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Abstract

B (borga)J*This research was to investigate the effect of P and application of B their response on growth, yield and
quality*5t soybean seeds. This research was conducted at fieldland and the Laboratory of Seeds and Plant Breeding,
Faculty of Agriculture, University of Lampung from November 2016 to April 2017. This treatment was arranged
in a 6 x 2 fagggyial consisting of six doses of P,Os (0; 50; 100; 150; 200; 250 kg/ha) and two concentration of B (0
and 5 ppm).®this study was designed in Randomized Complete Block Design (RCBD) with three blocks.
Homogeneity of variance was tested by Barlett’s test and non-aditivity model usin key’s test and continued
by orthogonal polynomials at o 0.05. The results showed that applying P to dose 250®g/ha increase thgssrowth,
yield and quality of soybean seeds in all variables. Whereas the applications 5 ppm of Boron increase@iowth,
yield and quality of soybgsg plant seeds higher than without Boron on avariable number of unfalllge€ dry weight
of plant, 100 grain Weighgrmination, dry weight of normal seedling, and vigor index. Response o¥*growth, yield
and quality of soybean seeds to increased doses of P did not depend on the granting of B.

The iw of growth®ield and quality of soybean seeds are expected to occur by applyingP (phosphorus) and

Keywords: boron, phosphorus, soybean
1. Introduction

Soybean (Glycinemax [L.] Merrill) has been put as the the first place of high quality vegetable protein source in
the world. It is widely spread and grew well in any regions such as United States, Brazil, China, Mexico, and
Indonesia. Soybean is the third strategic commodity in Indonesia after paddy and maize, because the average
consumption level reached 8.73 kg/capita/year (CBS, 2017).

Accordingghulita et al. (2016), the high demand of soybean must be supported by high soybean productivity, one
of the waﬂ increase growth, yield and quality of soybean plant seeds is by improving the fertilizer. Phosporus
fertilizer can activate enzyme that has played role in photosynthesis in plant. In the stage, this process will
improve photosynthate accumulation resulted including one that is stored in seeds (Permadi & Haryati, 2015).
According to Sihaloho et al. (2012), phosphorus fertilization can accelerate flowering and ripening of fruits,
seeds or grains.

In addition to macro nutrients such as phosphorus, micro-nutrients are also essential nutrients for plants

(Sudaryono, 2Qé). According to Rio Tinto (2012), one of micro elements, which are crucial for plants, is boron

because boron"plays a role in carbohydrate metabolism, role in the producing grain, strengthens cell wall

structure, and stimulates specific metabolic pathways, increasing the transport of carbohydrates and increasing

the enzyme activity. Agustina (2011) said levels of boron in plants averaged 20.0 ppm while the availability of
é(l)]ron content is generally only about 5% of the total content in the soil ranging between 7-80 ppm.

is study was to determine the effect of phosphorus fertilization and application of boron through the leave@n
‘%rowth, yield and quality of soybean seeds.

aterial and Methods

This study was conducted at the Integrated Field Laboratory and Laboratory of Seeds and Plant Breeding, Faculty
of Agriculture, University of Lampung from November 2016 to April 2017.
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2.1 Implementation Research

Preparation of Media for Planting: The kind of soil that used is ground Ultisol. Soil is put into polybags and
weighed approximately 8 kg of each. 72 polybags are used. There were 12 polybags which have been filled the
Ultisol soil per group.

Planting: Soybeans seeds were grown in polybags filled by planting media. Planting done by immersing the seed
into polybags containing media for planting to a depth of 3 cm. The seeds were planted as much as 5 grains of seed
in each polybag. It was aimed to get the plant which has the best growth rate and to prevent failure to grow of a
seed planted. One week after planting, selection of similar plant growth was conducted by selecting 3 similar
growth plants and those plants were put into one polybag.

0.43 g TSEE kg of soil equivalent to 50 kg/ha of P,Os; 0.87 g TSI kggiisoil was equivalent to 100 kg/ha of P,Os;
1.30 g TSP kg of sojgmwas equivalent to 150 kg/ha of P,Os; 1.74 g TSP kg of soil was equivalent to 200 kg/ha of
P,0s; and 2.17 g TSP kg of soil was equivalent to 250 kg/ha of P,Os; fertilizer was applied 2 WBP (Weeks
Before Planting). Urea fertilizer and Kcl respectively as much as 0.4 g/8 kg is equivalent to 100 kg/ha was applied
to 2 PM WAP (Weeks After Planting).

Application of Boron: Spraying boron was done since the plant was 21 Days AftgwPlanting (DAP). Boron was
applied 4 times, respectively by age 28, 35, 42, and 49 Weeks After Planting (WA ith a concentration of 0 ppm
and 5 ppm is equivalent to 0 g and 0.028 g. The need of Boron was adjusted by spray volume used at each time of
application. Dissolved Boron was sprayed onto the entire surface of the bottom leaf using a hand sprayer.
Applications of dissolved Boron was done in the morning to avoid evaporation by the sunlight.

F ertilizatB Phosphorus application was given with interval 0 gl SP/8%g of soil equivalent to 0 kg/ha of P,Os;

Harvest: Harvesting was done when the plant was 88 days old. At this age the pods have reached physiological
ripening. Harvesting was done by removing the soybeans from polybags. Trimmed crops were collected and
dried to a moisture content of about 13%. It aimed to facilitate the threshing of seeds.

é2 Plant Growth

lant Height (cm): Plant height was measured from the base of the stem to growth point at the end of the vegetative
wth of soybean plants. Measurements were performed in centimeters by using meter when plants was 7 WAP
ecks After Planting).

Number of Leaf Fall: Number of leaves fall was determined by counting the leaf fall, the leaf yellowing and was
about to fall when the trees reached 7 WAP (Weeks After Planting).

Number of Leaf Unfall: Number of leaf unfall was determined by counting the leaves unfall or still attached to
soybean plants. Observations were made when plants are aged 7 WAP (Weeks After Planting).

Dry Weight of Plant (g): Dry weight was obtained by weighing dried plant soybeans during early phase of pods
charging. The drying was done using the oven with temperature 70 °C during 3 x 24 hours. The measurement was
in gram.

2.3 Plant Yield

Total Number of Pods: Observations were made a%ime of the harvest by calculating the total number of
unfilled and filled. Calculations was carried out in unitS®f pods per plant.

Number of Filled Pods: Observations were made at harvest time by counting a totat®f pods per plant. Total count
of filled pods were then separated from the unfilled pods. Calculations were carried out in units of pods.

100-Grain Weight: Observations were carried out by counting the seeds using a seed counters to 100 grains,
weight was measured in 12% moisture content in units of gram.

é4 Quality of Seeds
ermination Test: The method used for germination test was Qed on ISTA (2010) namely rolled paper test by
using plastic. Soybean seeds (25 grains) from each treatment®vere put on two layersgs moist CD paper then
covered with two layers of it (Fitriesa et al., 2017). It was rolled in moist condition ther®placed in germinator of
IPB type 71-2A with room temperature (26:£0.4 °C). First count observation awas conducted on the 5th day after
planting and second count observation was done after the 7th day.

Y. (Nomal seedling count I + Normal seedling count IT)
Y. Seeds planted

GP (%) = x 100% )
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Qrfy Weight of Normal Seedling: The five samples of normal seedlingwere put in envelopes then put in oven
temperature 70 °C for 2 x 24 h, then meas§d in weight using electrical balance.

Vigor Index: Index of vigor was measure
(Copeland & McDonald, 2001),

ased on the number of normal seedling on first count with formulas

> Normal seedling first count

AT
VI ( A)) Y. Seeds planted

x 100% @
2.5 Experimental Design

This study was arranged factorially (6 x 2®h randomized complete block design (RCBD). Factor “A” were two
concentrations of B (0 and 5 ppm). The factor “B” were six doses of P,Os (0; 50; 100; 150; 200; 250 kg/ha). Each
éeatment was repeated 3 times.

omogeneity of variance was tested by Barlett’s test and non-additivity for linear additive model was tested by
Tukey’s test and continued by orthogonal polynomials at a. 0.05. The grouping was based on the planting day with
intervals of 2 days.

. Results and Discussion
3.1 Responses of Plant Growth

The observatiggeen soybean growth components include@ant height, number of leaf fall, number of leaf unfall,
and dry weight™'he results showed that the response of soybean growth to increased of doses P did not depend on
the application of B as shown by all variables of growth (Table 1).

Table 1. Recapitulation of the effect an increase in the dose of P and the addition of B on soybean growth

Variable
Comparation
PH LF LUF PW
% difference
Boron (B)
P1: By vs By Ns -11.79 * 5.96 * 8.47 *
Po (Phosphorus)
P2: Po-Linear * * * *
P3: Po-Quadratic Ns ns * ns
Interaction Ns ns ns ns
P7: P1xP2 Ns ns ns ns
P8: P1xP3 Ns ns ns ns

Note. By=0ppm B, B; =5 ppm B, PH = plant height, LF = number of leaf fall, LUF = number of leaves unfall, PW
= dry weight of plant, * = significantly different at o 0.05, ns = not significant.

Plant Height (cm)ﬂhe results showed that application of P,O5 with dose to 250 kg/ha improved soybean plant
height. At the dose of P,Os 50 kg/ha, soybean plant height reached 43.59 cm and increased 3.8 cm for every
additional 50 kg of P,Os (Figure 1). Application B with a concentration of 5 ppm produced plants with height
which was gmt different from without B (Table 1). The results are in paralel with Jayasumarta (2012) which stated
that the rea™€tfect of different levels of fertilizer P on soybean plant height variables.
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Figure 1. Response curve of the increasing dose of phosphorus on plant height

Number of Leaf Fall (Leaf): Increased dose of P was able to reduce the number of leaf fall on soybean plants®At
the dose of 100 kg/ha of P,Os, the number of leaf fallwas 5 and reduced 1 leaf every additional 100 kg of P,Os
(Figure 2). Soybean plants applied with 5 ppm B produced the number of leaf fall at 11.79% lower than those
without B (Tablegh. This is because the function P is also related to the hardness of the plant leaf so that the leaves
do not easily fall™This is in line with research Razaq et al. (2017) which states that the leaf is lack of P had lower
chlorophyll content, and easy to fall.
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Figure 2. Response curve of the increasing dose of phosphorus on number of leaf fall

Number of Leaf Unfall (Leaf): Fertilization of P,Os with doseto 250 kg/ha was still increasing the number of the

af unfall from soybean plants. Nevertheless, the number of maximum unfall leaf was reached at the dose of P,Os

3 kg/ha with the number of leaf as many as 59 leaf (Figure 3). Musa (2010) also states that P fertilization of 100
kg/ha had the highest number of leaves compared to those with no fertilizer on Kenaf plant. Application of 5 ppm
B increased the number of leaf unfall 5.96% higher than that those without B (Table 1). Rio Tinto (2012) stated
boron deficiency resulted in many changes in the anatomy of biochemistry and physiology of plants. Some
functions boron is also associated with macro nutrients such as phosphorus, boron additions indirectly help P in
cell development, strengthen the structure of cell walls and membranes so fewer leaves fall and leaves that persist
on the plant for more.
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Figure 3. Response curve of the increasing dose of phosphorus on number of leaf unfall

Dry Weighat of Plant (g)®ertilization of P,Os with dose to 250 kg/ha could increase dry weight of plant. At the
dose of ™g/ha, the d eight resulted was 29.51 g and increase 0.076 g for every additional 1 kg of P,Os
(Figure 4). Applicatioﬂlwith ac ntration of 5 ppm increase weight of plant 8.47% higher than those
without B (Table 1). Fertilization (;w is needed in large amounts by plants for division and cell enlargement in
meristem tissue, the meristem will generate new cells at the tip of the root or stem that resulted in increased
plant height or lengthi®he increase in plant height and number of leaf affects the light received by the plant so that
it can improve the performance of photosynthgais and produce many photosynthate in forms of starch, lipids, and
proteins. Photosynthate are translocated insid€®ne plant so that it increases dry weight of the plant (Ndakidemi &
Dakora, 2007).

60.00 -
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Figure 4. Response curve of the increasing dose of phosphorus on dry weight of plant

3.2 Response of Plant Yield

The observation gasoybean yield components included total number of pods,;®iumber of filled pods, and a 100
grain weight sum™™ he results showed that the response of soybean yield to increased dose of P did not depend on
the addition of B as shown by all variables of yield (Table 2).
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Table 2. Recapitulation of the increase in the dose of P and the addition of B on the soybean yield

Variable

Comparison

TP FP 100G

% difference

Boron (B)
P1: By Vs Bl ns ns 6.41 *
Po (Phosphorus)
P2: Po-Linear * * *
P3: Po-Quadratic ns ns Ns
Interaction ns ns Ns
P7: P1xP2 ns ns Ns
P8: P1xP3 ns ns Ns

Note. By = 0 ppm B, B, =5 ppm B, TP = total number of pods, FP = number of filled pods, 100G = 100 grain
weight, * = significantly at o 0.05, ns = not significant.

tal Number of Pods: The results showed that®Crtilization of P,Os with dose to 250 kg/ha increased the total

mber of pods. At the dose of 50 kg/ha, the total number gépods pods produced reached 53 pods and increased by
26 pods each additional 50 kg of P,Os (Figure 5). The tota®™fumber of pods of soybean plants with the application
of 5 ppm B was not different from those without B (Table 2). This is in paralel wasgh research Morshed et al. (2008)
who stated that the application of phosphorus to a dose of 125 kg/ha produced®he hiﬁst soybean growth and
yield compared to the treatments without fertilizer. This is consistent with research Fan al. (2010) that the role
of phosphorus in the growth of stems and leaf resulted in the number of flowers, better fruit forming to increase
yield.

200.00 A
160.00 - *

120.00 +

2

Total number of pods

80.00
y = 0.5304x + 27.044
40.00 r=0.98*
0.00 T T T T )
0 50 100 150 200 250

Dose of P,0; (kg/ha)

Figure 5. Response curve of the increasing dose of phosphorus on totai®iumber of pods

Number of Filled Pods: The results showed thatertilization of P,Os with dose to 250 kg/ha produced filled pods to
163.38. At the dose of 50 kg/ha, filled pods produced reached 49 and increased 26 pods for each additional 50 kg
of P,Os (Figure 6). Application of 5 ppm B produced a number of filled pods which was not different than those
without B (Table 2). Begum et al. (2015) said that the number of pods reached the highest with dose of P 54 kg/ha
as 54.49%, higher than other treatments, and the lowest number of pods at a dose of P 0 kg/ha.

377



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 6; 2018

200.00 -
. 160.00 - *
=
(=3
=
T 120.00 -
g
s
= 80.00 *
2 y =0.5296x + 22.839
Z 4000 - r= 098
0.00 . ; ; ; .
0 50 100 150 200 250

Dose of P,05 (kg/ha)

Figure 6. Response curve of the increasing dose of phosphorus on number o¥tilled pods

100-Grain Weight (g): Fertilization of P,Os with dose of 0 kg/ha, weight of 100 grain produced was 11.27 g and
increased as 0.005 g of every additional 1 kg of P,Os (Figure 7). This is in paralel with research of Thoyyibah et al.
(2014) who stated that application of various doses of phosphate fertilizers in two soybean varieties had significant
effect on grain weight per plant, Detam-1 variety which was cultivated 200 kg/ha of phosphate fertilizers produced
the highest weight 42.02 g, equivalent to 3.5 ton/ha and had great significance with other combinations. Soybean
plants with thegmoplication of 5 ppm B increased weight 100 grain 6.41% higher than those without B (Table 2).
The research ofSellaloui et da(2013) indicated that the application of B through the leaves could increase the seed
weight (100 grain weight) o*76.1 g higher than those without B of 13.2 g of soybean on treatment given water.
This is in line with Rio Tinto (2012) stated that the addition of boron in plants could increase the success of flower
pollination and had a role in seed formation, and application of boron on soybean plant increased the weight of 100
grain.

15.00 -
=
o=
g 9.00
i
g
5 6.00 - y=0.0052x + 11.271
= r=0.99%
—
3.00
0.00 T T i ' :
0 50 100 150 200 250

Dose of P,0; (kg/ha)

Figure 7. Response curve of the increasing dose of phosphorus on 100 grain weight

Qualio@ Soybean Seeds: Th servation of soybean seeds components include@ermination, dry weight of
normal seedling and vigor index™® he results showed that the response of soybean seeds to increased dose of P did
not depend on the addition of B or vice versa as shown by all variables of soybean seeds (Table 3).
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Table 3. Recapitulation of the increase in the dose of P and the addition of B on the soybean yield

Variable

Comparison

G DWNS \%!

% difference

Boron (B)
P1: By Vs Bl 20.12* 21.26* 16.62*
Po (Phosphorus)
P2: Po-Linear * * *
P3: Po-Quadratic * * *
Interaction Ns ns ns
P7: P1xP2 Ns ns ns
P8: P1xP3 Ns ns ns

Note. By=0 ppm B, B, = 5 ppm B, G = germination, DWNS = dry weightof normal seedling, VI = vigor index, "=
significantly at a 0.05, ns = not significant.

Germination (%):®¥ertilization of P,0s with dose to 250 kg/ha increased the germination, but maximum
germination was reached at the dose of P,O5 226 kg/ha as 84.9784 (Figure 8). Application of 5 ppm B increased the
germination 20.12% higher than those without B (Table 3)™¥he results of Rosliani et al. (2012) stated that
application of boron 1-4 kg/ha d increase germination and growth potential maximum onion seed. The
research result of Supriyanto et al. ¥2012) also showed that boron could increase the percentage of germination of
sandalwood 19.32% compared with the control (0 ppm boron). In additional 400 ppm giving a begaeffect on vigor
(growing speed) of sandalwood compared with control. Rio Tinto (2012) stated the need for B waS¥huch highe
reproductive growth than vegetative growth in most plant species, boron increased the production and retentiof*of
flowers, lengthening of pollen tubes, germination, and development of seeds and fruits.

100.00 +
80.00 -

60.00

40.00 -
y =-0.0005x>+ 0.2129x + 60.863

Rz=0.97*

Germination (%)

20.00 -

0.00

0 50 100 150 200 250
Dose of P,05 (kg/ha)

Figure 8. Response curve of the increasing dose of phosphorus on germination

ery Weight of Normal Seedling (g)ﬂertilization of P,Os with dose to 250 kg/ha increased thﬂg'y weight of
normal seedling, but maximum dry weight of normal seedling was achie/g at the dose of P,Os 169 kg/ha as 1.99
g (Figure 9). Application of 5 ppm B increased the germination 21.26%®figher than those without B (Table 3).
Lesilolo 2) stated that the level of the grant of a phosphate (P1) had a value of percentage of germinated, vigor

index and®he dry weight of normal seedling lower than compared with the percentage value of the other four
treatments (P2, P3, P4, P5).
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Figure 9. Response curve of the increasing dose of phosphorus on dry weight of normal seedling.

Vigor Index.nertilization of P,Os with dose to 250 kg/ha increased the vigor index, but maximum vigor index was
reached at the dose of P,Os 198 kg/ha as 36.38 % (Figure 10). Application of 5 pp increased the germination
16.62% higher than those without B (Table 3). According to Perdana et al. (2014), th®dry weight of seedling could
determine the quality of the seed, if it had a large dry weight of seedling, it indicateﬁat the seed had good quality.
The height of the weight of the seed depended on the of the dry matter contained if®he seed, the shape of the seed
and the size of the seed.

Fageria (2009) stated low boron content in the plant would lead to decreased synthesis of cytokinin hormone (a
hormone that works in germination) because in additional 400 ppm giving a best effect gavigor (growing speed)
of sandalwood compared with control because boron is an essential ingredient needed iﬂe germination process
of pollen grains and pollen tubes and it is indispensable for seeds to increase seed germination and vigor.

50.00 -
40.00
S
Z 30.00
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S 20.00 -
= y =-0.0003x2+ 0.1233x + 31.619
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Figure 10. Response curve of the increasing dose of phosphorus on vigor index

&onclusions

Fertilization of P with dose to 250 kg/ha was able to ease growth, yield and quality of soybean seeds on
variable plant height, number of leaf unfall, dry weight c’)ﬁant, total number of pods, numbepf filled pods, 100
grain weight, germination, dry weight of normal seedling. Application of 5 ppm B increased®growth, yield and
quality of s an seed higher than those without B at a variable number of leaf ughgll, dry weightof plant, 100
grain weighti®ermination, dry weight of normal seedling and vigor index. Respons€®g€rowth, yield and quality of
soybean seeds to increased dose of P did not depend on the application of B shown by all the variables of growth,
yield and quality of soybean seeds.
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