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Abstract

Sweet potato is a dual-purpose crop, which could produce both food and feed. The vine pruning prior
to storage root harvesting was intended to increase the quantity and quality of fresh forage for animal
feed. This study aims to evaluate whether peridfic pruning can affect the storage root yield and its starch
content. This experiment employed split-plot design with two factors and three replications. The first
factor as main plot was vine pruning which consisted of four distinct pruning times (four times, three
times, twice and once). The second factor as sub-plot was cultivars which consisted of six dual-purpose
cultivars and two controls. The storage root yields, vine yields, starch yields and the reduction in storage
root yields were observed. The results showed that the vine pruning decreased the storage root yields,
with small increases the vine yields. The percentage of the reduction in storage root yields were 4-58%,
while the decrease vine yields are relatively inconsistent. The starch yield of the cultivars with one
pruning time were in the range of 2.34-6.67 ton ha'. On the contrary, the three times pruning or more
since 80 days after transplanted can reduce the starch yields for more than 50%. The slight increase in
vines yield due to pruning was followed by the decrease in storage root yields and starch content of the
sweet potato.
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from sweet potato harvest is lower than the other
crops such as potato, groundnut and vegetables

INTRODUCTION

Sweet potatoes are food crops with wide
ecological adaptability, drought-tolerant, often
cultivated in the marginal soils under low
agricultural input and are able to grow with
limited water available for irrigation (Motsa et al.,
2015a; Motsa et al., 2015b; Chipungu et al., 2018;
Lestari et al., 2019). Sweet potato plantations can
reduce soil erosion because of its vines’ ability to
cover the soil surface (Oshunsanya, 2016). Sweet
potatoes were mostly planted in the dry season
(Bunphan and Anderson, 2019) and the soil loss

* Received for publication July 9, 2019
Accepted after corrections August 18, 2020

both from mono as well as double croplands (Yu
et al., 2016; Nanda et al., 2019). Thus, the sweet
potatoes are suitable to be cultivated to support a
sustainable agriculture systenfg)

Sweet potatoes potential as a dual-purposes
crop, i.e. harvesting the vines as livestock feed
and harvesting the storage Pt for human
consumption and/or bio-fuel (Megersa et al.,
2012; Mussoline and Wilkie, 2017). According
to Shumbusha et al. (2017), the dual-purpose
sweet potato clones are the ones which have
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combinations of high storage root yields and vine
production. Sweet potato has the capabilities to
produce a large amount of vines as a feed source,
aside from the yields of storage roots. According
to Indawan et al. (2018), sweet potato cultivars
planted on dry land were able to produce storage
roots ranging from 10-23 ton ha' and vines
ranging from 5-24 ton ha in four months. Other
research of sweet potato on dry land showed that
the crop produced as much as 5.35-17.47 ton ha
! of storage roots and 11.76-22.88 ton ha'! of
vines. Whereas when planted on paddy fields, the
production of storage roots could reach 19.90-
64.52 ton ha' and vines ranging from 11.91-
32.09 ton ha™' (Lestari et al., 2019).

Sweet potato cultivations are mostly for dual-
purpose use; both for human food or biofuel and
livestock feed, needs to be developed and
improved. However, information on agronomic
practices to produce storage roots and vines
optimally is still limited. The vines of sweet
potato are quite abundant at harvest, Lestari and
Hapsari  (2015) showed that sweet potato
plantation was(@ble to produce vine yields ranging
from 5-56 ton ha™' on fresh weight or 2-7 ton ha’!
on dry weight. Similarly, another study on three
cultivars, found that the plantation was able to
provide its fresh vines ranging from 14.9-53.5ton
ha' and dry vines of 2.3-7.9 ton ha' (Mussoline
and Wilkie, 2017). This illustrates that the volume
of forage is big enough to be utilized as animal
feed.

According to Sirait and Simanihuruk (2010)
and Baba et al. (2018), sweet potato vines as an
agricultural by product can be used as livestock
feed due to its availability and nutritional values.
The criteria for high nutritional values of the
animal feed from sweet potato vines must be
based on relatively lower NDF (Neutral Detergent
Fiber) values; whereas according to Irungu et al.
(2015) and Mbithe et al. (2016), the nutritional
values were evaluated through the digestibility of
organic matter in vitro (IVOMD), metabolic
energy (ME), yields of fatty acids and crude
protein. Sweet potato vines contain low
carbohydrate and high crude protein content
which can reach up to 29%:; so it can be used as a
feed source to improve meat quality (Van An et
al., 2003; Abonyi et al., 2012). Sweet potatoes
storage roots from different cultivars evaluated in
Sudan (Baba et al., 2018) had a range of crude
protein content ranging from 10.82-20.58%;
whereas from three cultivars evaluated in Florida,

the United States had a range of 124-141 g kg
(EN2.4-14.1%) based on their dry weight
(Mussoline and Wilkie, 2017).

The nutritional values of the sweet potato vines
(shoot) decrease with increasing harvest age and
120 days after planting (DAP) is recommended as
the suitable age for harvesting (Irungu et al.,
2015). The harvest age of sweet potato shoot can
be regulated to obtain the optimum quality of the
shoot nutritional contents. Some researchers have
evaluated the time of pruning for various purposes
(Van An et al., 2003; Olorunnisomo, 2007;
Ahmed, 2012; Irungu et al., 2015; Jayanti et al.,
2016; Suminarti, 2016; Suminarti and Novriani,
2017; Novianti and Setiawan, 2018; Netsai et al.,
2019). In general, the researchers indicate the
effect of pruning on the growth components and
the storage root yields. In addition, the reduction
of storage root yields, when followed by a
decrease in starch content in sweet potatoes, is a
very important variable to be considered if the
sweet potatoes were used in the production of
bioethanol.

In Indonesia, sweet potato pruning generally
intended to reduce the sweet potato vegetative
growth when the crops were cultivated in the rainy
season (Mwololo et al., 2012). Excessive
vegetative growth can inhibit the formation of
storage root (Gajanayake and Reddy, 2016;
Saitama et al., 2017). However, evaluating the
pruning frequency to collect forage for animal
feed needs to be done and several studies have
been carried within the topic of interest by
Olorunnisomo (2007) and Irungu et al. (2015)
although the information is still limited in
Indonesia.

Therefore, the effect of periodic pruning of
sweet potato vines for livestock feed source on the
storage root yield and starch need to be
observed. This study aims tflevaluate the effect of
the pruning on vines and storage root yields as
well as the starch content of dual-purpose sweet
potato clones.

MATERIALS AND METHOD

Experimental site

The experiment was conducted at the Research
Station of Brawijaya University in Kromengan
Sub-district, Malang Regency. The location is
7°21'14.6" South Latitude and 110°10'23.8" East
Longitude with an altitude of approximately 390
meters above sea level (m asl) (Village Official
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Website of Jatikerto, Kromengan Sub-district,
Malang Regency). The results of soil analysis of
the location were as follows: pH H»O 5.5 (pHka
=4.9),C-org 0.87% (very low) and N-total 0.09%
(very low), P-available 0.76 mg g' (very low),
CEC 1896 me 100 g' (medium) and base
saturation 67 (high). The texture class of soil is
clay with a fraction of sand, silt and clay of 17%,
35% and 48%. respectively. The lands marked as
very intensive for crop cultivation. Following
Sitorus et al. (2011), the land criteria have been
degraded based on the silt percentages fraction
between 20-40%, P-available is at the very low
level (< 3 ppm) and the intensive cultivation of
land for food crops was included in severe
degradation criteria. The experiment took place
from April to September 2018.

Materials

The materials Bbed in this experiment were
consisted of eight sweet potato cultivars, namely:
Kuningan Putih (V,), Beta 2 (V2)., Kuningan
Merah (V3), BIS OP-61 (V.), 73-OP-5 (Vs), Beta
2-9-29 (Ve), BIS OP-61-OP-22 (V7) and Sari
(V). Kuningan Putih and Kuningan Merah are
two local cultivars from Kuningan Sub-district
(West Java), Beta 2 and Sari are high yield
varieties which has been released. The remaining
four cultivars are our research collections, which
were deposited at the Research Station of
Brawijaya University in Kromengan Sub-district,
Malang Regency. The eight cultivars consisted of
two types of sweet potato, the dual-purpose type
and the high root-storage production type, as
presented in Table 1.

Table 1. Sweet potato cultivars and their growth types ('Lestari and Hapsari, 2015)

No. Cultivar’ Growth type

1.  Kuningan Putih Low dual purpose

2. Beta High dual purpose

3. Kuningan Merah Low dual purpose

4.  BIS OP-61 Low dual purpose

5.  73-0P-5 High dual purpose

6. Beta2-9-29 High dual purpose

7.  BIS-OP-61-0OP-22 High root production
8.  Sari High root production

Experimental design and treatment

A split-plot design was used for this study
with three replications. Two experimental factors
included the vines pruning as the first factor as the
main plot and the dual-purpose cultivars as the
second factor laid out in a subplot. The pruning
frequency of vines (P) consisted of four levels;
which were P80 (pruning four times at 80, 90, 120
and 150 DAP), P90 (pruning three times at 90,
120 and 150 DAP), P120 (pruning twice at 120
and 150 DAP) and P150 (once pruning at 150
DAP). TEk sweet potato of dual-purpose cultivars,
were 1) Kuningan Putih, (2) Beta 2, (3) Kuningan
Merah, (4) BIS OP-61, (5) 73-OP-5 and (6) Beta
2-©-29, as presented in Table 1. Besides the dual-
purpose cultivars, two other cultivars were also
planted as controls. The cultivars chosen as the
control varieties were based on the types of
storage root production, namely BIS OP-61-OP-
22 and Sari (Lestari and Hapsari, 2015). £ plants
were given the fertilizer of 300 kg NPK ha'! and

100 kg KCI ha'! and 5 ton ha'! of the biochar.
Biochar was applied entirely at the time of tillage,
NPK and KCI gave twice 1/3 part at 7 DAP and
the rest at 45 DAP.

The study used four rows of plots each
measuring 5 x 2.5 m’. The sweet potatoes were
planted with cuttings of + 25 cm long and with a
spacing of 25 c¢m in a row. Each plot was
populated with 40 cuttings. Vines harvesting was
carried out periodically according to the treatment
of vines pruning, but the storage root harvest was
carried out at 150 DAP (5 months). Trimming
volume of 25% is applied every time of pruning
following (Netsai et al., 2019).

Data analysis

The observed variables were storage root
yields, vines yield, percentages of storage root
yields reduction and starch yields. The storage
root yields, vine yields and starch yields were
measured based on the total population of 40,000
plants ha'. The data collected were analyzed by
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ANOVA method according to the Split Plot
Design following (Gomez and Gomez, 1984).
Treatment means presented with the associated
standard error of the means (S.E.) with alpha
at 1%.

RESULTS AND DISCUSSION

The storage root yields based on the pruning
frequency

Sweet potato pruning was intended to collect
forages for animal feed. However, this pruning
had an impact on storage root yield. The P150
treatment with once pruning, P120 with twice
pruning, P90 with three times pruning and P80
with four times pruning, had significantly

B0Once pruning (P150)

different storage root yield (p <0.01) as presented
in Figure 1. The results showed that storage root
yields decreased with increasing frequency of
pruning. The decrease in root yields were varied
depend on the sweet potato cultivars. In general,
in treatment P80 and P90 the pruning effect
greatly reduced the storage root yield, ranged
between 5.63-18.14 ton ha! at P80 and 7.27-18.68
ton ha' at P90. Meanwhile, the pruning at P120
was relatively not different with the pruning at
treatment P150 DAP(13.01-25.26 tonha™ at P120
and 13.54-33.82 ton ha' at P150 respectively).
The storage root yields between Kuningan Putih,
73-OP-5 and Sari were relatively similar from
each other when they were pruned twice (P120) to
those that were pruned once (P150).

@ Twice pruning (P120)

45.00 BThree times pruning (PY0) BFour times pruning (P80)
40.00
2 3500
2 3000
= n
g 2500 [ ] i =5
= it ti e o n
g 2000 it ; e ] e
Z i B AlmT & e 1B
g 500 | HET (AER alls L FElE FEmE
g CEmL AECE PR P e
7 00 HEE e A e e e
soo | CIECE e 1B £l glz|5 CglEE  CfE
oo LEEHH HEHE AEHE Al Al Bl e 4
’ Kuningan : o Bls-OP-
buh | P62 Nenn BISOPGITIORS  BUZE o sa
O0nce pruning (P150) 18.33 24.05 33.82 25.87 24.96 22.09 21.53 13.54
BTwice pruning (P120) 16.17 19..19 25.26 15.45 23.01 17.16 19.49 13,01
OThree times pruning (PY0) 12.63 16.90 18.68 17.15 16.60 17.28 15.49 7.27
BFour times pruning (P80) 9.84 11.37 15.06 14.56 14.20 15.87 18..14 5.63
Cultivar

Figure 1. The storage root yield of eight sweet potato cultivars as affected by the pruning

frequency treatments (Bars are SE)

Bur study was in agreement with the research
of Van An et al. (2003) they showed that the
perffiic defoliations on sweet potatoes affected
the storage root yield, the root yield decreased by
20% when the vines were harvested with the
interval of 30 days (a total of two harvests) with
the removal of up to 50% of the vine. The research
by Ahmed (2012) was carried out on the highland
(740 m asl) with vines harvesting was done in a
way that all vines of each plant were cut back to
10 cm above ground level at 45,75 and 105 DAP,
the results also showed decrease in storage root

yield in the standard sweet potato cultivar in
Ethiopia. The difference between our research
and the research of Van An et al. (2003) and
Ahmed (2012) lies at the age of pruning and
the proportion of vines harvested. Time age of
first pruning, the frequency of pruning and
the proportionality of vines cutting tend to
significantly decrease the root yields, in opposite
with the increasing of the vine yields. Inliff§ with
Jayanti et al. (2016), defoliation affected storage
root weight per plant as well as fresh root yield per
hectare. However, our study is very different from
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the research of Niyireba et al. (2013) where the
pruning increased vine yields without reducing
root yields.

Defoliation generally affected storage root
production, which can be explained by the
experiment results which showed that the vines
are negflively correlated with root yields (Enyi,
1977). Increasing the frequency of vine harvests
increased the partitioning of assimilates to vines
(Gomes et al., 2005). Findings in the current study
suggested that a highly significant reduction in
root yields due to the pruning is attributed to the
increased assimilates deposition into the vines as
explained by Gomes et al. (2005). The reduction
in root yields is very detrimental to staple food
production. Therefore, the harvest of vinesduring
the growth of sweet potato plants are not
recommended because the adverse will to the
storage root yields.

The vine yields based on the frequency of
pruning

The pruning of sweet potato vines periodically
did not affect the vine production (p > 0.05), but

B Once pruning (P150)

there are differences in vine yields among the
cultivars evaluated (p < 0.01). The vine yields of
the cultivar with one a time pruning (P150) varied
in different cultivars, ranging from 4.75-25.02
ton ha! (Figure 2). When the pruning conducted
more than once, however, all of the cultivars
showed different responses in the vine yields.
Among eight cultivars, two of them had doubled
their total vine yields when the pruning was
carried out, namely Kuningan Putih and73-OP-5.
However, two other cultivars showed relatively
no changes in the total of vine yields, namely
Kuningan Merah and BIS OP-61 (Figure 2). The
varying vine yields due to in this study is in line
with the research conducted by Novianti and
Setiawan (2018) as well as Suminarti and
Novriani (2017). Novianti and Setiawan (2018)
showed that pruning activities on sweet potato
could improve vegetative growth, whereas
Suminarti and Novriani (2017) indicated that the
treatment of defoliation effects various
components of growth, such as number of
branches, number of leaves, leaf area and total
fresh weight of foliage.

B Twice pruning(P120)

30.00 B Three times pruning (PY0) BFour times pruning (P80)
25.00
2 2000
4 15.00
=
f—f 10,00 ;'
= "
500 "
A
0.00 Ki in i - ta’ ;e [SO
uningan uningan y= eta 2-9- -OP- .
e Beta2 8 BISOP61 73-OP-5 : olopay  Sari
BOnce pruning (P150) 4,75 6.57 16.66 25 02 844 14.79 10,30 7.9
@ Twice pruning(P120) 7.55 9.82 19.50 1967 17.08 15..10 860 4.05
\Three times pruning (P90) .53 12,76 20.25 23.02 10,39 15,27 934 3.50
@Four times pruning (P80) 9.24 8.18 17.47 21.25 16,60 18.52 10.82 3.84
Cultivar

Figure 2. The vine yields of eight sweet potato cultivars as affected by the vines’ pruning

frequency treatments

The parameters of total vines harvested were
analyzed. Highly significant differences (p > 0.01)
were found among the eight experimental
cultivars, meaning that there are differences in
potential or ability to produce vines among these

cultivars. Sari cultivar produced the lowest
amount of vine, in the range of 3.50 ton ha™ to
7.19 ton ha''. Whereas BIS-OP-61 cultivar had the
highest potential to produce fresh vines, which
can reach up to 19.67-25.02 ton ha™.
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Thus, the yield of vines was less likely to be
affected by the frequency of pruning on sweet
potato plants (Figure 2). Similar results had been
reported by Van An et al. (2003). The amount of
storage root yield is still the major factor to be
considered when deciding on how to harvest the
vines of sweet potato for animal feed purposes.
Our research implies that it is better not to harvest
the sweet potato vines during the growth, to
cultivate the sweet potato in successive time so
that the vine harvest can be carried out
continuously based on the desired amount of
animal feed is a better option.

The percentages of reduction in storage root
and starch yield

The decreases in storage root yields due to the
pruning frequency at different ages of plant
growth (P80, P90 and P120) were varied when
compared to one time pruning at 150 DAP (P150)

treatment. The largest storage root yield decrease
were observed at P80, where the vines were
harvested for four times and a crop was beginning
to be pruned at the age of 80 DAP. The decreasing
range of root yields reached 28-58% compared to
the one-time pruning treatment. In the treatment
where the vines were pruned at 90 DAP (P90), a
decrease in root yield of 21.77-46.30% were
observed. Whereas in the treatments where the
pruning were conducted at the age of 120 DAP
the decrease in storage root yield was only in
the range between 3.91-40.28% (Table 2). The
reduced storage root yields due to the vine pruning
during the growth period is very large, although
the values varied among the sweet potato clones.
Variation in root vields decrease among the sweet
potato clones was caused by the level of
photosynthetic translocation efficiency in each
cultivar (Austin and Aung, 1973).

Table 2. The percentage of reduction in storage root yield (%) against to P150 in response to the
frequency of pruning on the eight sweet potato cultivars

No. Clone

Sweet potato type

% reduction of storage root yields ”

P80 P90 P120
1. Kuningan Putih Low dual purpose 46.28 31.10 11.74
2. Beta2 High dual purpose 53.13 30.32 20.86
3.  Kuningan Merah Low dual purpose 5547 4478 25.32
4. BIS OP-61 Low dual purpose 43.70 33.71 40.28
5. 73-0P-5 High dual purpose 43.09 3350 7.81
6. Beta2-9¢-29 High dual purpose 28.15 21.77 22.30
7. BIS-OP-61-OP-22 High root production 34.12 43.76 29.23
8. Sari High root production 58.37 46.30 391

Note: *' Measurements for decreasing of root yields are based on root yields of P150, where at the P150, the vines
are only harvested once at the time of harvest or no pruning during plant growth

Two clones have very small decrease in root
yields, only ranging between 3.91-7.81%, which
were the 73-OP-5 and Sari, when pruned at the
age of 120 DAP. The decrease in storage root
yields in other clones were more than 10% one
particular cultivar (BIS OP-61), however, had a
decrease of 40% (Table 2). A decreased the yield
of storage roots, can be explained by the decline
in photosynthetic translocation to the storage root
due to being diverted for the growfl of vines.
According to Gomes et al. (2005) the frequency of
vine harvests increased the partitioning of
assimilates to vines. Likewise, according to
Laurie et al. (2015) the vines grow above the
ground had a direct effect on storage root growth
below-ground.

The decrease in storage root yields, when
followed by a decrease in starch content in sweet
potatoes, are crucial to know especially when the
sweet potatoes are used as the material for the
manufacture of bioethanol. The measurement
of starch content and its conversion to the
estimation of starch yield are presented in
Figure 3. The starch yield in sweet potato cultivars
which were pruned once was in the range of2.34-
6.67 ton ha'. The pruning of three to four times
during the growth period starting at 80 DAP
reduces the starch yield by more than 50%. The
effect of pruning on the decrease in starch yields
is highly dependent on the cultivar (p < 0.01);
because storage root yields were also highly
variable (p < 0.01).
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Figure 3. The starch yield of eight sweet potato cultivars highly varied at different pruning

frequency treatments

The reduction in the storage root yields and
their yields of starch should be considered in the
cultivation of dual-purpose sweet potato. The
required considerations included whether the
pruning periods and the frequency affect the
nutritional values of the vines as animal feed and
whether the pruning also lowers the starch yields
of the sweet potato. These are important when
considering that the sweet potato cultivation was
intended for the supply of food. feed and fuel
(bioethanaol).

CONCLUSIONS

The time of pruning and their frequency
could reduce the storage root and starch yields,
but only have a little effect to the increase
in vine yields. The percentage of the reduction
in the storage root yield reached 3.91-58.37%,
while the increase of vines yields were
inconsistent. The pruning treatment decreased
the starch yields and the decrease were varied
among the cultivars, trimmed 2-3 times since
the age of 80 DAP can reduce starch yields for
more than 50%.
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