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ABSTRACT

Two field experiments were conducted on a private farm in Kafr El-Zayat, Gharbia Governorate,
Egypt (latitude 30.867344' N and longitude 30.802303' E), during two successive summer seasons of
2020 and 2021 to investigate the effect of planting depth (10, 15, 20 and 25 cm) on vegetative growth,
productivity and quality of potato tubers (Solanum tuberosum L.) cv. “Kingsman”. The soil texture of
the experiment site was clay loam. Generally, there were significant differences among the various
treatments of planting depth, in both seasons. The highest significant were obtained at 10 cm planting
depth for earliness of potato sprouts emergency, plant height, leaf area, number of leaves per plant,
number of tubers per plant, weight of green tubers per fed and cracks of tuber per fed. Moreover,
planting depth at 20 cm showed the highest significant value for the number of stems per plant, fresh
weight of tubers per plant, size of tubers per plant, total yield and marketable yield per fed. While the
lowest values for the same traits were revealed from planting depth at 25cm except marketable yield
at 10 cm and tuber cracking at 20 cm in both seasons. However, there was no significant difference
among treatments on length of stolons per plant and number of stolons per plant in both seasons. This
study recommended that planting depth at 20 cm recorded the best values for most of treatments
including lowest tuber greening and cracks.
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2020). Arab et al. (2011) found that the tallest

INTRODUCTION plants were at 20 cm depth of planting as

Potato (Solanum fuberosum L.) is a major compare to 10 and 30 cm planting depth.
food crop throughout the worldwide. Potato Chehaibi et al. (2013 b) showed that the
productions were around 388 million tons in mechanical cultivation increase depths were
2017 and have a rank the fourth in the world given significantly increasing in the leaf area of
after rice, wheat and maize. It is estimated that potato. On potato, the maximum number of
less than 50% of potatoes grown worldwide leaves per plant was found with planting
are consumed cooked. The rest are processed depth at 13 cm, followed by 8 cm, while the
to obtain food ingredients, alcohol, starch and minimum number of leaves was recorded at 18
animal feed or re-used as seed tuber of potato cm planting depth (Singh et al, 2020). In
(Anonymous, 2017). In Egypt, potato occupies another study, it was reported that the stolon
about 408 thousand feddans produced about length decreases for Russet Burbank and
496 million tons according to FAOSTAT, Umatilla Russet varieties planted at 20 cm
(2018). compared with a 10 cm depth (Pavek and

Thornton, 2009). However, the maximum
number of tubers per plant was obtained at 10
cm planting depth but the lowest number of
green tuber recorded at 20 cm depth of
planting (Kumar et al., 2015). On potato, results
showed that significant increment in potato
tuber fresh weight at 10 cm and 15 cm depth of
Agria variety in compared with the other
variety (Draga) which did not have any
response (Laei et al., 2012). Also, a research
paper showed that the diameter of tuber was
influenced by planting depth and potato
variety (Tanyaradzwa et al., 2015). In another
study bout the effect of planting depth, it was
found that planting depth at 20 cm produce
high significance in total yield and marketable
yield than other treatments (Kumar et al.,
2015). Several studies have shown that the
quantities of green tubers can be reduced by

The relationship between tubers-greening
and tubers-cracks with planting depth and
tuber position inside the hill have been studied
(Bohl and Love 2005 and Pavek and Thornton
2009). The effects of planting depth on
vegetative growth and productivity of potato
have been reported (Selman et al., 2008; Arab et
al., 2011; Laei et al., 2012; Nebiyu, 2015; Joshi et
al., 2019 and Singh et al., 2020). Presence of
green tubers reduces total marketable yield
and farm profits (Nebiyu, 2015). On potato
tuber showed that the earliness of potato
sprouts emergency was found at 10 cm
planting depth as compared to 15 and 20 cm
(Kumar et al., 2015). On the other hand, it was
found that the highest number of stems per
plant resulted from 18 cm depth of planting as
compared to others treatments (Singh et al.,
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increasing planting depth (Stalham et al., 2001
and Bohl and Love 2005; Arab et al., 2011; Laei
et al., 2012; Joshi et al., 2019 and Singh et al.,
2020). The physiological disadvantages of
tubers were occurring when potato splits and
still growing as the following, a) Because of the
difference in planting depth, b) Uneven
absorption of water and when the core tissue
inside the tuber grows faster than the outer
tissues, c) Each of these physiological problems
relate to fluctuations in soil moisture and d)
These cracks generally begin at the bud or the
apical end of the potato and extend
longitudinally (Selman et al., 2008 and Pavek
and Thornton 2009). Potato tuber cracks
increases when relatively poor growing
conditions are rapidly followed by relatively
good growing conditions, such as prolonged
moisture stress or high temperatures followed
by excessive rainfall or irrigation (Selman et al.,
2008 and Nebiyu, 2015). The objective of this
study was to reduce the unmarketable tubers
via reducing the potato tuber greening and
cracks.

MATERIAL AND METHODS

The experiment was carried out in a private
farm at Kafr El-Zayat city, Gharbia
governorate, Egypt (latitude 30.867344' N and
longitude 30.802303' E) during two successive
summer seasons of 2020 and 2021. This
experiment was to study the effect of planting
depth (10, 15, 20 and 25 cm) on growth,
productivity and quality of potato cv.
“Kingsman”. The soil texture of the
experiment site was clay loam. The aim of this
experiment was to reduce the physiological
defects of yield and marketable yield (Green
and Cracks of tuber). Potato tubers seeds were
obtained from Daltex Rock Agriculture
Company Kafr El-Zayat, Gharbia, Egypt. The
tuber seeds were kept in shaded area for two
weeks before cultivation to develop the
sprouts. The sprouting potato planted into
open field at the first week of January in the
two seasons of 2020 and 2021. Every treatment
included 3 replicates and each replicate
consisted of 3 rows, each row was 3.5 m long
and 80 cm width. The distance between rows
was 80 cm apart and between plants was 25
cm.

A manual digger was used for planting
tubers with different four depths such as 10,
15, 20 and 25 cm (Figure 1). All agro-
management applied such as pests control
were performed whenever it was necessary,
surface irrigation and fertilization as
recommended in the commercial production of
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potato according to Ministry of Agriculture,
Egypt. Likewise, potato hills with a flat top
were formed prior to planting tubers pieces by
hand and remove sufficient soil and the tuber
pieces were placed with the cut surface down
and the sprout up according to Bohl and Love
(2005). Planting depth was measured (ruler
centimeters) from the top of the tubers pieces
to the top of the hill. Concerning, day after
planting (DAP) to harvest was 125 days in
both seasons. The trial was arranged each year
in a randomized complete block design with
three replicates.

Recorded Data:
Vegetative characteristics:

Earliness of potato sprouts emergence,
number of stems per plants, plant height, leaf
area, number of leaves per plant, average
length of stolons per plant, and number of
stolons per plant. Data were characterized
after 90 days from cultivation.

Yield characteristics:

Tubers fresh weight, size, number, total
yield, total marketable yield and physiological
defects (greening weight and cracks). These
data were taken at harvesting date (after 125
days from cultivation).

Data procedures:

Earliness of potato sprouts emergence was
recorded by counting the plants from the
beginning tuber cultivation until the time of 90
% emergence potato plants.

Number of stems per plant was counted.

Plant height (cm) was estimated by a ruler
from the hill soil surface to the plant apical
meristem.

Leaf area index (cm?) was measured using a
portable leaf area meter (YM]-A, Zhejiang Top
Cloud Agri Technology Co., Ltd, China) as
described by (Liu et al., 2015).

Number of leaves per plant was counted.

Average length of stolons (cm) was
estimated from stem underground to the tuber
by a ruler.

Number of stolons was counted.

Fresh weight of tubers per plant was
weighed in grams by a digital balance.

The size of tubers was measured in cm? by
immersing the tubers in a container filled with
water and the displaced water was measured
by a graduated jar.
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Number of tubers per plant was counted.

Total yield was weighed in (ton/fed) by a
digital balance.

Green tuber weight protruding from the
top of the hill were weighed in (ton/fed) by a
digital balance.

Cracks was weighed in (ton/fed) by a
digital balance.

Total marketable and un-marketable yield
were weighed in (ton/fed) by a digital balance.

Statistical analysis:

The experiment was statistically analyzed
in a randomized complete block design one-
way ANOVA with three replicates. The
obtained data was subjected to the analysis of
one-way ANOVA and L.S.D. method at 5%
level of significance according to Snedecor and
Cochran (1980).

RESULTS AND DISCUSSTION
Vegetative characteristics:

The effect of planting depth on vegetative
growth characteristics of potato was shown in
Table (1) during seasons of 2020 and 2021.
These results showed that the shallow planting
depth at 10 cm produced the highest values in
all studied vegetative growth characters of
potato plants, except planting depth at 20 cm
was achieved highest value in number of
stems per plant. The results indicated that
there was no significant difference in length of
stolons per plant and number of stolons per
plant in both seasons. However, the planting
depth at 25 cm recorded the lowest values for
all vegetative characteristics in the obtained
depth.

The results showed that earliness of emerge
of potato sprouts were exhibited in shallow
planting depth at 10 cm compared to the other
treatments. These may be due to the potato
sprouts having to come across a long distance
of the ground to emergence compared to the
shallow planting depth (Sultana et al., 2001). A
Similar study found that a gradual increase in
planting depth is associated with an increase
in the time to emergence and further delay
emergence of tuber sprouts and fewer crop
producers (Bohl and Love 2005).

The results show that more stems produced
when planted at 20 cm depth could be due to
warmer temperatures and an increase in the
number of stems was given. But other varieties
can be increased in stem number that tuber
cuttings planted close to the soil surface
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produce more stems than those planted deeper
(Stalham et al., 2001). Finally, it can be checked
for the unique growth characteristic of each
species that needs adjustments in management
techniques to reach the maximum yield of field
tubers (Bohl et al.,, 2011). The plant height of
potato was decreased with the increase in
planting depth, similar results were also found
by Abbasifar et al. (1996) and Kumar ef al.
(2015). However, the increase in plant height
was attributed to the earlier emerges of plants
at 10 cm planting depth compared to another
planted depth (Singh et al., 2020).

Potatoes produced the largest leaf area at 10
cm planting depth during the 2020 and 2021
seasons, respectively. These may be attributed
to the increased nutrient absorption time with
the earlier onset of the other treatments, in
both seasons. But the optimal leaf area was at a
depth of 20 cm for planting. These results are
consistent with those found by (Chehaibi et al.,
2013 b and Ilyas and Ayub., 2017). The overall
trend of leaf number was significantly higher
in the shallow planting depth. This increase in
traits may increase the plant's vegetative
growth and nutrition consumption to produce
new leaves without increasing the overall yield
of tubers.

Yield characteristics:

As the mean values illustrated in Table (2),
there was a significant effect in planting
depths for all studied yield characters of
potato tuber, in both seasons. These results
exhibited that the planting depth at 20 cm
produced the best values for fresh weight of
tuber per plant and size of tubers per plant,
except for the number of tuber per plant which
led to show the highest value at 10 cm depth.
On the other hand, the lowest values of
average fresh weight and tuber size per plant
were obtained from the planting depth at 25
cm.

Some scientific reports discussed the effect
of planting depth on fresh weight of tuber per
plant and size of tubers per plant (Bohl and
Love, 2005 and Joshi et al, 2019) whose
mentioned that the significant responses of the
fresh weight of tuber per plant and the size of
tubers per plant could be as a result of
transferring nutrition from leaves to tubers
storage if planted at an appropriate planting
depth. Similarly, the results of Arab et al.
(2011) indicated that the suitable planting
depth for a potato variety Agria was at 20 cm.
In addition, the relation between the
significance of mean values of yield attributes
and planting depth were varied according to
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the examined potato variety (Pavek and
Thornton, 2009 and Kumar et al., 2015).
Another research refers to the fact that the
highest average fresh weight of tuber attribute
to stolon length determines the location of the
tubers in the soil (Chehaibi et al., 2013a and
Nebiyu., 2015).

The results in Table (3) showed that most of
the planting depth treatments at 20 cm had a
significant effect on total yield and marketable
yield compared to other treatments, in both
seasons. While, shallow planting depth at 10
cm gave the highest value for the physiological
disadvantages of potato tubers. However, the
lowest value of total yield, marketable yield
and physiological disadvantages of potato
tuber was registered at 25 cm, 10 cm and 20 cm
planting depth respectively.

The planting depth at 20 cm improved
crop’s capability for producing photosynthetic
matters and increased fresh weight of tuber by
storage carbohydrates in tuber and ultimately,
incremental of total tuber yield per hectare at
this planting depth (Arab et al., 2011). Also, our
results indicated that the marketable yield
differed significant may be due to the
improvement in the quality of tuber through
lower physiological disadvantages (green
weight and tuber cracks). The height green
tuber weight at 10 cm was due to shallow
planting depth, it is side of the hill and
sunlight exposure tuber in surface soil (Bohl
and Love, 2005). Additionally, the longer
stolons found on stems of the shallowest-
planted seed pieces may have exacerbated
tuber greening by positioning tubers nearer
the sides of the hill. These results agree with
(Stalham et al., 2001 and Pavek and Thornton,
2009). A conversion of amyloplasts into
chloroplasts in the potato tuber after light
exposure is known as tuber greening and is
one of the major causes for the low total
marketable yield of potato tuber (Plich et al.,
2020). Generally, Un-likely height green
weight of tuber because it's decreased
marketable yield. The physiological defects of
tuber (cracks) were relative to fluctuations in
(soil moisture and uneven uptake of water)
may be the difference in planting depth led to
the core tissue inside the tuber grows faster
than other the outer tissues of tuber cause of
cracks (Nebiyu, 2015). Generally, the shallow
at 10 cm and deeper at 25 cm increased tuber
cracks due to the difference in water uptake,
unlike this planting depth so it caused
decreased quality and quantity of potato
tubers marketing and the best treatments were
at a planting depth of 20 cm.
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CONCLUSION:

Finding of the result indicated that among
four different planting depths, the planting
depth at 20 cm recorded significant increase in
all vegetative growth, yield and quality of
potato. Also, it recorded the lowest tuber
greening and cracks.

ACKNOWLEDGEMENT:

Author woud like to thank Prof. Dr. Shamel
Ahmed Shanan at Horticulture Department,
Faculty of Agriculture, Al-Azhar University;
Author would like also tothank Prof. Dr.
Mohamed Tarek Al-abd at Horticulture
Department, Faculty of Agriculture, Al-Azhar
University, Cairo, Egypt. Great thanks to Al-
Azhar University, Egypt for their help and
support, as well as giving advice and
suggestions during this study.

REFERENCES

Abbasifar, A.S.K., Ghafari, H. 1996: Study of the
effects of planting depth on potato yield (Two
crops of spring and autumn). In Proceedings of
the Second Conference on Research and Treatment
Liquid Vegetables, Karaj, Iran. pp (pp. 4-7).

Anonymous, 2017: Crop production data,
Available online at http://faostat.fao.org.

Arab, H.R., Afshari, H.,, Sam, D.M., Laei, G,
Toudar, S.R. 2011: The effect of planting date,
depth and density on yield and yield
components of potato in Shahrood (Iran).

Bohl, W.H., Love, S.L. 2005: Effect of planting
depth and hilling practices on total, US No. 1,
and field greening tuber yields. American
journal of potato research, 82(6), 441-450.

Bohl, W.H., Love, S.L., Salaiz, T. 2011: Hill shape
effect on field-greening tuber yield. Presented
at the Idaho Potato Conference on 19, January
2011.

Chehaibi, S., Douh, B., Dridi, E.B.M., Bechir, M.H.
2013b: Impact of mechanical planting depth
and density on agronomic parameters of
organic potato Solanum tuberosum L. Journal
of Applied Horticulture, 15(2), 147-149.

Chehaibi, S.,, Hamdi, W., Abrougui, K. 2013a:
Effects of planting depth on agronomic
performance of two potato varieties grown in
the Sahel region of Tunisia.Journal of
Development and Agricultural Economics, 5(7),
272-276.

FAOSTAT, 2018: Food and Agriculture
Organization of the United Nations, FAOSTAT
Home Page, http://www.faostat.fao.org.

Ilyas, M., Ayub, G. 2017: Role of planting depth
and mulching on growth and yield

300



Al-Azhar Journal of Agricultural Research V. (47) No. (2) December (2022) 297-303

components of autumn potato crop sown at
different dates. Pure and Applied Biology
(PAB), 6(4), 1436-1449.

Joshi, B., Dhakal, R., Bharati, S., Dhakal, S., Joshi,
K. 2019: Effect of Planting Depth and Mulching
Materials on Yield and Yield Attributes of
Potato in Dadeldhura, Nepal. Acta Scientific
Agriculture 3(10), 131-140.

Kumar, P., Singh, S., Kumar, R., Rawal, S., Singh,
B.P. 2015: Effect of tuber planting depth on
yield, quality and profitability of potato
(Solanum tuberosum) processing varieties. Ind.
J. Agron. 60: 139-144.

Laei, G. Noryan, M., Afshari, H. 2012:
Determination of the planting depth of potato
seed tuber yield and yield components of two
varieties agria and draga response curves
seed. Annals of Biological Research, 3(12), 5521-
5528.

Liu, S., Peng, Y., Du, W,, Le, Y, Li, L. 2015:
Remote estimation of leaf and canopy water
content in winter wheat with different vertical
distribution of water-related properties. Remote
Sensing, 7(4), 4626-4650.

Nebiyu, T.F.D.B.A. 2015: Effect of Planting Depth
and Time of Earthing-up on Potato (Solanum
Tuberosum L.) Yield and Yield Components at
Jimma University College of Agriculture and
Veterinary Medicine, South West Ethiopia.

Pavek, M.]J., Thornton, R.E. 2009: Planting depth
influences potato plant morphology and
economic value. American journal of potato
research, 86(1), 56-67.

Plich, J., Zimnoch-Guzowska, E., Tatarowska, B.,
Sliwka, J. 2020: Quantitative trait loci analysis
of potato tuber greening. Molecular Biology
Reports, 47(3), 1713-1722.

Selman, L., Andrews, N., Stone, A., Mosley, A.
2008: What's wrong with my potato tubers?
diagnosing tuber abnormalities in western
Oregon and Washington.

Singh, N., Singh, A., Singh, K. 2020: Effect of
Depth of Tuber Planting on Growth and Yield

Parameters of Potato
Crop.Int.].Curr.Microbiol. App.Sci.  9(5):  2504-
2507. doi:

https://doi.org/10.20546/ijcmas.2020.905.286

Snedecor, G.W., Cochran, W.G. 1980: Statistical
methods., 7th edn (Iowa State University Press:
Ames, TA).

Stalham, M.A., Fowler, J.H., Pavek, M.]. 2001:
Effect of planting depth and re-ridging on crop
growth and tuber greening in FL
1953. Cambridge  University — potato  growers
research association annual report, 16-21.

Sultana, N., Bari, M.S., Rabbani, M.G. 2001: Effect
of seedling tuber size and depth of planting on
the growth and yield of potato. Pakistan Journal
of Biological Sciences, 4(10), 1205-1208.

Eldigamony et al

Tanyaradzwa, Z. L., Tuarira, M., Moses, M., Jefta,
T. 2015: Effects of planting depth and variety
on container produced potatoes. J. Glob. Innov.
Agric. Soc. Sci, 3, 1-7.

301



Al-Azhar Journal of Agricultural Research V. (47) No. (2) December (2022) 297-303 Eldigamony et al

Table 1: Effect of planting depth on physical characteristics at 90 days from cultivation date during 2020 and 2021 seasons.

Emergency 90%

length of stolon cm

. (Days) No. stem/ plant plant height (cm) Leaf area (cm?) No. Leaves / plant /plant No. Stolon /plant
reatments

1st 2nd 1st 2nd st 2nd st ond 1st ond 1st ond 1st 2nd

Season Season Season Season Season Season Season Season Season Season Season Season Season Season
10 cm 40.0 35.6 24 2.7 39.3 37.7 242.9 256.4 14.6 12.3 4.4 52 9.0 7.7
15 cm 42.0 37.0 2.2 2.4 30.0 31.6 224.8 239.2 13.0 10.3 3.9 4.9 8.0 6.7
20 cm 42.3 37.1 2.7 2.9 37.5 36.7 237.7 248.4 13.6 12.0 3.8 4.6 8.0 6.7
25 cm 43.0 39.0 1.9 2.1 29.8 30.3 215.8 194.8 11.3 9.7 3.8 4.2 7.7 6.3
LSD5 % 0.57 0.38 0.43 0.27 1.42 1.6 0.28 0.39 1.10 0.94 NS NS NS NS

1ojopo
_—

Figure 1: Showing the cultivation of potatoes with different planting depths 10, 15, 20 and 25 cm.
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Table 2: Effect of planting depth on fresh weight, size of tubers and number of tuber at 125 days
during 2020 and 2021 seasons.
Fresh weight of tuber  Size of tubers per plant

No. tuber /plant

Treatments (g /plant) (cm?)
1stSeason  2nd Season  1stSeason  2nd Season  1stSeason  2nd Season
10 cm 590.00 567.30 531.60 523.30 7.00 7.30
15 cm 635.00 570.26 582.60 572.30 5.30 5.30
20 cm 687.28 656.30 629.00 614.00 5.30 5.50
25 cm 573.30 511.60 515.00 516.00 5.00 5.00
LSD5% 3.90 4.54 2.30 2.55 1.45 1.55

Table 3: Effect of planting depth on total yield, marketable yield and physiological disadvantages of
potato tuber at 125 days during 2020 and 2021 seasons.

Physiological disadvantages of potato tuber

Treatments Total yield (ton/fed) Mar(l:gf})flee d};ldd (ton/fed)
Green tuber Cracks
IstSeason  2nd Season  1stSeason ~ 2nd Season  1st Season  2nd Season  1st Season  2nd Season
10 cm 16.25 15.60 14.16 13.90 1.00 0.75 1.09 0.96
15 cm 16.38 15.20 15.73 14.90 0.25 0.11 0.41 0.22
20 cm 17.27 16.38 17.03 16.25 0.00 0.00 0.24 0.14
25 cm 15.11 14.85 14.63 14.57 0.00 0.00 0.48 0.28
LSD5% 0.56 0.36 0.76 0.94 0.12 0.14 0.19 0.14
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