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Abstract. Nafi'ah HH, Hindersah R, Mubarok S, Maulana H, Suganda T, Concibido V, Karuniawan A. 2021. Growth rate and yield
response of several sweet potato clones to reduced inorganic fertilizer and biofertilizer. Biodiversitas 22: 1775-1782. Sweet potato has a
high economic value because it is often utilized for staple food and industrial raw materials. Balanced fertilization, including inorganic
and biofertilizer, is needed to enhance the production of sweet potatoes. Two-year field experiments conducted at two different agro
climates were performed to determine the best response of growth rate and yield of sweet potato to reduced inorganic fertilizer and
biofertilizer application rates. Three sweet potato clones, Mencrang, Biang, and Rancing, were grown with a combination of inorganic
and biological fertilizers in a randomized complete block design of three replications. Results showed that Biang and Rancing have the
best response under reduced inorganic and biofertilizer application rate. The application of biofertilizer enabled the reduction of
inorganic fertilizer use but still resulted in increased growth rate and tuber yield of potatoes in both locations. However, the application
of biofertilizer did not increase the total soluble solids, which is the main indicator of sweetness in sweet potato.
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INTRODUCTION

Sweet potatoes are widely grown in Indonesia because
it has high economic and nutritional values. Sweet potato
contains carbohydrates, minerals, and vitamins (Abubakar
et al. 2018; Shih et al. 2019; Tegeye et al. 2019). Currently,
the demand for sweet potatoes has been increasing for food
consumption and industrial raw materials, especially in
West Java (Maulana et al. 2020). The use of sweet potato
in the food industry has been previously reported (Lareo
and Ferrari 2019; Sawicka et al. 2019). Many of the local
sweet potato varieties typically grown by Indonesian
farmers fail to meet the food industry specifications and
requirements. Rancing, is an example of a commercial
sweet potato variety that is yellow-fleshed with honey
flavor and a sticky jelly appearance after roasting (Anda et
al. 2018). Universitas Padjadjaran (UNPAD), Sumedang,
Indonesia has developed new superior sweet potato clones,
namely Mencrang and Biang (Maulana et al. 2020;
Mustamu et al. 2018). However, yields of these varieties
have decreased in recent years. Thus, new superior
varieties that meet industry and consumer preferences are
needed. However, the yield response to biofertilization and
tuber roasting characteristics have not been evaluated for
these varieties.

The interaction between variety and mineral
fertilization has a significant effect on sweet potato yield.
Previous studies showed that N and K inorganic
fertilization could increase sweet potato yield (Ali 2019;

Kareem et al. 2020). However, inorganic fertilizers added
continuously over a long period can decrease soil quality
(Ojuederie et al. 2019; Sklenicka et al. 2020; Wu et al.
2019). Chandini et al. (2019) stated that inorganic fertilizes
may cause poor development of root system which is very
important for tuber development of sweet potato.
Biofertilizers, such as mycorrhiza and Trichoderma, have
been reported to increase sweet potato yield restore soil
fertility (Novianantya et al. 2017; Mukhongo et al. 2017).

Biofertilizer is a type of fertilizer that enriches the
nutrient quality of the soil. It contains living
microorganisms that when added to the soil increases the
supply of nutrients to the host plant, produce plant growing
regulatory substances, and act as biocontrol agents
(Mahanty et al. 2017). Biofertilizer can increase the
photosynthetic activity in plants for optimal growth even
under abiotic-stress conditions (Mahanty et al. 2017;
Mahmud et al. 2020; Souza et al. 2014). However, the three
types of fertilizers, organic, inorganic and biofertilizer,
must be balanced and adjusted to the needs of the plant.

In order to fulfill the increasing demand for
biofertilizers, UNPAD has developed a liquid consortia
biofertilizer, containing a combination of nitrogen-fixing
bacteria and phosphate-solubilizing bacteria. The impact ot
this biofertilizer on the growth of some important
commodities has been reported (Hindersah et al. 2021;
Fitriati et al. 2020) but their effect on sweet potato growth
and productivity has not been investigated. However,
Sembiring et al. (2017) reported that inoculation of
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phosphate solubilizing bacteria enhanced the yield of sweet
potatoes. The purpose of this study was to evaluate yield
and growth rate response of new superior sweet potato
clones to reduced rates of inorganic fertilizers and
biofertilizers.

MATERIALS AND METHODS

The research was carried out in two locations namely,
Karangpawitan and Cilawu sub-districts in Garut, West
Java, Indonesia. In Karangpawitan, the experiment was
conducted in a farmers' field located at Jatisari, which is a
wetland with a total land area of 1.400 m2. Planting was
done at the end of the rainy season in 2018. The soil is
characterized by a pH of 6.59, low C-organic content, low
N, high P, high K, high cation exchange capacity (CEC)
and a clay soil texture. The average temperature is 23.5,
average rainfall of 86.12 mm, and average humidity of
81.33%. In Cilawu, the experiment was conducted in a
farmer's field located at Margalaksana, which is dryland
with a total area of 1,400 m2. The planting was carried out
at the beginning of the dry season in 2019. The soil is
characterized by a pH 6.27, low C-Organic content, low N,
high P, high K, high CEC, and a dusty clay texture. The
average temperature is 25°C, average rainfall of 65.56 mm,
and average humidity of 78.4%.

The experiment was laid out in a randomized completed
block design with 15 treatments, three replications ina 5 m
x 0.7 m plot with a 20-cm row spacing. Three superior
sweet potato clones were used in this experiment, namely
Rancing (Yellow-fleshed), Mencrang (Orange-fleshed),
and Biang (Purple-fleshed). The biofertilizer used contains
nitrogen-fixating microbes and phosphate solvent microbes
(Azotobacter, Azopsirilum, Acinetobacter, Pseudomonas,
and Penicillium) (Table 1). These microbes developed by
Soil Laboratory, Faculty of Agriculture, Padjadjaran University
(UNPAD), Sumedang, Indonesia and commercialized by
PT Pupuk Kujang Cikampek, Indonesia. Paturohman et al.
(2015) outlined the inorganic fertilizer recommended rates
for sweet potato as 40 - 75 kg N ha, 20 - 50 kg P ha™?, and
75 - 100 kg K ha'. In this experiment, the following rates
were used; 150 kg Urea, 100 kg SP-36, and 150 kg KCI.

Table 1. Inorganic biofertilizer treatments used on three new
superior clones of sweet potato

Code Treatment
R+100%IF (Rancing+ 100% inorganic fertilizers)
R+BF (Rancing+biofertilizer)

R+BF+100%IF (Rancing+biofertilizer+100% inorganic fertilizers)
R+BF+75%IF (Rancing+biofertilizer+75% inorganic fertilizers)
R+BF+50%IF (Rancing+biofertilizer+50% inorganic fertilizers)
B+100%IF (Biang+ 100% inorganic fertilizers)

B+BF (Biang+biofertilizer)

B+BF+100%IF (Biang+biofertilizer+100% inorganic fertilizers)
B+BF+75%IF (Biang+biofertilizer+75% inorganic fertilizers)
B+BF+50%IF (Biang+biofertilizer+50% inorganic fertilizers)
M+100%IF  (Mencrang+100% inorganic fertilizers)

M+BF (Mencrang+biofertilizer)

M+BF+100%IF (Mencrang+biofertilizer+100% inorganic fertilizers)
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M+BF+75%IF (Mencrang+biofertilizer+75% inorganic fertilizers)
M+BF+50%IF (Mencrang+biofertilizer+50% inorganic fertilizers)

The concentration of biofertilizer consortium used was
0.01% and was applied at one and three weeks after
planting (WAP). Inorganic fertilizers were applied twice;
1/3 of Urea and KCI, and the entire biofertilizer dose was
applied at planting; 2/3 parts of Urea and KCI were applied
at four WAP.

Harvesting was done after 18 WAP. Harvesting was
done by digging up the soil until the tuber was visible, then
the tuber plucked from the base of the stem and measured
according to the observation guide.

Analysis of growth rate

Leaf Area Index (LAI), Crop Growth Rate (CGR), and
Net Assimilation Rate (NAR) were measured by taking
samples three separate times, i.e., when plants were at 30,
50, and 70 days after planting (DAP). Leaf area was
measured manually using the gravimetric method, with the
following formula:

Weight of duplicate leaf (g)
Leaf Area = - :
Weight of standard papers (g)

X Area of standard papers (cm?)

The formula used to calculate LAl is as follows :

Leaf Area (m?)
Ground Area (m?)

Leaf Area Index =

The CGR formula is as follows :
W, — W,
Crop Growth Rate = ———

t, — 1t

Where: W, = Dry weight of sample 2, W, = Dry weight
of sample 1, t, = time 2, t; = time 1.
NAR formula is as follows:

Wz - W]_ lnL2 - lnLl
T~ 1 L =Ly

Net Assimilation Ratio =

Where: W, = Dry weight of sample 2, W, = Dry weight
of sample 1, t, = time 2, t; = time 1, L, = leaf area of
sample 2, L; = leaf area of sampel 1.

Analysis of plant yield

The number of tubers per plant and the weight of tubers
per plant were observed by taking a sample of tubers on
five separate plants. The weight of tubers per plot is
observed by weighing the total yield per plot. The tuber
length and diameter were observed by measuring the
average length and diameter of 5 tuber samples per plot.

Analysis of Total Soluble Solid (TSS)

TSS was carried out seven days after harvest. TSS
measurement aims to determine the sweetness levels of
fresh and baked sweet potato samples. The tool used was a
handheld refractometer - atc 0-50% Brix. The TSS
measurement for fresh sweet potato was carried out by
taking a sample with a size of 1 cm?, crushed using a
mortar and pestle, juice extracted and smeared on a
refractometer glass. Measurement of TSS of baked sweet
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potatoes was carried out by taking a 1 cm® sample, crushed
with a spoon and added with a little water on a plastic dish.
The juice was then extracted, and a drop applied on a
refractometer glass. The scale was observed at the bottom
of the lamp. The results were obtained in ° Brix units.

Statistical data analysis

Data were analyzed used one-way ANOVA in a
randomized completed block design. The effect of
treatment was tested by the F test at a 5% level. The effect's
average value used a further test with Duncan's Multiple
Range Test level 1%. Data analysis was performed with
DSAASTAT Software ver. 1,101.

RESULTS AND DISCUSSION

The best Leaf Area Index (LAI) for LAI 50 and LAI 70
DAP in Karangpawitan was observed in B+BF treatment
(Figure 1.A). The best LAI in Cilawu with the highest
value was observed in M+BF+75% IF treatment (Figure
1.B). There was an increase in the Crop Growth Rate
(CGR) and Net Assimilation Rate (NAR) on sweet potatoes
across two test locations.

The treatments with the best CGR in 30-50 DAP and
50-70 DAP, in Karangpawitan were R+BF+75%lIF,
M+100%IF, M+BF+75%IF, and B+BF, respectively
(Figure 2.A). By contrast, the best CGR in Cilawu was
observed in treatment M+BF+100%IF (Figure 2.B). The
best NAR in Karangpawitan were observed in treatments
R+100%IF, R+BF+100%IF, R+BF+75%IF, M+100%IF,
M+BF, M+BF+75%IF, BB+BF, B+BF+100%IF, and
B+BF+75%IF (Figure 3.A). While in Cilawu, the best
NAR was observed in treatment R+BF+50%IF (Figure
3.B).
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Weight of tuber (Table 2), size of tuber (Table 3), and
total soluble solids (Table 4) across two different locations
showed differential responses due to a combination of
biofertilizer and inorganic fertilizer application. Positive
responses were observed on yield and yield components on
Rancing and Biang clones in both locations to inorganic
fertilizer reduction of up to 75% with the addition of
biological fertilizers.

The growth rate and yield of the three sweet potato
clones in both locations showed the best results on the
combination of biofertilizers with 75% to 100% inorganic
fertilizers. Biang clones (Figure 4) showed a very high
growth rate even with the provision of biological fertilizers
alone. However, for tuber yield, provision of inorganic
fertilizers was still needed but can be reduced to 75% of the
recommended dose. Mencrang clones (Figure 5) without
additional inorganic fertilizers showed smaller tuber
formations compared to the combination of biological
fertilizers and inorganic fertilizers. Clone Rancing (Figure
6) with a combination of biological fertilizers and 100%
inorganic fertilizer showed the best tuber yields.

Discussion
Growth rate of new superior clones of sweet potato

The growth response rate at each location was different
from each treatment. Land type and rainfall can be a
determining factor for the success of biological fertilizers'
performance in reducing the use of inorganic fertilizers in
the field. Land conditions in Karangpawitan tend to be wet,
and sweet potatoes were planted during the rainy season.
Biological fertilizers can significantly reduce inorganic
fertilizers by up to 50% in Biang and 75% in Mencrang.
Cilawu is dry land, and sweet potatoes were planted at the
beginning of the dry season so that the soil conditions did
not support the development of bio-fertilizers under this
condition. Biofertilizer must still be balanced with 100%
inorganic fertilizers.

Table 2. Number of tubers per plant, weight of tuber per plant, yield of tuber of three clones of sweet potato due to the application of a
combination of biofertilizer and inorganic fertilizer in two different locations

Karangpawitan Cilawu
Code Number of tubers  Weight of tuber Yield of Number of Weight of Yield of

per plant per plant (g) tuber (kg)  tuber per plant  tuber per plant (g) tuber (kg)
R+100%IF 6.78 a 691.39 ¢ 20.74 b 5.67 ¢ 377.00 c¢ 6.52 a
R+BF 3.06 a 162.11 a 486 a 260 a 232.00 b 599 a
R+BF+100%IF 511 a 89833 ¢ 2695 b 227 a 164.67 a 397 a
R+BF+75%IF 467 a 65250 ¢ 1958 b 363 b 11750 a 3.02 a
R+BF+50%IF 422 a 520.83 ¢ 1563 b 242 a 70.00 a 271 a
B+100%IF 456 a 616.11 c 18.48 b 198 a 59.56 a 137 a
B+BF 411 a 666.94 ¢ 20.01 b 315 a 42100 c 732 a
B+BF+100%IF 6.00 a 41422 b 1243 a 507 c¢ 23833 b 9.03 a
B+BF+75%IF 6.17 a 738.89 ¢ 2217 b 6.00 c 30400 c 6.02 a
B+BF+50%IF 461 a 779.72 ¢ 2339 b 500 c 25867 b 870 a
M+100%IF 522 a 430.28 b 1291 a 7.00 c 31867 ¢ 6.33 a
M+BF 461 a 296.94 b 891 a 387 b 24467 b 6.14 a
M+BF+100%IF 383 a 15350 a 461 a 387 b 246.00 b 6.55 a
M+BF+75%IF 361 a 159.72 a 479 a 387 b 32133 ¢ 7.26 a
M+BF+50%IF 6.44 a 33098 b 993 a 380 b 22533 b 557 a

Note: Means followed by the same letter are not significantly different according to the Scott Knott test at 5%
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Table 3. Tuber size of three clones of sweet potato due to the application of a combination of biofertilizer and inorganic fertilizer in two

different locations

Code Karangpawitan Cilawu
Length of tuber (cm) Diameter of tuber (cm) Length of tuber (cm) Diameter of tuber (cm)
R+100%IF 2499 b 468 a 1853 b 510 d
R+BF 2493 b 503 a 1833 b 499 d
R+BF+100%IF 2182 a 406 a 1566 a 343 a
R+BF+75%IF 2522 Db 512 a 1442 a 3.09 a
R+BF+50%IF 2458 b 467 a 16.20 a 319 a
B+100%IF 16.54 a 3.03 a 1556 a 320 a
B+BF 2762 b 591 a 1540 a 369 b
B+BF+100%IF 20.78 a 402 a 1833 b 440 c
B+BF+75%IF 26.73 b 559 a 2020 b 513 d
B+BF+50%IF 2262 a 432 a 1827 b 425 b
M+100%IF 21.07 a 3.68 a 1880 b 486 d
M+BF 24.08 b 5.67 a 19.02 b 486 d
M+BF+100%IF 25.07 b 569 a 17.60 b 487 d
M+BF+75%IF 1994 a 558 a 18.00 b 470 d
M+BF+50%IF 2497 b 479 a 1787 b 443 ¢

Note: Means followed by the same letter are not significantly different according to the Scott Knott test at 5%

Table 4. Total soluble solid (fresh) and total soluble solid (oven) of three clones of sweet potato due to the application of a combination

of biofertilizer and inorganic fertilizer in two different locations

Code Karangpawitan Cilawu
Total soluble solid fresh ~ Total soluble solid oven  Total soluble solid fresh ~ Total soluble solid oven
R+100%IF 11.00 b 13.00 b 10.00 a 8.50 b
R+BF 10.33 a 10.33 a 12.00 b 9.67 b
R+BF+100%IF 12.00 b 14.67 c 12.33 b 11.33 c
R+BF+75%IF 9.67 a 12.00 b 12.67 b 6.83 a
R+BF+50%IF 11.67 b 13.33 b 12.17 b 9.00 b
B+100%IF 9.33 a 10.67 a 15.33 c 10.33 b
B+BF 10.67 a 12.33 b 14.17 c 6.00 a
B+BF+100%IF 11.67 b 12.00 b 15.33 c 8.40 b
B+BF+75%IF 10.67 a 9.67 a 14.50 c 11.67 c
B+BF+50%IF 9.67 a 10.00 a 13.67 c 9.00 b
M+100%IF 12.00 b 12.00 a 15.33 c 9.33 b
M+BF 11.33 b 11.00 a 13.00 c 13.33 c
M+BF+100%IF 13.67 c 13.00 b 9.33 a 8.00 b
M+BF+75%IF 13.00 c 12.33 b 14.33 c 9.67 b
M+BF+50%IF 12.00 b 13.67 c 13.67 c 14.00 c

Note: Means followed by the same letter are not significantly different according to the Scott Knott test at 5%.

According to (Marques et al. 2019), biological
fertilizers' effect was not always expected, and genotypic
responses and environmental factors have a stronger
influence on yield. The positive responses from the clones
to the provision of biofertilizers could be due to the
interaction between roots and microbes that could have
increased plant growth and yield and improved soil fertility
(Byju and Ravindran 2009; Liu et al. 2019). In this
experiment, biofertilizer can reduce the application of
inorganic fertilizers by up to 50% depending on the
genotype. Rancing and Biang clones tended to give a more
favorable response compared to Mencrang.

Yield of new superior clones of sweet potato

A long tuber with a small to medium diameter is
usually preferred for baked sweet potatoes. The longest
tubers in both locations were observed on treatment
BF+50% IF for both Rancing and Biang. By contrast, it
was observed in Mencrang on treatment BF+75%IF. The
effect of treatment BF+75%IF on sweet potato clones
appeared to be significant increases in tuber weight and
length. However, in Karangpawitan location, the diameter
of tubers did not respond at all to fertilization. There was
favorable response on tuber diameter at Cilawu location on
treatment BF+50%IF as observed on both Rancing and
Biang clones.
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Figure 1. Leaf area index of three clones of sweet potato as a result of the application of combination of biofertilizer and inorganic
fertilizer in Karangpawitan (A), and Cilawu (B), West Java, Indonesia
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Figure 2. The crop growth rate of three clones of sweet potato due to the application of a combination of biofertilizer and inorganic
fertilizer in Karangpawitan (A), and Cilawu (B), West Java, Indonesia
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Figure 3. The net assimilation ratio of three clones of sweet potato due to a result of the application of biofertilizer and inorganic

fertilizer in Karangpawitan (A), and Cilawu (B), West Java, Indonesia
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Figure 6. The formation of sweet potato tubers from the Rancing clone. a. R + BF. b. R + BF + 75% IF. c. R + BF + 100% IF

Biofertilizers can improve the growth and yield of
sweet potato (Abdel-Razzak et al. 2013; Sakha et al. 2019)
by enhancing photosynthesis and nutrient uptake (Gao et
al. 2020; Mpanga et al. 2018; Radziah and Saad 2009).
Biofertilizers can also protect against some soilborne
diseases (Singh et al. 2020). The application of
biofertilizers in this study can improve the growth rate and
yield of sweet potatoes.

Sweet potatoes have been reported to respond favorably
to the combined application of biofertilizer and inorganic
fertilizer. Reddy et al. (2018) observed that the yield was
influenced by tuber weight and diameter, and the number
of leaves per plant. Several researchers reported that
biofertilizer application combined with the maximum level
of inorganic fertilizer gave the maximum sweet potato
yield (Al-Zabee and AL-Maliki 2019; Pérez-pazos and
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Sanchez-10pez 2018; Valpato et al. 2020). Others claim that
biofertilizers combined with N and K fertilizers can
improve biomass and yield (Mukhongo et al. 2017). It can
also be applied as a phosphate solvent to P fertilizer up to
25% (Susan John et al. 2020).

Biofertilizer ability to reduce inorganic fertilizers

Biofertilizers are needed for soil fertility. There was a
significant increase in N and P absorption in plants planted
in soils applied with biofertilizers (Dekhane et al. 2011).
Even with a reduction in inorganic fertilizers due to
biological fertilizers, it still improves yields and soil
fertility. However, in sweet potato, inorganic fertilizers
could not be eliminated and replaced with biofertilizers.
The balanced use of fertilizers can improve soil fertility
and crop production (Akbari et al. 2011; Meshram et al.
2019). Inorganic fertilizers are still needed in combination
with biofertilizers to increase soil fertility and crop yields.

The longer contact period between the roots and
biofertilizers can be associated with a balanced supply of
nutrients resulting in higher water absorption and nutrients
by sweet potato plants (Oliveira et al. 2010). Biofertilizer
can replace half or the full dose of inorganic fertilizer
required, depending on microbial strains and growing
environments (Ouyabe et al. 2020; Yasmin et al. 2020).
Reduction of inorganic fertilizers by biofertilizers still can
result in high yield of sweet potato (Pérez-pazos and
Sanchez-l6pez 2018), without disturbing the environmental
balance (Asoegwu et al. 2020; Kour et al. 2020). TSS was
not directly affected by the fertilizer and biofertilizer
consortium (Senthilkumar et al. 2014). Biofertilizer can
reduce the application of inorganic fertilizers in sweet
potatoes as shown in this study. However, the value of
TSS, an indicator of sweet potato sweetness level, was not
influenced by any of the treatments used in this study.

In conclusion, biofertilizers can be recommended to
farmers as potential replacements to inorganic fertilizers or
complementary fertilizers to increase sweet potato
production. Rancing and Biang showed better responses to
a combination of inorganic and biofertilizer.
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