Water * N 18  722.586029 40.143668 1.18 0.3002 952.220325 52.901129 1.44 0.1416
Water * P 6 246.647424 41.107904 1.21 0.3119 597.826335 09637722 2.70 0.0200
Nep 9 126.187692 14.020855 0.41 0.9246 907.303895 100.811544 2.74 0.0083
Water * N * P 18 320.276804 17.793156 0.52 0.9382 614.974432 34.165246 0.93 0.5496
Error 72 2448.83032 3401153 2652.53425 36.84075
Corrected Total 143 18262.74298 20246.67105
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Appendix 42: ANOVA table for sprouts length (cm) at 90 DAS in PTrials I and 11

Source DF SS Mean Square  FValue Pr>F SS Mean Square  F Value Pr>F
PTrial | PTrial H

Rep. 2 46.0172222 23.0086111 16.87 <0.0001 3.0605556 1.5302778 3.01 0.0558
Water 2 900.4143056 450.2071528 330.18 <0.0001 74.9059722 37.4529861 73.55 <0.0001
N 3 374.5035417 124.8345139 91.55 <0.0001 125.0018750  41.6672917 81.83 <0.0001
P 3 643.7446528 214.5815509 137.37 <0.0001 094 .5885417 31.5295139 61.92 <0.0001
Rep. ¥ Water 4 9.1219444 2.2804861 1.67 0.1658 | 1.3461111 0.3365278 0.66 0.6212
Water * N 6 26.1529167 4.3588194 3.20 0.0077 2.2912500 0.3818750 0.75 0.6115

| Rep. * Water * N 18  20.7141667 1.1507870 0.84 0.6441 10.0900000 0.5605556 1.10 0.3695
Water * P 6 17.9584722 2.9930787 2.20 0.0532 14.9745833 2.4957639 4.90 0.0003
N P 9 29.6756250 3.2972917 2.42 0.0185 2 6011806 0.2890201 0.57 0.8192
Water * N * P 18  10.6854167 0.5936343 0.44 0.9748 11.9148611 0.6619367 1.30 0.2142
Error 72 98.173333 1.363519 36.6633333 0.5092130
Corrected Total 143 2177.161597 377.4382639




' xPpenZ“x 43, ANOVA table for number of stems tn 1P Trials 1 and 11 ; : IR,

Source DF SS Mean Square F Value Pr>F SS Mean Square  F Value Pr>F &
PTrial 1 PTrial U1
Rep. 2 .0.22222222 O.11111111 0.18 0.8391 0.79166667 0.39583333 0.80 0.4520
Water 2 38.84722222 1942361111 30.74 <0.0001 27.37500000  13.68750000 2r76 <0.0001
N 3 16.13888889 5.37962963 851 <0.0001 26.97222222  8.99074074 18.23 <0.0001
P 3 52.97222222 17.65740741 27.94 <0.0001 57.47222222  19.15740741 38.85 <0.0001
Rep. * Water 4 286111111 0.71527778 1.13 0.3484 2.83333333 0.70833333 1.44 0.2307
Water * N 6 0.48611111 0.08101852 0.13 0.9924 3.06944444 0.51157407 1.04 0.4083
Rep. * Water * N 18  6.75000000 0.37500000 0.59 0.8931 8.20833333 0.45601852 0.92 0.5524
Water * P | 6 215277778 0.35879630 0.57 0.7546 1.40277778 0.23379630 0.47 0.8254
N*P 9 1.75000000 0.19444444 0.31 0.9700 4.63888889 0.51543210 1.05, 0.4134
Water * N * P 18  5.62500000 0.31250000 0.49 0.9525 5.48611111 (.30478395 0.62 0.8739
Error 72 45.5000000 0.6319444 35.5000000 0.4930556
Corrected Total 143  173.3055556 173.7500000




- _Appe;ldlx44 ANOVA table for stem density in P'l'rials [ and 11

Source DF SS Mean Square  F Value Pr>F SS Mean Square FValue Pr>F
PTrial I PTrial 1T
Rep. 2 31.468889 15.734444 0.18 0.8380 110.723889 55361944 0.80 0.4535
Water 2 5453.117639 2726.558819 30.71 <0.0001 | 3848.659306  1924.329653 27.79 <0.0001
N 3 2266.330764 755.443588 8.51 <0.0001 | 3783.231319 1261.077106 18.21 <0.0001
P 3 7436.584097 2478.861366 2792 <0.0001 | 8071.841875  2690.613958 38.86 <0.0001
Rep. * Water 4 401.007778 100.251944 1.13 0.3497 399.150694 99.787674 1.44 0.2293
Water * N 6 68.197361 11.366227 0.13 0.9925 430.908472 71.818079 1.04 0.4086
Rep. * Water * N 18 949345000 52.741389 0.59 0.8926 1149.637083  63.868727 0.92 0.5552
Water * P 6 302.432361 50.405394 0.57 0.7547 197.264583 32.877431 0.47 0.8249
N*Pp 9 246.605625 27.400625 0.31 0.9697 | 650.288403 72.254267 1.04 0.4148
Water * N * P 18  788.837083 43.824282 0.49 0.9529 770.367639 42.798202 0.62 0.8740
Error 72 6393.01833 88.79192 4985.63500 69.24493
Corrected Total 143 24336.94493 24397.70826
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Appendix 45: ANOVA table for postharvest evaluation plant height (cm) at 22 DAP in

PTrials I and Il
Source DF SS Mean Square  F Value Pr>F SS Mean Square FValue Pr>F
PTrial 1 PTrial Il

Rep. 2 8.6805556 4.3402778 3.10 0.0509 5.5416667 2.7708333 3.25 0.0444
Water 2 411.0555556 205.5277778 147.00  <0.0001 | 143.2916667 71.6458333 84.11 <0.0001
N 3 89.0000000 29.6666667 21.22 <0.0001 | 24.1875000 8.0625000 9.46 <0.0001
P 3 356.0555556 118.6851852 84.89 <0.0001 | 219.2430556  73.0810185 85.79 <0.0001
Rep. * Water 4 15.0277778 3.7569444 2.69 0.0379 0.1666667 0.0416667 0.05 0.9954
Water * N 6 23.0000000 3.8333333 2.74 0.0186 7.0416667 1.1736111 1.38 0.2353
Rep. * Water * N 18 3.6250000 0.2013889 0.14 1.0000 18.9583333 1.0532407 1.24 0.2571
Water * P 6 2.9444444 0.4907407 0.35 0.9071 79861111 1.3310185 1.56 0.1706
N*P 9 142777778 1.5864198 1.13 0.3502 5.8958333 0.6550926 0.77 0.6451
Water * N * P 18  32.5555556 1.8086420 1.29 0.2182 30.7916667 1.7106481 2.01 0.0199
Error 72 100.666667 1.398148 61.3333333 0.8518519
Corrected Total . 143  1056.888889 524.4375000
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Appendix 46: ANOVA table for postharvest evaluation plant height (cm) at 36 DAP in PTrials I and 11

Source DF SS Mean Square F Value Pr>F SS Mean Square F Value Pr>F
PTrial [ PTrial i1

Rep. 2 25347222 12.673611 1.67 0.1953 3.2916667 1.6458333 0.41 0.6638
Water 2 1625430556 812715278 107.14  <0.0001 | 794.0000000  397.0000000 9942  <0.0001
N 3 1391.805556  463.935185 61.16  <0.0001 | 5593888889  186.4629630 46.70 <0.0001
p 3 969361111 323.120370 4260  <0.0001 |3482222222 116.0740741 29.07 <0.0001
Rep. * Water 4 6527778 1.631944 0.22 0.9292 15.7083333  3.9270833 0.98 0.4221
Water * N 6 47402778 7.900463 1.04 0.4059 | 221111111 3.6851852 0.92 0.4838
Rep. * Water * N 18 139.291667 7.738426 1.02 0.4490 | 59.5000000  3.3055556 0.83 0.6624
Water * P 6 82.180556 13.696759 1.81 0.1100 40.2777778 6.7129630 1.68 0.1380
N*P 61.472222 6.830247 0.90 0.5296 | 24.8333333  2.7592593 0.69 0.714
Water * N * P 18 136319444 7.573302 1.00 04719 | 81.1666667  4.5092593 1.13 0.3436
Error 72 546.166667 7.585648 287.500000  3.993056

143 5031.305556 2236.000000

Cormrected Total




Appendix 47: ANOVA table for postharvest evaluation plant height (cm) at 50 DAP in PTrials I and I

Source DF SS Mean Square  F Value Pr>F SS Mean Square FValue Pr>F
PTrial 1 PTrial 11
Rep. 2 14.388889 7.194444 0.29 0.7489 159.291667 79.645833 4.89 0.0102
Water 2 3812.763889 1906.381944 76.92 <0.0001 1519.291667  759.645833 46.59 <0.0001
N 3 2013.576389 671.192130 27.08 <0.0001 | 714.944444 238.314815 14.62 <0.0001
P 3 2383.243056 794.414352 32.05 <0.0001 1141.888889  380.629630 2335 <0.0001
Rep. * Water 1 365.944444 91.486111 3.69 0.0086 114.791667 28.697917 1.76 0.1463
Water * N 6 310.402778 51.733796 2.09 0.0652 30.263889 5.043981 0.31 0.9301
Rep. * Water * N 18  517.833333 28.768519 1.16 0.3164 133.416667 7.412037 0.45 0.9686
Water * P 6 65.236111 10.872685 0.44 0.8506 41.819444 6.969907 0.43 0.8583
N*p 9 190.784722 21.198302 0.86 0.5686 61.722222 6.858025 0.42 0.9200
Water * N * P 18 322486111 17.915895 0.72 0.7769 301.736111 16.763117 1.03 0.4407
Error 72 1784.50000 24.78472 1173.833333  16.303241
Corrected Total 143  11781.15972 5393.000000




e
Appendix 48: ANOVA table for postharve: t evaluation plint height (cm at 57 DAP in PTrials I and 11

Source DF SS Mean Square FValw Pr>F SS Mean Square F Value Pr>F

. PTrial 1 PTrial IE
Rep. 2 51.097222 25.548611 0.29 0.7508 65.041667 32.520833 1.51 0.2280
Water 2 4282930556 2141.465278 24.12 <0.0001 2531791667  1265.895833 58.74 <0.0001
N 3 2945055556 981.685185 11.06 <0.0001 | 1390.027778 463.342593 21.50 <0.0001
p 3 8795277778 2931.759259 33.02 <0.0001 | 2420.972222  806.990741 37.45 <0.0001
Rep. * Water 4 471.652778 117.9131614 1.33 0.2678 260.166667 65.041667 3.02 0.0233
Water * N 6 53.569444 8.928241 0.10 0.9961 94 430556 15.738426 0.73 0.6267
Rep. * Water * N 18  1435.750000 79.763885 0.90 0.5823 235.791667 13.099537 0.61 0.8821
Water * P 6 317.180556 52.863426 0.60 0.7330 83.819444 13.969907 0.65 0.6913
N*P 9 1368.111111 152.01234> 1.71 0.1018 114.750000 12.750000 0.59 0.7998
Water * N * P 18  2002.097222 111.227623 1.23 0.2455 | 273.291667 15.182870 0.70 0.7955
Error 72 6392.83333 88.78935 1551.666667 21.550926
Corrected Tota! 143 28115.55556 9021.750000
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Appendix 49: ANOVA table for postharvest evaluation number of tubers per plant in PTrials I and 11

Source DF SS Mean Square  F Value Pr>F SS Mean Square FValue Pr>F
PTrial I PTrial 11
Rep. 2 7.5416667 3.7708333 1.59 0.2105 0.5416667 0.2708333 0.15 0.8645
Water 2 414.0416667 207.0208333 8742 <0.0001 762.7916667  381.3958333 205.44 <0.0001
N 3 223.1666667 74.3888889 3141 <0.0001 286.3541667 954513889 5142 <0.0001
P 3 2101111111 70.0370370 29.58 <0.0001 419.9652778  139.9884259 75.41 <0.0001
Rep. * Water 4 1.5416667 0.3854167 0.16 0.9565 5.6666667 1.4166667 0.76 0.5527
Water * N 6 19.7916667 3.2986111 1.39 0.2292 37.3750000 6.2291667 3.36 0.0057
Rep. * Water * N 18  54.4166667 3.0231481 1.28 0.2292 105.4583333  5.8587963 3.16 0.0003
Water * P 6 11.8472222 1.9745370 0.83 0.5478 17.9305556 2.9884259 1.61 0.1569
H*P 12.5000000 1.3888889 0.59 0.8040 12.2291667 1.3587963 0.73 0.6783
Water * N * P 18  40.5416667 2.2523148 0.95 0.5231 35.4583333 1.9699074 1.06 0.4076
Error 72 170.500000 12.368056 133.666667 1.856481
Corrected Total 143 1166.000000 1817.437500
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INTEGRATION OF IRRIGATION WATER AND MINERAL NUTRIENT
SUPPLY EFFECTS ON FIRMNESS AND TOTAL SOLUBLE SOLIDS
CONTENT OF SEED POTATO (Solanum tuberosum 1.)

G. K. Gathungu“***J. N. Aguyoh:and, D. K. Isutsa®
'KARI Molo, P. O. Box 100, Molo -Kenya

ABSTRACT

Potato (Solanum tuberosum L.) is of significant economic and nutritional importance in many countries. Establishment of
good fertility, proper nitrogen, phosphorus and potassium fertilisation together with adequate water supply is critical in
improvement of seed potato quality. Trials were conducted from August 2011 on a Farm at Egerton University to determine
the effects of imigation water, nitrogen (N) and phosphorus (P) on quality of seed potatoes. The three factors were tested in a
split-split plot design with Irigation water assigned to main plots. N to subplots and P to sub-subplots. The treatments were
replicated three times and repeated once. The treatments consisted of three irrigation rates (40%, 65% and 100% field
capacity), applied throughout the potato growth period in drip tube lines. Water was supplied to root zones only, leaving the
inter-row spaces dry. Nitrogen was supplied as urea (46% N) at four rates (0, 75. 112.5 and 150 kg N/ha), each in two splits,
with the first half at planting and the second at 5 weeks afier planting. Phosphorus was supplied at planting time as triple
superphosphate (46% P203) at four rates (0, 115, 172.5 and 230 kg P205/ha), translating to 0, 50.6, 75.9, 101.2 kg P/ha.
Analysis of variance revealed significant differences in firmness and total soluble solids (TSS) as affected by irrigation
water, N and P supply. High irmigation water resulted in relatively low firmness (9.23 and 10.17), compared to low irrigation
water, which had high firmness (10.43 and 11.44) in both trials. The low N supply improved firmness (9.51 and 10.31),
while the low P rate reduced firmness of the seed potatoes (9.07 and 9.98). While high irrigation water supply reduced TSS,
high supply of both P and N increased TSS. The 100% irrigation water (5.48 and 5.52) and both low N by P supply (5.33 and
5.49) resulted in relatively low TSS, compared to 40% irmigation water (6.00 and 6.06) and high N by P supply (5.66 and
5.93) in both trials. It is recommended to apply low irrigation water and N but high P to increase firmness that reduces
susceptibility of seed potatoes to mechanical injury and decay in storage, leading to low deterioration. In addition, low
irrigation water plus high N and P should be supplied 1o increase TSS content that enhances seed potato tuber physiology
and growth of resulting potato plants.

Key Words: Potato, water, mineral nutrients, firmness. total soluble solids

#Corresponding Author: gkgathungu@yahoo.com, “Department of Crops, Horticulture and Soils, Egerton University, P. O.
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Abstract

Potsto has overtime generated special imponance in most parts of Kenya and the world as 2 means of
strengthening food security and increasing revenue for farmers. However, polato productivity and industry
expansion have been constrained by the poor quality seed twbers being produced in the informa! seed sector due
o inadequare supply of initial planting materials. improper fenilize- management practices and irregular rainfall
patterns. A study was done at the Hormicultural Research and Teaching Farm of Egerton University o determine
the effect of integration of irrigation water, nitrogen and phosphorus rates on seed tuber relative weight loss and
sprouting characteristics after storage. The three factors were tested in a split-split plot design where irrigation
water supply was assigned to main plots, N to subplots and P to sub-subplots. The treatments were replicated
three times and the trial repeated once. The treatmenis consisted of three imigation water rates (40%. 65% and
100% field capacity). applied throughout the potato growth period through drip tube lines. Nitrogen was supplied
as urea {46% N) at four equivalent rates of 0, 73, 112.5 snd 150 kg N/ha. while phosphorus was supplied at
planting lime as triple superphosphate (46% P.O;) at four mes of 0, (15, 1725 and 230 kefha P.Os. which
- transtated into O, 50.6. 75.9, 101.2 ke P/ha Data coliecred included relative percentage weight loss, number of
sprouts and sprouting pefcentage. Data collected was subjected to analysis of variance and significantly different
means separated using Tukey's Studentized Range Test at p £ 0.05. The 100% compared to 65% and 40%
imigation water rates resulted in relatively high weight loss. sprout length and reduced the number of sprouts and
sprouting percentage of seed tubers. N and P rates penerelly decrsased the relative weight loss, improved the
number of sprouts and sprouting percentage. It is recommended to apply iow 1o imermediate irrigation water,
intermiediate 1o high N and P rates o reduce the percentage relative weight loss and sprouting characteristics.

Keywords: potaio. irigation water. nitrogen, phosphorus. seed. weighi loss. sprouting
L. imtreduction

Potato has overtime generated special importance in most parts of Kenya and other parts of the world as a means
of strengthening food security and increasing revenue for farmers. Potato piays an important role in the Kenyan
economy and is currently one of the most imporiant food and cash crops. Pomto productivity and industry
cxpansion have been constrained by the peor quality sed tubers being produced in the informal seed secior.
Paor seed arise from inadeguate supply of initial planting materials. improper fertilizer management practices
and irregular rainfe!l patterns. One of the main constraints is the cost of producing seed tubers since this can
account for betwsen 30% and 50% of the total production expense depending on the country or region (Corren.
et al, 2009} The seed potato tubers must presemt goad physiclogical characteristics such as minimal weight loss
in storage, firmness, total soluble solids content, and sprowability, which are crucial in improving production at
the farm Ievel. Poor potato seed tuber quality, irrigation. mineral fertilization, insect pest and disease forecasting,
as well as poor planting dates and storage conditions are some of the factors that hinder potate productivity
{Walingo et al.. 2004).

Pouto vield is affected by seed quality chamacteristics, which include wiber size. shape, wounds, health and
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ABSTRACT

‘its great yield potential and hlgh nuiritive vaiuz. In Kenya, potato is constrained by law

| Potate is the world's fourth important food crop after wheat, rice and maize because: oﬂ
seed tu’aer pmducmr. i the Informal. z;emn' This € partly due-to M‘Drouer ferttl:zer

mmmebbﬂmmmﬁeseaeram a‘Egevfun University in Kanya*ﬁom“"ls i
August to 18 December 2011 (Trial ) anc 5™ April to 67 August 2012 (Trial 1o |
mmmxmmmm nmnganm)amdphosphums{mi
supply ontuber yield and size ﬁﬁlimhan’rhelaymﬂwasaspm-epﬁt design with
#rrigation (40%, §5% and 100% field ‘capacity) assigned to main plots;: N (0,75, 1125
and 150 kg N/ha)to subplots and P {0, 115, 172.5 and 230 kg/ha P:0s, corresponding o
0, 506, 75.8, 101.2 kg P/ha) to sub-subplois. The treatments were Teplicated ‘three
“times and- repeated once: The “migation water rates were applied in drip ‘tube Jines. |
Nm'ogen ‘was supplied-as urea (46% N} in two equivalent splits, af pianting ttma:mcat'.i i
‘weeks afier planting. Phospharus was supphed at planting time as triple superphosphate’
{48% P.0s): Data were collecied on number, yuekiandszetﬁsﬂihuﬁona‘lwbemai’
! ‘harvest and sublected fo analysis of variance. Slgmﬁmnﬂy different means werei
separated using ruxey’s.s‘tudaiﬁzaﬁ Range Testal £ = 0.05 The €53 Frigaticn waler .
and the high'N and P rates resulted in refatively high number. yield and quantity of seed | |
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