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ABSTRACT

Aim of the study

0000-0002-8040-5117, Wallelign Worku?

0000-0003-0367-306X,

The main objective of the study was to compare the differences in growth performance, dry matter partition
coefficient and harvest index of widely grown potato varieties.

Materials and Methods

The research was conducted at the Adet Agricultural Research Center, Ethiopia during the 2019/2020 and
2020/2021 main cropping seasons, using randomized complete block design for Shenkola, Belete, Gudenie,
Guassa, Dagim and Ater Ababa potato varieties. Four different harvest dates were adopted (30, 45, 60 and
75 days after planting (DAP).

Results and conclusion

At early stages of development, the highest percentage of dry matter accumulation went to vegetative growth,
and then to tubers in the successive harvests. The maximum tuber yield, tuber bulking rate and harvest index
(36.17 t/ha, 4.23 gplant-1day-1 and 0.8) was recorded for Belete variety. Belete variety can give reasonable
yield after 45 DAP. Guassa variety (having a PC 0f 0.92 at 75 DAP) was able to produce 92% ofits yield at 75
DAP and its yield was comparable with the highest yielding variety (i.e. Belete). In such areas where erratic

rainfall is expected, Guassa and Belete can be used as early varieties in potato production systems.

Key words: potato, dry matter accumulation, tuber yield, BR, harvest index and PC

INTRODUCTION

Assimilate allocation results from the interaction of
climatic conditions, cultural practices and genotyp-
ic characteristics. It is the result of interdependent
parameters such as growth and development, which
are difficult to analyse separately in experiments. For
example, lateral stem development is restricted by

*e-mail: kirkime@gmail.com

growth when there is a shortage of available carbohy-
drate, and tubers initiation will not occur if the condi-
tions are not appropriate, despite sufficient availability
of assimilates. Therefore, growth is limited by devel-
opmental processes (Kooman and Rabbinge, 1996).
Growth analysis is a mathematical expression of
environmental effects on the growth and development
of crop plants. These environmental factors with geno-
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types also influence the source-sink relationship which
determines crop yield (Wang et al., 1997). In growth
analysis, two basic measurements are made. These are
dry weight and leaf area, and a large number of param-
eters are derived from these measurements. Total crop
dry matter is the spatial and temporal integration of all
plant processes. The rate of dry matter accumulation
varies throughout the life cycle of a crop. Dry matter
and leaf area are sampled at intervals ranging from
days to weeks to quantify the effects of environmental
influence or to analyze genotypic differences between
crop cultivars (Echarte et al., 2008). Dry matter parti-
tioning is the end result of the flow of assimilates to the
sink organs (Marcelis, 1996), in this case to the tubers.

Potato (Solanum tuberosum L.) is a crop with
a high potential for food security in Ethiopia, espe-
cially for highlanders, who have to face low income
of the households and land shortage. Factors prov-
ing this include high harvest index, yield, nutrition-
al quality of its tuber, and greater adaptability. It has
a short cropping cycle and is one of the most efficient
crops in terms of converting natural resources, labour
and capital into a high quality food. It produces more
dry matter per hectare than the world’s major cereals,
more protein per unit area than any other crop except
soybeans (Smith, 1984), and more food per unit of
area/water than any other major crop, and it produces
high yields.

Potato crop growth and tuber yield have been
linked to the duration of the growth cycle, which
depends on climate, cultivar, and crop management
(Tekalign and Hammes, 2005; Geremew et al., 2007).
Therefore, to increase the amount of photosynthate
translocated to the tuber, it is necessary to modify the
environment so that the plants are more efficient in uti-
lizing low sunlight. Assimilate in potato is partitioned
between leaves, roots, shoots and tubers. The ratio of
tuber dry matter to total dry matter is referred to as har-
vest index. The harvest index values at the end of the
growing season vary from 61 to 91% (Allen and Scott,
1980). Potato harvest index is strongly correlated with
net assimilation rate (Midmore and Prange, 1992) and
the plant growth rate (Oktaviana et al., 2018). Harvest
indices can also be expressed as partition coefficients
(Tekalign and Hammes, 2005).

Dry matter production depends on the size of the
leaf canopy, the rate at which the leaf functions (effi-
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ciency) and the time the canopy lasts (duration) (Bel-
hu, 2003). There is a significant difference between
potato varieties/cultivars with respect to dry matter
production (Hammes and De Jager, 1990; Bisognin
and Dellai, 2015). The commonly used growth anal-
ysis parameters are leaf area index (LAI), relative
growth rate (RGR), net assimilation rate (NAR), and
crop growth rate (CGR) (Gardner at al., 1985). LAI
is one of the best predictors of plant growth and yield
and has a direct effect on different physiological pro-
cesses such as the solar radiation intercepted by plants
(Villa et al., 2017).

The growth of different potato varieties has been
extensively studied worldwide (Allen and Scott,
1980; Victorio et al., 1986; Geremew et al., 2007),
and several models are available to describe or pre-
dict the total biomass when environmental parameters
are known (Kooman and Rabbinge, 1996). Relative
growth rate has a strong influence on assimilate al-
location. The variation in assimilate allocation in
potato depends on the weight of the tubers, which is
a result of their time of initiation and relative growth
rate (Kooman and Rabbinge, 1996). Understanding
the pattern of assimilate partitioning is important for
determining the potential yield of different potato va-
rieties, and for designing strategies to increase tuber
yield in the hot tropics where tuberization is poor
(Tekalign and Hammes, 2005). Tuber yield of sweet
potato is strongly correlated with net assimilation
rate, leaf area index, crop growth rate and total dry
weight (Soplanit et al., 2018).

Potato varieties/cultivars show differences with re-
spect to assimilate partitioning rate, tuber yield, tuber
quality, dry matter content and nutrient composition.
This variability is useful for the selection of varieties/
cultivars characterized by high rates of net photosyn-
thesis, suitable for processing or table consumption,
and cultivars with reduced rates of transpiration, bet-
ter adapted to moisture-limited areas (Tekalign and
Hammes, 2005).

Dry matter production and assimilate allocation rate
of commonly grown potato varieties in Ethiopia were
not studied and understood, which is essential for op-
timizing production packages. Therefore, this research
was set up with the aim of evaluating the growth per-
formance, dry matter partition coefficient and harvest
index of widely grown potato varieties in Ethiopia.
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MATERIALS AND METHODS

Description of the study area

The research was conducted at the Adet Agricultur-
al Research Center (AARC) research site during the
2019/2020 and 2020/2021 cropping seasons. AARC
is located in West Gojjam zone of Amhara regional
state, North West Ethiopia. It is located at a longitude
of 370 28’ 38”E and latitude of 110 16’ 16N, and at
an altitude of 2240 meters above sea level. The mean
annual rainfall and maximum and minimum tempera-
tures are 1250 mm, 34°C and 24°C, respectively. The
research site had clay soil texture and the following
mean physicochemical characteristics: bulk densi-
ty (2.65 g-cm™), soil porosity (21.13%), soil water
holding capacity (22.93%), pH (5.47), P (8.607 ppm),
N (0.191%), K (14.55 ppm) and OC (1.45%).

Experimental materials and management
practices

Six potato varieties, namely Shenkola, Belete, Gude-
nie, Guassa, Dagim and Ater Ababa, were selected
due to their different morphological growth charac-
teristics. Randomized complete block design (RCBD)
with three replications was used. A gross plot size of
3.75 m x 3.5 m was used. Row spacing of 75 cm, be-
tween plants of 35 cm and 1 m between replications
and plots were used. Five rows/plot and ten plants/
row were planted. All recommended agronomic
practices were applied uniformly to all varieties. All
plants in each plot were harvested for dry biomass
measurement (at 90 DAP) to calculate the harvest in-
dex when they reached their maximum growth (when
the ground was fully covered by the plants). Hence,
this experiment had two replicates side by side, with
one set left to maturity for agronomic data measure-
ment and the other set harvested at maximum leaf de-
velopment stage.

Data collected and analyses

Tuber yield was recorded from three middle rows of
each plot and converted to a hectare basis. Immedi-
ately after 30, 45, 60, and 75 days after planting, three
randomly selected plants were harvested from each
treatment. The samples were separated into roots/tu-
bers, stems and leaves, and dried to constant weight in
an oven (70°C) for both 24 and 48 hours. Dry matter

www.acta.urk.edu.pl

(%) for leaves, stems, roots and tubers was calculated
by the formula given by Howlader et al. (2016):

_ leaf/ stem/ root/ tuber dry weight (g) <100

Total dry weight of the plant (g)

At each harvest, green leaf area was measured by
an electronic planimeter LiCor-3000. Leaf area index-
es, specific leaf weight, crop growth rate, tuber growth
rate, partition coefficient analysis were made at each
harvest using the following formula:-

LAI=[(LA2 + LA1)/2] * (1/GA) (Gardner et al., 1985)
SIW = (LW2/LA2 + LW1/LA1)/2 (Gardner et al., 1985)

CGR = 1/GA* (W2 - W1)/ (t2 - t1) (Gardner et al.,
1985)

TGR =1/GA * (T2 - T1)/ (t2 - t1) (Manrique, 1989)
PC =TGR / CGR (Duncan et al., 1978)

Where:

LAI is leaf area index; LA2 and LAl are leaf arca at
time 2 (t2) and time 1 (t1), respectively; GA ground
area covered by the crop; SLW is specific leaf weight
expressed in g - cm?, LW2 and LW1 are leaf dry mass
at time 2 (t2) and time 1 (t1), respectively; CGR is
crop growth rate expressed in g-m™2- day!, W2 and
W1 are total crop dry mass (g) at t2 and t1; TGR is
tuber growth rate expressed in g-m?-day!; T2 and
T1 are tuber dry mass (g) at t2 and t1; PC is partition
coefficient.

Wt of fresh root yld at harvest
Period of root growth (Days)
(Allen and Scott, 1980).

Bulking Rate (BR) =

A harvest index (HI) for each variety was calculat-
ed by the formula given by Frezgi (2007):-

HI= Dry mass of Economic yield

Dry mass of Biological yield

All data collected were checked for ANOVA As-
sumptions and subjected to analysis of variance us-
ing SAS Version 9.2 statistical software (SAS, 2008).
Data from the two years were analysed together to
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confirm the homogeneity of error variances of the in-
teraction of the year and treatment. Significant treat-
ment means were compared using least significance
difference (LSD) value at the 5% significance level
(Montgomery, 2005).

RESULTS

Dry Masses

Stem dry mass (SDM) at 30 DAP, root dry mass
(RDM) at all DAP, and tuber dry mass (TDM) at 30
and 45 DAP were not significantly different between
varieties. But all the other leaf, stem, root, tuber and
total dry masses were highly significantly and sig-
nificantly (P < 0.01 and P < 0.05, respectively) var-
ied between days after planting as well as between
potato varieties (Table 1-4). Total dry weight varied
significantly (P < 0.05) between tested cultivars. The
highest total dry weight (135.76 g/plant) of potato was
recorded from the variety Shenkola followed by
Belete (131.33 g/plant) at 90 DAP (Table 13).
Shenkola variety had lower yield when compared to
the highest yielding Belete variety.

Leaf Dry Mass

With the exception of Guassa and Ater Ababa variet-
ies, which had maximum LDM at 60 DAP, all varieties
had maximum LDM at 75 DAP. The minimum LDM
was recorded at 30 DAP in all varieties (Table 1). The

maximum LDM (190 g/plant) was recorded in Gude-
nie and Belete varieties. The minimum (10 g/plant)
was recorded in Dagim variety.

Stem Dry Mass

With the exception of Guassa and Ater Ababa variet-
ies, all varieties had maximum SDM at 75 DAP. In all
other varieties, the minimum SDM was recorded at 30
DAP (Table 2). The maximum SDM was recorded in
Guassa variety (130.33 g/plant) at 60 DAP, while the
minimum was in Shenkola, Belete and Dagim variet-
ies at 30 DAP (Table 8).

Tuber Dry Mass and Root Dry Mass

With the exception of Guassa and Ater Ababa variet-
ies, which had maximum TDM at 60 DAP, all vari-
eties had maximum TDM at 75 DAP. The maximum
(465 g/plant) TDM was recorded at 75 DAP. In all
varieties, the minimum TDM (0 g/plant) was record-
ed at 30 DAP (Table 3). The maximum (465 g/plant)
value at 75 DAP and minimum (0 g/plant) value at
30 DAP DM were recorded in Gudenie variety and in
all varieties, respectively (Table 10). RDM increased
to 60 DAP, then decreased in all varieties. The maxi-
mum RDM (565 g/plant) was recorded at 60 DAP and
the minimum (1 g/plant) at 30 DAP. The maximum
RDM was recorded in Gudenie variety (565 g/plant)
and the minimum was in Belete and Dagim varieties
(1 g/plant) (Table 4).

Table 1. Leaf dry mass (g/plant) of potato varieties at different days after planting (DAP) grown at the research site of Adet
ARC during the 2019/2020 and 2020/2021 main cropping seasons (source: own research)

Variety

DAP Shenkola Belete Gudenie Guassa Dagim Ater Ababa
30 15¢ 20.33¢ 21¢ 40¢ 10¢ 15¢
45 70¢ 50.33¢ 80¢ 65° 40¢ 40?
60 75° 160° 105° 160? 45> 25P
75 80° 1902 1902 60° 100° 10¢
Mean 60.08 105.17 99.08 81.25 48.75 22.5
LSD 4.54 5.21 2.72 1.99 231 2.31
CV (%) 4.02 2.03 1.45 1.23 2.37 2.36

Means with the same letter are not significantly different.
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Table 2. Stem dry mass (g/plant) of potato varieties at different days after planting (DAP) grown at the research site of Adet
ARC during the 2019/2020 and 2020/2021 main cropping seasons (source: own research)

Variety
DAP Shenkola Belete Gudenie Guassa Dagim Ater Ababa
30 1.33¢ 14 5d 30¢ 1.67¢ 14
45 25¢ 55¢ 45¢ 35¢ 15¢ 10°
60 55° 90° 65° 130.332 25° 30°
75 79.67* 1352 1852 55b 100? 20°
Mean 40.25 70.25 75.0 87.67 35.42 15.25
LSD 4.68 5.73 1.88 1.76 0.58 1.75
CV (%) 6.17 433 1.33 1.01 1.82 0.81

Means with the same letters are not significantly different.

Table 3. Tuber dry mass (g/plant) of potato varieties at different days after planting (DAP) grown at the research site of Adet
ARC during the 2019/2020 and 2020/2021 main cropping seasons (source: own research)

Variety
DAP Shenkola Belete Gudenie Guassa Dagim Ater Ababa
30 0¢ 0¢ 04 0¢ 04 04
45 10° 10° 70¢ 30¢ 10° 5¢
60 85° 295° 145° 1802 85° 958
75 1708 3508 465° 175° 958 85¢
Mean 66.25 163.75 170.0 96.33 47.5 46.25
LSD 1.33 1.63 1.91 1.73 1.01 1.99
CV (%) 1.07 1.53 1.51 1.89 1.05 1.05

Means with the same letters are not significantly different.

Table 4. Root dry mass (g/plant) of potato varieties at different days after planting (DAP) grown at the research site of Adet
ARC during the 2019/2020 and 2020/2021 main cropping seasons (source: own research)

Variety
DAP Shenkola Belete Gudenie Guassa Dagim Ater Ababa
30 54 1.334 54 54 1¢ 54
45 25¢ 25¢ 80¢ 70¢ 20¢ 20¢
60 185¢ 400° 160° 290° 175 165°
75 100° 375° 463° 200° 105° 95P
Mean 78.75 200.33 168.83 141.25 75.25 71.25
LSD 1.88 2.71 11.77 2.31 1.91 1.99
CV (%) 1.27 1.72 7.81 1.87 1.27 1.27

Means with the same letters are not significantly different.
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Percentage of dry matter partitioned

In the early stages, all varieties had the highest mean
percentage of dry matter partitioned to the leaves.
Belete (90.9%) followed by Dagim (83.34%) had the
highest dry matter partitioned to the leaves at early
stages. At 75 DAP, Ater Ababa variety had the lowest
(8.01%) dry matter partitioned to the leaves. Variety
Guassa was in the middle in this regard, with 53.33%
of assimilates partitioned to the leaves at 30 DAP. At
75 DAP, Guassa variety still constituted 19.04% of the
dry mass partitioned to the leaves (Table 5). This study
indicated that the most of the assimilates were parti-
tioned to the leaves at an earlier stage of growth.

At 30 DAP, variety Guassa partitioned a larger
(40.00%) fraction of assimilates to the stems. In the
carly stage of development, Ater Ababa and Belete
variety can transfer (4.76% and 4.55%, respectively)
fraction of assimilates to the stems. At 75 DAP, Belete
and Shenkola varieties diverted the smallest (13.74%)

and the largest (19.77%) proportion of assimilates to
the stem growth, respectively (Table 5).

At 45 and 60 DAP, Ater Ababa variety transferred
the largest (20.84% and 57.22%) fraction of assimi-
lates to tubers. At 75 DAP, in all varieties transferred
the largest fraction of assimilates to the roots and tu-
bers. Ater Ababa variety followed by Guassa variety
transferred the largest (58.73% and 55.56%) fraction
of assimilates to tubers at 75 DAP (Table 5).

LAI, SLW, CGR, and TGR

Leaf area index (LAl)

LAI was highly significantly (P < 0.01) varied both
between potato cultivars and between harvest days.
Regardless of the variety, LAI increased progressively
with time, reaching a peak at 60 DAP and decreasing
thereafter. The maximum LAI (10.05) was recorded in
Belete variety at 60 DAP and the minimum (0.23) in
Dagim variety at 30 DAP (Figure. 1).

Table 5. Mean percentage (%) of dry matter partition to different organs for six potato varieties at different days after plan-
ting (DAP) grown at the research site of Adet ARC during the 2019/2020 and 2020/2021 main cropping seasons (source:

own research)

Leaves Stems
DA Shenkola Belete Gudenie Guassa Dagim Ater Shenkola Belete Gudenie Guassa Dagim Ater
Ababa Ababa
30 71.43 90.9  66.66 53.33 83.34 71.43 4.76 4.55 16.77  40.00 8.33 4.76
45 5833 3846 42.00 3824 53.33 57.14 20.83 4231 26.00 20.58 20.00 14.29
60 23.81 23.02 2021 2353 26.67 14.36 17.46 1942 19.68 33.82 26.67 16.64
75 30,77  29.01 1633  19.04 25.71 8.01 30.77  13.74 1836  17.46 1429 15.97
Mean 46.09 4535 363 33.54  47.26 36.99 1846  20.01 2020 2797 17.32 12.17
Roots Tubers
pA? Shenkola Belete Gudenie Guassa Dagim Ater Shenkola Belete Gudenie Guassa Dagim Ater
Ababa Ababa
30 23.81 4.55 16.67 6.67 8.33 23.81 0 0 0 0 0 0
45 20.84  19.23  32.00 41.18 26.67 28.57 8.34 7.69 18.00  17.65 13.33 20.84
60 58.73 5725 50.11  42.65 46.67 69.00 42.63 4245 41.18 4647 22.67 57.22
75 3846  57.56 6531 63.5  60.00 76.02 5397 4343 4947 5556 3429 58.73
Mean 3546  34.65 43.52 385 3542 50.85 26.24 2339 27.16 2992 1757 34.95

Are not statically analysed.
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Specific leaf weight (SLW)

SLW varied highly significantly (P < 0.01) both be-
tween potato varieties and between days after harvest
(Figure 2). SLW varied from 1.4 g+ cm2(in Ater Aba-
ba variety at 30 DAP) to 4.2 g - cm~in Gudenie vari-
ety at 45 DAP.

Crop growth rate (CGR)

CGR varied highly significantly (P < 0.01) both be-
tween potato varieties and between harvest days.
Numerically, CGR ranged from 0.27 g-m?-day ' to

0.49 g-m=-day! (Ater Ababa and Dagim varieties,
respectively at 75 DAP) to 19.58 g- m~ - day ! (Belete
variety at 75 DAP) (Figure 3).

Tuber growth rate (TGR)

TGR varied highly significantly (P < 0.01) both be-
tween potato varieties and between harvest days. TGR
ranged from 0.23 g-m™2-day! (in variety Dagim
at 75 DAP) to 14.1 g- m™ - day! (in Belete variety at
60 DAP). Up to 60 DAP, TGR increased in all variet-
ies (Figure 4).

14 =

12

10 7 == Shenkola

8 - =fr=—Belete

6 =3&= Gudene
== Guassa

4 1 =@— Dagim

2 ==l Ater Ababa

0 T % T T % 1 DAP

D 20 40 60 80
_2 -

DAP = days after planting

Fig. 1. LAI of potato varieties at various harvest days grown at the research site of Adet ARC during the 2019/2020 and
2020/2021 main cropping seasons. Vertical bars represent standard error (source: own research)

5 -

4 - ==fl==Shenkola
m—fp— Belete

3 1 =& Gudene

) ==ie= Guassa
==@==Dagim

14 mf=  Ater Ababa

0 20 40 60 80

DAP = days after planting

Fig. 2. Specific Leaf Weight (SLW) of potato varieties at various harvest days grown at the research site of Adet ARC during
the 2019/2020 and 2020/2021 main cropping seasons. Vertical bars represent standard error (source: own research)
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Fig. 3. CGR of potato varieties at various harvest days grown at the research site of Adet ARC during the 2019/2020 and

2020/2021 main cropping seasons. Vertical bars represent standard error (source: own research)
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Fig. 4. Tuber Growth Rate (TGR) of potato varieties at various harvest days grown at the research site of Adet ARC during
the 2019/2020 and 2020/2021 main cropping seasons. Vertical bars represent standard error (source: own research)
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Partition Coefficient (PC)

PC varied significantly (P < 0.05) both between potato
varieties and between harvest days. An increasing trend
in their PC values was observed in the tested varieties.
It ranged from 0.14 (in Belete variety at 30 DAP) to
0.96 (in the Ater Ababa variety at 75 DAP). Ater Aba-
ba varietyand Guassa variety can deliver up to 96%
and 92%, respectively, of tuber yield at 75 DAP. At the
end of 75 DAP, Belete variety can give only 65% of its
total yield (Table 6).

Tuber yield, total dry matter, bulking rate and
harvest index

A significant (P < 0.05) difference was recorded be-
tween potato varieties for tuber yield, number of mar-
ketable tubers, bulking rate and harvest index (HI)
(Table 14). The maximum tuber yield (36.17 t/ha)
was recorded in Belete variety, which was fol-
lowed by Gudenie (27.90 t/ha) and Guassa varieties
(27.71 t/ha). Tuber bulking rate was the highest in
Belete variety (4.23 g/plant/day), followed by Shen-
kola (3.89 g/plant/day) and Guassa (3.89 g/plant/day)
varieties. The lowest (0.7 g/plant/day) was recorded
for Ater Ababa variety. The HI ranged from 0.84 (Be-
lete variety) to 0.6 (Ater Ababa variety) (Table 7).

DISCUSSIONS

Differences in dry matter partitioning among potato
varieties at different stages of harvesting were report-
ed by Tekalign and Hammes (2005) and Howlader

et al. (2016). Howlader et al. (2016) and Birhanu et al.
(2014) also reported significant differences in total
dry weight and root dry weight in potato and sweet
potato varieties at all harvest days. Howlader et al.
(2016) also reported that the highest total dry matter
(134.14 g/plant) was recorded in a potato variety at the
end of 80 DAP. At early stages most of the dry matter
was accumulated in the leaves of a potato (Howlader
et al., 2016) and sweet potato (Enyi, 1977). These au-
thors also reported that at maturity, leaf and stem dry
weights decreased due to the translocation of assimi-
lates from shoot/leaf to tuber/root at the later stages.
In contrast to the above results, Geremew et al. (2007)
reported that leaf dry mass (LDM) and tuber dry mass
(TDM) did not vary significantly between different
varieties at all harvest days. This may be due to the
different growth treatments applied and varieties used.

Shenkola variety (the highest total dry weight re-
corded) had a lower yield when compared to the high-
est yielding Belete variety. This was reported by So-
planit et al. (2018) as wider leaves combined with stem
morphology can improve total dry weight. In contrast,
Hoque et al. (2010) reported that the highest dry mat-
ter content was recorded in a high-yielding variety at
90 DAPs. The maximum stem dry mass (SDM) was
recorded in Guassa variety, while the minimum was
observed in Shenkola, Belete, Dagim and Ater Ababa
varieties at 30 DAP (Table 9). In the early maturing
varieties (Ater Ababa and Guassa), SDM decreased af-
ter 60 DAP, according to Howlader et al. (2016). Enyi
(1977) also shown that during the first stage of sweet

Table 6. Partition coefficient (PC) of potato varieties at different days after planting at the research site of Adet ARC during
the 2019/2020 and 2020/2021 main cropping seasons (source: own research)

DAP Variety
Shenkola Belete Gudenie Guassa Dagim Ater Ababa
30 0. 25¢ 0.144 0.18¢ 0.17¢ 0.21¢ 0.31¢
45 0. 25¢ 0.44¢ 0. 28° 0.17¢ 0.51° 0.32¢
60 0.65° 0.52° 0.59° 0.88° 0.72# 0.65°
75 0.68° 0.65° 0.71# 0.92¢ 0.72¢ 0.96°
Mean 0.58 0.44 0.44 0.42 0.54 0.61
LSD 0.02 0.02 0.03 0.02 0.02 0.01
(0\% 2.01 2.29 3.01 2.4 2.23 1.47

Means of the same column sharing the same letters are not significantly different (P < 0.05)
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Table 7. Tuber yield, total dry matter, bulking rate and harvest index of potato varieties grown at the research site of Adet
ARC during the 2019/2020 and 2020/2021 main cropping seasons (source: own research)

Variety Tyield (t/ha) TDM (g/plant) BR (g/plant/day) HI
Shenkola 25.19¢ 135.76 3.89% 0.71¢
Belete 36.17* 131.33% 423 0.84¢
Gudenie 27.90° 127.19¢ 3.61° 0.75°
Guassa 27.71° 126.83¢ 3.89% 0.73°
Dagim 25.05¢ 121.71¢ 1.78¢ 0.70¢
Ater Ababa 10.54¢ 110. 23¢ 0.7¢ 0.604
Means 25.41 27.27 3.03 0.72
LSD 1.15 1.06 2.43 0.022
CV (%) 13.89 13.27 11.02 1.7

Where Tyield/ha = Marketable Tuber yield, TDM= Total dry mass and BR = Bulking rate. Means with the same letter are not

significantly different

potato growth, shoot growth dominates and a large
proportion of dry mass is diverted to shoots.

The minimum TDM was recorded at 30 DAP. This
is an indication that the tuber dry matter production
was related to the duration of its growth. Such a re-
sult was reported by Tekalign and Hammes (2005).
Geremew et al. (2007) also recorded that dry matter
accumulation in potato tubers gradually increased af-
ter 30 DAP. A significant difference in stolon (root +
tuber) dry mass was reported among different potato
varieties with different phosphorous application rates
by Fernandes and Soratto (2012).

The sharp increase in LAI at 60 DAP could be due
to the increased production of leaves and the rapid
rate of leaf expansion. LAI decreased at the beginning
of senescence as reported by Villa et al. (2017) and
Bisognin and Dellai (2015). Silva and Pinto (2005)
also noticed that LAI of 2.5 to 3 was optimal for max-
imum light interception in potato plants. According
to Howlader et al. (2016), leaf area index has also
great effect on tuber yield and final dried plant ma-
terial. LAI increase is like crop growth rate (CGR),
which is determined by the amount of solar radiation
intercepted by plant leaves needed to achieve the opti-
mum photosynthetic level. This was reported by Belhu
(2003) in sweet potato. In the early stages, potato uses
photoassimilates for vegetative growth, and develop-
ment of the roots and aerial part, and after this stage
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photoassimilates are remobilized for the formation of
tubers. This result was also reported by Silva et al.
(2020). This means that CGR increases in the vege-
tative phase and begins to decrease in the generative
phases. At maximum LAI, Soplanit et al. (2018) re-
corded a CGR of 106-133 g-m™. Figure 3 did not
follow any defined patterns of increasing or decreas-
ing order. The increasing trend of CGR with age up
to 75 and 55 DAP was also indicated by Tekalign and
Hammes (2005), and Silva et al. (2020), respective-
ly. The decreasing trend of CGR (Guassa and Ater
Ababa varieties) during the growing season indicated
that these varieties were early. Late maturing varieties
(Shenkola, Gudenie and Dagim) maintained increas-
ing CGR until the last stage of sample harvest, which
showed their long growing cycle (Figure 3). Such an
undefined pattern of SLW was also observed by How-
lader and Hoque (2018), and Geremew (2007). These
authors also reported significantly different growth
stages and specific leaf area among potato varieties.
Variation in tuber initiation among potato varieties
was reported by Olivera (2000), as sink competition
for nutrients and photosynthates between plant organs
increases with tuberization. Olivera also suggested
that sink strength affects both assimilate allocation and
leaf longevity or earliness. Furthermore, he indicated
that SLW was highly correlated with leaf dry biomass.
SLW also varied according to the position of the leaf
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in the plant and the treatments applied. In all varieties
root dry mass and TGR increased up to 60 DAP. TDM
increased to 75 DAP in the late maturing varieties in
contrast to the early maturing cultivars, in which TDM
increased to 60 DAP. This may be due to the fact that
the final stolon/tuber yield is determined by the rela-
tive sink strength of the tubers and the production and
the translocation of assimilates from the source leaves
as reported by Hastilestari et al. (2018).

Ater Ababa and Guassa varieties accumulate dry
matter in tubers at an early stage of maturation. Guas-
sa variety was also reported by Solomon et al. (2019)
to require intermediate days to maturity (110-115)
compared to released potato varieties. Kooman and
Rabbinge (1996) indicated that tuber growth rate in-
fluences earliness more than leaf longevity and tuber
initiation. According to Howlader et al. (2016), effec-
tive partitioning of dry matter into tubers (80.5%) oc-
curs at 80 DAP. Silva and Pinto (2005) also observed
that about 77.33% of dry matter was partitioned to
tubers at 83 DAP. Praharaj et al. (2010) reported the
large increment of tubers after their set was due to
large partitioning of dry matter to tubers.

Guassa and Ater Ababa varieties can transfer much
dry matter to their tubers at the end of 75 DAP. Ana-
lyzing the differences between different varieties with
respect to dry matter allocation indicated that variety
Belete allocated about 42.75% of the total dry matter to
the shoots and 43.43% of the total dry mater to tubers
at 75 DAPs. Even though this variety allocates less dry
matter to tubers at 75 DAP, it can still give reasonable
yield at this stage. The percentage of TDM increased
from 0% (in all varieties at 30 DAP) to 58.73% in Ater
Ababa variety at 60 DAP (Table 3), which can be de-
scribed by S-shaped curve. Barghi et al. (2012) reported
that the varieties with the highest tuber dry mass at ear-
ly stages were Guassa and Belete varieties, at 75 DAP.
In areas where erratic rainfall is expected, meaning that
potato is an ideal crop for production there, Aragaw et
al. (2023), Guassa and Belete varieties can be used for
production. Dagim variety was severely affected by
late blight disease, resulting in the lowest TDM, LAI,
CGR TGR at 75 DAP, and low yield. Marcelis (1996)
reported that dry matter partitioning in the whole plant
depends on the sink strength.

Geremew et al. (2007) identified three types of
potato varieties: those cultivars in which tuber filling
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started early and harvest index increased rapidly with
time; those cultivars in which tuber filling started early,
but harvest index increased less rapidly with time; and
those in which tuber filling started later and harvest
index increased gradually with a continuous diversion
of a major fraction of current assimilates to the pro-
duction of new leaves and stem growth. Guassa and
Ater Ababa varieties can be included in the first group,
Belete in the second group, and Shenkola, Gudene and
Dagim varieties in the third group.

Significant differences in tuber yield, bulking rate
and harvest index (HI) between potato varieties were
reported by Solomon et al. (2019). Genotypic bulk-
ing rate variability was studied by Mihovilovich et al.
(2014). Varietal difference on the growth potential of
potato varieties in Ethiopia was recorded by Tekalign
and Hammes (2005) and Solomon et al. (2019). How-
lader et al. (2016) observed the significant difference
in yield among four potato genotypes. Olivera (2000)
and Hoque et al. (2010) also reported different tuber
yield potentials among different cultivars of potato.
Genotypic variability of HI among Solanum species
was reported by Victorio et al. (1986), Getachew et al.
(2016) and Bélanger et al. (2001). Lahlou et al. (2003)
also discovered a significant difference in HI ranging
from 0.792 to 0.836 between different potato varieties
grown under drought stress. The early tuber initiation
in the Ater Ababa variety may have been detrimental
to the yield performance of this variety. This was re-
ported by Olivera (2000), as earliness is an adverse
trait for tuber yield. On the other hand, a non-signif-
icant in HI difference was recorded by Mohammed
et al. (2017). This was due to the fact that there were
differences in variety, planting date and growth envi-
ronment.

CONCLUSIONS

Total growth and tuber dry matter production of a po-
tato are mainly determined by the growth period.
These six potato genotypes differed significantly in all
parameters evaluated for growth, partition coefficient
and harvest indices. The results showed that except for
stem dry mass at 30 DAP, root dry mass at all DAP,
and tuber dry mass at 30 and 45 DAP parameters, all
the other parameters varied highly significantly and
significantly both between days after planting and
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between potato varieties. Except for Guassa and Ater
Ababa varieties, which had maximum LDM and SDM
at 60 DAP, all varieties had maximum LDM, SDM and
TDM at 75 DAP. For all varieties, the maximum RDM
was recorded at 60 DAP. At the early stages of de-
velopment, the highest percentage of dry matter ac-
cumulation went to vegetative growth, and then to tu-
bers in the successive harvests. LAI, SLW, CGR and
TGR varied highly significantly both between potato
varieties and between harvest days. Total dry mass,
tuber yield, bulking rate, number of marketable tu-
bers, harvest indexes and partition coefficients were
significantly different between varieties and days af-
ter planting. The highest bulking rate, tuber yield and
harvest indexes were recorded in Belete variety. The
tuber filling started early in this cultivar, but harvest
index increased less rapidly, so it can give reasonable
yield at any stage of its growth. However, Guassa va-
riety (having a PC 0f 0.92 at 75 DAP) was also able to
produce 92% of its yield at 75 DAP and its yield was
comparable with the highest yielding variety (Belete).
In such areas where unpredictable rainfall is expected
and potato is an ideal crop for production, Guassa and
Belete varieties can be used as early varieties in pota-
to production areas. All existing and newly released
potato varieties should also be evaluated for growth,
partition coefficient and harvest indices.
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WYDAJNOSC WZROSTU, WSPOLCZYNNIK PODZIALU | WSKAZNIK ZBIOROW POWSZECHNIE
UPRAWIANYCH ODMIAN ZIEMNIAKA (SOLANUM TUBEROSUM L.) W ETIOPII

ABSTRAKT

Cel pracy
Gléwnym celem badan byto poréwnanie réznic w wydajnosci wzrostu, wspotczynniku podziatu suchej masy
oraz wskazniku zbiorow powszechnie uprawianych odmian ziemniaka.

Materiaty i metody

Badania przeprowadzono w Centrum Badan Rolniczych w Adet w Etiopii podczas gldéwnych sezonéw upra-
wowych 2019/2020 i 2020/2021, przy uzyciu randomizowanego kompletnego projektu blokowego dla od-
mian Shenkola, Belete, Gudenie, Guassa, Dagim i Ater Ababa Przyjeto cztery rozne terminy zbiorow (30, 45,
60175 dni po posadzeniu (DAP)).

Wyniki i wnioski

Na wcezesnych etapach rozwoju najwyzszy procent akumulacji suchej masy przypadal na wzrost wegetatyw-
ny, a nastgpnie na bulwy w kolejnych zbiorach. Maksymalny plon bulw, wskaznik pecznienia bulw i indeks
zbioru (36,17 t/ha, 4,23 g plant™ dzien™ i 0,8) odnotowano dla odmiany Belete. Na wczesnych etapach roz-
woju najwyzszy procent akumulacji suchej masy przypadal na wzrost wegetatywny, a nast¢gpnie na bulwy w
kolejnych zbiorach. Maksymalny plon bulw, wskaznik pecznienia bulw i indeks zbioru (36,17 t/ha, 4,23 g
plant! dzien' i 0,8) odnotowano odpowiednio dla odmiany Belete. Odmiana Belete moze da¢ umiarkowany
plon po 45 DAP. Odmiana Guassa (o wspotczynniku podziatu 0,92 w 75 DAP) byta w stanie wyprodukowac
92% swojego plonu w 75 DAP, a jej plon byt pordéwnywalny z najwyzej plonujaca odmiang (tj. Belete). Na
takich obszarach, gdzie spodziewane sg nieregularne opady deszczu, Guassa i Belete moga by¢ stosowane
jako wezesne odmiany w systemach produkcji ziemniakow.

Stowa kluczowe: ziemniak, akumulacja suchej masy, plon bulw, wskaznik pgcznienia, wskaznik zbioréw,
wskaznik podziatu
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