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A study was conducted to determine the response of potato (Solanum tuberosum L.) to different rates of nitrogen (N)
applied as urea (0, 69, 138 and 207 kg/ha) and phosphorus (P) (0, 20, 40 and 60 kg/ ha) fertilization on Vertisols of
Debre Berhan in the highlands of central Ethiopia. Application of 207 kg N/ha delayed days to flowering and
physiological maturity by four and nine days, respectively compared to the control. Similarly, it increased plant
height by 24 cm, above ground biomass by 224.5%, underground biomass by 108%, marketable tuber yield by 175%,
total tuber yield by 119%, marketable tuber number by 95.6%, total tuber number by 34% and average tuber weight by
82% over the control. On the contrary, nitrogen fertilization significantly reduced tuber specific gravity and dry matter
content without affecting stem number, unmarketable tuber yield and number, and harvest index. Application of 60
kg P/ha significantly increased days to flowering by two days, plant height by 10.5 cm, aboveground and
underground biomass by 32 and 28% respectively, marketable tuber yield by 60%, and marketable tuber number by
43%. Other parameters such as days to physiological maturity, stem number, total tuber yield and number,
unmarketable tuber yield and number, average tuber weight, specific gravity, dry matter content and harvest index
were not significantly influenced by phosphorus fertilization. Total tuber yield was positively correlated with total
tuber number (r = 0.60***), marketable tuber number (r = 0.87***) and average tuber weight (r = 0.81***) indicating that
tuber yield increase in response to the fertilization was due to the increase both in tuber number and weight. It was
observed that application of 138 kg N and 20 kg P/ha is required for optimum productivity of Gorebiella variety on the
vertisols of Debere Berhan in the central highlands of Ethiopia under rain fed conditions.
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INTRODUCTION

In terms of dry matter production per hectare, potatoes  population experience recurrent malnutrition due to heavy
are among the most productive crops grown in the deve- dependence on cereal crops and poor crop productivity
loping countries. Potato is a very important source of nu- provided that appropriate agronomic practices are
tritious food for the different parts of the country. How- applied.

ever, in central highlands of Ethiopia particularly in North The average nutrient depletion in East Africa, particu-
Shewa since the soil is predominantly vertisols, its great larly of Ethiopia is estimated to be around 47 — 88

potential has not been adequately exploited. Research  kg/ha/year in general and 100 kg/halyear in particular on
work have indicated that potato could be one of the most  the highlands (Henao and Baanante, 1999). Major factors
important crops to be introduced in the area where the contributing to such depletion are soil erosion, fixation of
phosphorus and leaching in respect of nitrogen and po-
tassium, further accelerated by deleterious land use prac-
tices resulting from high population pressure. Plants re-
*Corresponding author. E-mail:  tekaligntsegaw@yahoo.com. quire a variety of elements for growth and development of
Tel.: 00251-915731357. which N, P, and K are the most important of the essential




Table 1. Physical and chemical properties of the soil of
the experimental site.

Parameter Value
Texture Clay
Total N 0.2%
Available P 5.4 ppm
Exchangeable K 1.5 meqg/100 g
Ca 23.5meg/100 g
Mg 11.0 meqg/100 g
Cation Exchange Capacity 42.3 meq/100 g
pH 5.7
Organic matter content 4.35%
C/N ratio 18.8
Percentage base saturation 85.7%.

nutrients to plants because they are required in large
guantities. The deficiency of these elements is mani-
fested in the detrimental effects on the growth and deve-
lopment of the plants (Tisdale et al., 1995). Furthermore,
high mobility of N and high affinity of P and K for che-
mical reactions and fixation in the soils solid phase put
these plant nutrients on the priority list in soil fertility
management studies (Kleinkopf et al., 1981).

In Ethiopia, the results of variety trials conducted over
several locations on different crop species clearly indi-
cated that soil nutrient stress is the most significant para-
meter controlling crop yield (Tamirie, 1989). Neverthe-
less, it is significant to note that fertilizer response is di-
rectly related to soil and crop types emphasizing that soils
varying in fertility status and crop species respond
differently to applied fertilizers. Low soil fertility is under-
lined as the critical problem among several production-
limiting factors of the North Shewa area. The area is one
of the oldest agricultural areas in Ethiopia and due to loss
of soil fertility and shortage of land for grazing; it can now
hardly support its population (Amare, 1978), thus neces-
sitating external supply of inorganic and organic fertilizer
inputs to increase crop productivity.

Potatoes respond well to the application of both farm-
yard manure and inorganic fertilizers. According to
Bereke (1988), an application of 150 - 66 kg/ha of N-
P>Os under rain fed conditions resulted in a tuber yield
advan-tage of 32% over the unfertilized control. An
experiment conducted at Alemaya on clay soil indicated
that appli-cation of 87 - 46 kg/ha of N-P20s is needed for
optimum potato production (Getu, 1998). Application of
110-90 kg/ha of N-P20s5 was recommended for potato
production on the black soil of Holetta (IAR, 2000) .
Hence, fertilizer requirement varies across locations due
to many reasons such as difference in soil types, nutrient
availability of the soil, economic factors of the area,
moisture supply and variety.

Farmers in the study area are also conscious of the
response of potato to applied nutrients and raise the crop
in homesteads using farmyard manure and household

garbage. They do not, however, know the type and rate
of fertilizers to be applied for individual crop species and
cultivars for improving crop productivity. Moreover,
regardless of the fertility status of the soil and the types of
cultivar, the blanket national recommendation of 165
kg/ha urea and 195 kg/ha Diammonium Phosphate (DAP)
is being used for potato production in North Shewa. One
of the major problems resulting in lower po-tato
productivity in the zone is inadequate agronomic practice
due to the lack of fertilizer rate recommendations based
on the local conditions. To address this problem the study
was initiated with the major objective of investi-gating the
effects of different rates of N and P fertilization on the
yield and yield components of potato grown on vertisols,
central highland of Ethiopia.

MATERIALS AND METHODS
Description of the study area

The experiment was conducted at Debre Berhan Research Center,
(9° 36’ latitude, 39° 38" longitude and altitude of 2780 m above sea
level), which is located in central highland of Ethiopia. The experi-
ment was conducted under rain fed condition, from June to October
2007. During the study period, the mean maximum temperature
was 18.6°C (range 17.9 — 20.9° C) and minimum temperature was
8.2°C (range 5.4 - 9.60C). In the same period, a total of 1045.5 mm
precipitation was received and the mean relative humidity was 70.
9% (range 58.4 — 80.3%) . The field experiment was conducted on
Vertisols and the physical and chemical properties of the soil are
presented in Table 1.

Experimental treatments, design and procedures

Potato variety Gorebiella was used for the study. The treatments
used consisted of the combinations of four levels of N (0, 69, 138
and 207 kg/ha) and four levels of P (0, 20, 40, and 60 kg/ha). The
entire rate of P and the half rate of the N fertilizers were applied at
the time of planting. The remaining half of the N was applied 45
days after planting. Urea (46% N) and Triple Super Phosphate,
Triple Super Phosphate (46% P20s) were used as fertilizer sources
for N and P, respectively.

The design used was a 4 x 4 factorial experiment arranged in a
Randomized Complete Block, replicated three times. The plot size
was four rows of each 3 m long and medium size and well -
sprouted potato tubers were planted at a spacing of 75 cm between
rows and 30 cm between plants. Spacing between plots and
replications were 1 and 1.5 m, respectively. Cultural practices such
as weeding, cultivation and ridging were practiced as per the
recommendation of the horticulture division of the Debre Berhan
Research Center. To control late blight disease, Ridomil (3 g/l) was
applied at weekly intervals since the incidence was observed.

Data collection

Days to flowering were recorded when 50% of the plant population
attained the flowering stage. Plant height was determined by
measuring height from the base of the main shoot to the apex at full
blooming. Number of stems per hill was recorded as the average
stem count of five hills per plot reached at flowering stage. Only
stems arising from the mother tuber were considered as main
stems. Above ground (stem and leaves) and underground (roots,



Table 2. Phenology and growth parameters of potato as affected by N and P application.

Treatment Days to Days to physiological Stem number Plant height
flowering maturity (per hill) (cm)
N fertilizer rates (kg N/ha)
0 60.08d 104.83c 4.33 51.42d
69 61.17c 108.83b 4.47 65.76¢C
138 62.42b 110.25b 4.95 71.28b
207 63.92a 114.33a 4.93 75.74a
Level of significance rk ok Ns il
P fertilizer rates (kg P/ha)
0 60.75¢c 109.08 4.78 60.68b
20 61.58b 109.42 441 66.16a
40 62.33ab 109.00 4.97 66.20a
60 62.92a 110.75 4.53 71.17a
Level of significance ok ns ns **
CV (%) 1.61 2.24 12.15 7.91

*Means of the same main effect within a column followed by the same letter are not significantly different at p > 0.05; ns =

non significant, ** = significant at 1%, *** = Significant at 0.1%.

stolons, and tubers) biomass were recorded by taking the average
dry biomass of three randomly selected plants six weeks after
flowering (CIP, 1984). At this stage, the vines were still green but
practically ceased growth. Samples were air dried and then oven
dried at 72°C to constant mass.

Days to physiological maturity was recoded when the leaves of
70% of the plants in the plot turned yellowish. Tuber number and
yield were represented by taking the average of 16 hills per plot.
Healthy tuber with a size more than or equal to 50 g (weighed using
sensitive balance) was considered marketable while rotten,
diseased, insect attacked, deformed tuber and those having a
weight less than 50 g was categorized as unmarketable. Average
tuber fresh weight was recorded by dividing total fresh weight of
tubers per plot by the total number of fresh tubers. Tuber specific
gravity was measured using the weight in air and weight in water
method (Kleinkopf et al., 1987). To determine, dry matter content
tubers from five randomly selected plants per plot were washed,
chopped and mixed and 200 g sample was taken and pre-dried at a
temperature of 60°C for 15 h and further dried for 3 h at 105°C in a
drying oven. It was calculated as the ratio between dry and fresh
mass expressed as a percentage. Harvest index was determined as
the ratio of fresh weight of tubers to the total biomass fresh weight
at harvest.

Data analysis

All crop data were subjected to analyses of variance, using SAS
statistical software (SAS, 1999) version 8.1. Means were separated
using Student Newman Keuls (SNK) test. Simple linear correlations
between parameters were computed when applicable.

RESULTS
Days to flowering and days to maturity

Nitrogen and P fertilization significantly influenced day
required for flowering and to attain physiological maturity
in potato (Table 2). Application of 207 kg N/ha delayed
flowering and maturity by about 4 and 9 days, respec-

tively as compared to the unfertilized treatment. Similarly,
increasing P application from 0 to 60 kg P/ha prolonged
the days to flowering by about 2 days. P fertilization did
not significantly influence physiological maturity of Gore-
biella variety (Table 2).

Nitrogen, P fertilization and their interaction did not sig-
nificantly influence the number of stems initiated as pre-
sented in Table 2. On the contrary, N fertilization at a rate
of 207 kg N/ha and P at 60 kg P/ha increased plant
height by about 24 and 10.5 cm, respectively compared
to the control.

Aboveground and underground biomass vyields of po-
tato found to be significantly influenced by N and P fertile-
zation (Table 3). As compared to the control, fertilized po-
tato plants produced 224.5 and 32% more aboveground
biomass yield in response to the application of 207 kg N
and 60 kg P/ha, respectively. Similarly, the application of
207 kg N/ha increased the underground biomass yield by
about 108% while application of 60 kg P/ha brought about
28% increase compared to the control (Table 3).

Without affecting the unmarketable component, N and
P fertilization significantly influenced the productivity of
potato measured in terms of marketable and total tuber
yield (Table 4). Increasing N application from 0 to 207 kg
N/ha brought about 176 and 119% marketable and total
tuber yields increases, respectively. Similarly, application
of 60 kg P/ha increased marketable and total tuber yield
by about 66 and 50%, respectively over the control.

Nitrogen fertilization significantly increased both marke-
table and total tuber number without affecting the unmar-
ketable one (Table 5). Application of 207 kg N/ha resulted
in 95.6 and 33% more marketable and total tubers, res-
pectively, as compared to the control. Application of P
fertilizer significantly increased marketable tuber number
without affecting the unmarketable and total tuber num-
bers. Application of 60 kg P/ha increased marketable tu-



Table 3. Above and underground biomass yield (g/hill) of potato as
influenced by N and P application.

Treatment Biomass yield (g/hill)
Above ground Under ground
N fertilizer rates (kg N/ha)
0 13.22c 135.97c
69 24.43b 202.02b
138 38.25a 228.68b
207 42.90a 283.13a
Level of significance i i
P fertilizer rates (kg P/ha)
0 25.22b 185.47b
20 29.00ab 200.12ab
40 31.28ab 226.72ab
60 33.30a 237.53a
Level of significance * *
CV (%) 11.7 12.5

*Means of the same main effect within a column followed by the same
letter are not significantly different at 5% of probability level (SNK test); * =
Significant at 5%, *** = Significant at 0.1%.

Table 4. Marketable, unmarketable and total tuber yield (t/ha) of potato as

influenced by N and P application.

Treatment Tuber yield (t/ha)
Marketable Unmarketable Total

N fertilizer rates (kg N/ha)
0 16.05c¢ 6.50 22.55¢
69 31.31b 4.07 35.37b
138 41.73a 4.74 46.47a
207 44.28a 5.12 49.40a
Level of significance il ns il

P fertilizer rates (kg P/ha)
0 24.81b 5.70 30.50b
20 32.19ab 5.43 37.05ab
40 35.08ab 4.85 40.50a
60 41.28a 4.45 45.72a
Level of significance ik ns ik
CcVv 10.8 19.7 15.5

*Means of the same main effect within a column followed by the same letter are not
significantly different at 5% of probability level (SNK test); ns= non significant, *** =

Significant at 0.1%

ber number by 43.5% over the control.

Nitrogen treatment significantly increased tuber average
weight but it decreased specific gravity and dry matter
content while P and its interaction with N did not (Table
6). Average tuber weight progressively increased with
increasing N rate up to 138 kg/ha and tended to decrease
at the highest rate of 207 kg/ha. Increasing the appli-
cation of N from 0 to 207 kg N/ha reduced specific gravity
from 1.086 to 1.078 and dry matter content from 22.9 to
21.0%. Nitrogen and P fertilizer application as well as

their interaction did not significantly affect the harvest
index of potato (Table 6).

DISCUSSION

Several factors limiting crop yields have been reported by
many workers. According to Downs and Hellmers (1975)
and Tisdale et al. (1995), factors limiting crop yield (both
in quantity as well as quality) can be categorized into four
major headings: the soil upon which the crop grows, the



Table 5. The influence of N and P application on marketable, unmarketable and

total tuber number (count/hill) of potato.

Treatment Tuber number (count/hill)
Marketable Unmarketable Total
N fertilizer rates (kg N/ha)
0 4.73c 6.76 11.49b
69 7.46b 4.67 12.13b
138 7.95ab 5.08 13.03b
207 9.25a 6.01 15.27a
Level of significance i ns i
P fertilizer rates (kg P/ha)
0 5.95b 6.15 12.10
20 7.12ab 5.30 12.42
40 7.784a 5.68 13.49
60 8.54a 5.38 13.92
Level of significance hx ns ns
CV (%) 13.7 19.3 10.0

*Means of the same main effect within a column followed by the same letter are not
significantly different at 5% of probability level (SNK test), ns = non significant; *** =

Significant at 0.1%

Table 6. Average tuber weight, tuber specific gravity, dry matter content and harvest index of potato as

influenced by N and P application.

Treatment Average tuber Specific gravity Dry matter Harvest index
weight (g) (g/cmd) content (%)
N fertilizer rates (kg N/ha)
0 44.28b 1.086a 22.96a 0.903
69 66.02a 1.085a 23.68a 0.887
138 74.69a 1.083a 22.88a 0.875
207 80.72a 1.078b 21.02b 0.854
Level of significance el el il ns
P fertilizer rates (kg P/ha)
0 56.11 1.082 23.16 0.865
20 67.02 1.083 22.96 0.855
40 69.57 1.084 22.45 0.907
60 73.01 1.083 21.98 0.888
Level of significance ns ns ns ns
CV (%) 13.6 0.35 4.9 7.7

*Means of the same main effect within a column followed by the same letter are not significantly different at 5% of
probability level (SNK test), ns = non significant; *** = Significant at 0.1%.

genetic make-up of the crop, the climatic conditions dur-
ing the growth of the crop, and the management prac-
tices, mainly soil fertility. Maintaining adequate levels of
soil fertility has been recognized as one of the manage-
ment practices that affect growth, development and yield
of plants (Tisdale et al., 1995).

Nitrogen fertilization delayed flowering and prolonged
the time required by the potato crop to reach physio-
logical maturity. This is in conformity with the findings of
Lauer (1986) and Ojala et al. (1990) who observed that
high N levels promoted excessive vegetative growth and

delayed flowering. Low soil N is known to be a factor
limiting potato production in Ethiopia and many parts of
the world, especially when there is adequate water sup-
ply (Harris, 1992). Nitrogen fertilizer increased the leaf
area which increases the amount of solar radiation inter-
cepted and consequently, increases days to flowering,
days to physiological maturity, plant height and dry matter
production of different plant parts (Krishnippa, 1989).

The observations of the current investigation support
previous studies on the effect of N and P on days to
maturity (Wilcox and Hoff, 1970; Kleinkopf et al., 1987)



where N and P nutrients are respectively reported to be
associated with prolonging and shortening days to phy-
siological maturity. In addition, Mulubrhan (2004) repor-
ted that N treatment significantly prolonged both the days
to flowering and physiological maturity where as P appli-
cation significantly accelerated physiological maturity.

Although stem density is one of the most important
yield components in potato, it was not significantly
influenced by both N and P fertilization. This could be due
to the fact that the trait is much influenced by the inheri-
tance of the potato crop. In agreement with the current
study, different authors reported that stem number is
determined very early in the ontogeny of plant (Lynch and
Tai, 1989; De la Morena et al.,, 1994; Lynch and Row-
berry, 1997). Stem number is not influenced much by
mineral nutrients rather it is influenced by other factors
such as storage condition of tubers, number of viable
sprouts at planting, sprout damage at the time of planting
and growing conditions (Allen, 1978), physiological age of
the seed tuber (Iritani, 1968), variety (Lynch and Tai,
1989) and tuber size (Harris, 1978).

Plant height increase in response to the fertilization
treatment may be attributed to stem elongation. Although
there was differential response between varieties, N
fertilization increased potato plant height (Yibekal, 1998).
Positive and significant correlation (r = 0.61*) was
observed between plant height and total tuber vyield
indicating the existence of positive association between
the two parameters which corroborated the findings of
Yibekal (1998).

Biomass yield increase in response to N and P ferti-
lization indicates that both nutrients could exert a sig-
nificant influence on biomass production and partitioning
to the different parts. In this connection, Moorby and
Morris (1967) reported that N plays a significant role in
the production of stem and axillary branches. A signifi-
cant increase in canopy dry matter yield in response to N
fertilization is reported by Millard and Marshall (1986).
Continuous supply of N to plants promote shoot and root
growth while reducing tuberization in potato (Gunasena
and Harris, 1969; lvins and Bremner, 1969). Positive and
highly significant correlation was obtained between above
and underground biomass (r = 0.77***) indicating the
existence of close association between them.

Nitrogen and P fertilization improved both the market-
able and total tuber yield of potato. The observed higher
fertilizer response may be linked to the increase in total
leaf area which in turn increased the amount of solar
radiation intercepted and more photoassimilate might
have been produced and assimilated to the tubers. In this
connection, Millard and Marshall (1986) reported that
tuber yield improvement as a result of N fertilization could
be attributed to increased radiation interception during the
first part of the season and lower rates of decline in
photosynthetic efficiency of the canopy during the later
part. Kotsyuk (1995) also reported that fertilization in-
creased leaf area, encouraged the formation of many tu-

bers, and increased duration of tuber bulking. Higher
yield response with increasing the levels of both fertilizer
types indicate the importance of higher rates of N and P
fertilizers to obtain higher marketable yield. Potato tuber
yield is directly dependent on the supply of N, K and P,
though excessive supply of N may substantially delay leaf
senescence leading to enhanced leaf area duration and
increased tuber yield (MacKerron and Heilbronn, 1985).
The unmarketable tuber yield was not significantly
affected by the different N and P rates. It is more impor-
tant to control it through manipulating other factors such
as disease incidence, harvesting practices, etc, rather
than mineral nutrition (Berga et al., 1994).

N fertilizer is reported to affect yield by its effect on the
number of tubers produced per plant, the average weight
of tubers, the establishment and leaf area duration
(Wilcox and Hoff, 1970) . Timm and Flocker (1966)
observed optimum tuber yield when N fertilizer was
applied at the rate of 204 kg/ha and yield reduction was
noted when applied above this rate. In the current experi-
ment, N application beyond 138 kg/ha did not bring
significant yield advantage. The yield reduction due to
excess rates of N may be explained by the fact that
excessive N application stimulates shoot growth more
than tuber growth which may result in deterioration of ca-
nopy structure and physiological conditions (Som-merfeld
and Knutson, 1965).

Potato tuber yield is also known to be influenced by P
fertilizers through its effect on the number of tubers pro-
duced, the size of the tubers and the time at which maxi-
mum Yyield is obtained (Sommerfeld and Knutson, 1965;
Sharma and Arora, 1987). They showed that yield
response to increasing levels of P fertilizer was generally
positive up to a particular level, above which the res-
ponse became negative. They also noted that excess use
of P fertilizers is usually associated with reduced tuber
weight by hastening the maturation period and reducing
tuber size. Applied P has been found to increase the yield
of small and medium size tubers (Hanley et al., 1965;
Sommerfeld and Knutson, 1965). Though P had a
positive effect on tuber vyield, the percentage of yield
increase due to P was smaller than the yield increase due
to N. This could probably be explained by the fact that P
leads to faster closure of canopy and shorten the growing
period (Sommerfeld and Knutson, 1965). The other
possible reason is that applied P may not be available to
the plants at a rate similar to N fertilizer because of
problem of soil fixation to satisfy first the soil demand of
P.

Days to physiological maturity were positively and sig-
nificantly correlated with marketable (r = 0.56**) and total
tuber yield (r = 0.56**) suggesting that delaying the matu-
rity period in response to the fertilization treatment sub-
stantially contributed for tuber yield increase probably due
to more assimilate production and bulking. Addition of N
ensures maintenance of photosynthetically active leaves
for longer duration and the formation of new



leaves than with lower or no N supply (Millard and
Marshall, 1986).

The observed tuber number increase in response to N
fertilization could be attributed to an increase in stolon
number through its effect on Gibberellins biosynthesis in
the potato plant. The involvement of gibberellins in regu-
lating stolon number through stolon initiation is reported
by Kumar and Wareing (1972). According to Amzallag et
al. (1992), N affect tuber formation in potato by influenc-
ing the activity and phytohormone balance in the plant,
especially, on the levels of gibberellic and abscissic acids
and cytokinins. Nitrogen application to potatoes before
tuber initiation increases the number of tubers per plant
and mean fresh tuber weight (Kanzikwera et al., 2001). In
agreement with the present finding, various researchers
reported significant tuber number increase in response to
N application (Sommerfeld and Knutson, 1965;
Gunasena and Harris, 1969; Sparrow et al., 1992, Lynch
and Rowberry, 1997) . On the contrary, however, there
are reports indicating the absence of strong relationship
between rates of N application and tuber number in po-
tato (Sharma and Arora, 1987; De la Morena et al.,
1994). Total tuber yield found to be strongly associated
with average tuber weight (r = 0.81***) and total tuber
number (r = 0.60***) signifying both the increase in tuber
number as well as size have substantially contributed to
tuber yield increase in response to the fertilization treat-
ments.

Phosphorus fertilization did not influence significantly
total tuber number. Contradicting results have been
reported regarding the effects of P and K on the tuber
number that may be linked to the difference in season,
inherent nutrient status of a soil and location which could
have exerted their effects in determining the number set
by the potato plant. Tuber number is not an important
yield limiting component while studying mineral nutrition
(Sharma and Arora, 1987; De la Morena et al.,, 1994;
Lynch and Rowberry, 1997) that could be due to the
inverse association between tuber number and average
tuber weight (De La Morena et al., 1994).

The results showed that N and P fertilization is required
to maximize tuber weight which is known to significantly
influence the productivity of the potato crop. In agreement
with the present finding, Sharma and Arora (1987), De la
Morena et al. (1994) and Bereke (1994) reported a signi-
ficant increase in average tuber weight in response to N
application. Similarly, Harris (1978), Giardini (1992) and
De La Morena et al. (1994) reported that yield increase
due to mineral nutrition was attributed to its effect on ave-
rage tuber weight. The increase in average tuber weight
of tubers in response to the increased supply of fertilizer
nutrients could be due to more luxuriant growth, more
foliage and leaf area and higher supply of photosynthates
which may have induced formation of bigger tubers there-
by resulting in higher yields (Patricia and Bansal, 1999).
However, contrary to the present results, non-significant
response in average tuber weight was evident when P

treatment rates were increased (Bereke, 1994)

Specific gravity of raw potatoes is widely accepted by
the potato processing industry as a measure of total
solids, starch content and other qualities. High, uniform
specific gravity in potato tubers is important to the grower
and the processor. Nitrogen fertilization significantly
reduced both tuber specific gravity and dry matter content
which may be associated with the influence of N on gib-
berellins biosynthesis and other phytohormonal activities
which have direct influence on plant growth and dry
matter accumulation. High levels of endogenous GA de-
lay or inhibit tuberization (Abdella et al., 1995), and impe-
de the accumulation of starch, patatin and other tuber
specific proteins (Vreugdenhil and Sergeeva, 1999). In
favour of the current finding, Painter and Augustine
(1976) and Kleinkopf et al. (1981) reported that the spe-
cific gravity of tubers decreased with increasing rates of N
fertilizer. The depressive effect of applied N on tuber dry
matter was also confirmed by Cole (1975) and Klein-kopf
et al. (1981), whereby tuber dry matter decreased with
increased N application. Contrary to this, Roberts and
Cheng (1988) noted non-significant difference in specific
gravity of tubers due to N treatment.

Phosphorus fertilization did not significantly influence
tuber specific gravity and dry matter content. Conflicting
results have been reported regarding the effect of P fer-
tilization on tuber specific gravity of potato. Human (1961)
noted an increase in specific gravity in response to an
increase in applied P. On the contrary, Sparrow et al.
(1992) observed non-significant reduction in percent dry
matter of tubers due to increased P application. The
absence of strong relationship between P application and
specific gravity was reported by Zandstra et al. (1969)
and Dubetz (1975). In this study, it is proved that specific
gravity is strongly and positively correlated with dry
matter content (r = 0.92**) indication that the former is an
excellent indicator of the latter which agrees with the
report of Tekalign and Hammes (2005).

Although it is not consistent and statistically significant,
there was a decreasing trend in harvest index in res-
ponse to increasing N fertilization while P fertilization
showed an increasing trend. This may be attributed to an
increased haulm growth in response to N treatment.
Increasing N fertilization increased partitioning of assimi-
lates to the shoots rather than to the tubers (Biemond and
Vos, 1992). Similar to the short term effects of short
photoperiods, withholding N fertilization increased starch
content of the leaves, increased the percentage export of
assimilates from the leaves, and reduced the activity of
sucrose phosphate synthase (Oparka et al., 1987). Nitro-
gen application increased aboveground biomass yield of
potato (Millard and Marshall, 1986). In the present study

weak negative relationship (r = -0.17 ns) was observed
between harvest index and total tuber yield. In general,
this study indicated that although harvest index is a mea-
sure of the proportion assimilates partitioned to harvested
organs and used by plant physiologists and breeders in



the selection of high yielding cultivars, high harvest index
may not necessarily correlate with high yield (Gawronska
et al., 1984). This implies that a cultivar with low harvest
index may not necessarily be low yielder. This is possible
where a cultivar is able to produce high rate of carbon
assimilates and maintains active growth later in the sea-
son thereby giving high yield in spite of the harvest index
value.

This study indicates that yield and yield components of
the potato variety Gorebiella can be improved with the
application of N and P fertilizers in Debere Berhan areas
of central Ethiopia. Hence, application of 138 kg N and 20
kg P/ha is found to be the appropriate rates for optimum
productivity of Gorebiella variety on the vertisols of
Debere Berhan in the central highlands of Ethiopia under
rain fed conditions.
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