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Abstract

As nitrogen (N) has played an important role in cocoa production, both
providing the N-sources alternative materials, and increasing the efficiency of
fertilization are urgently required to support both crop and land productivity.
This research aimed to investigate the N uptake of cocoa seedlings as results of
combination of liquid organic fertilizer (LOF) and urea applications. To support
the understanding in terms of N dynamics, SPAD (Soil Plant Analysis Develop-
ment) chlorophyll content, N use efficiency (NUE) and recovery of applied nitrogen
(REN) were determined with additional information related to the optimal dosage
of urea applied to cocoa seedlings. Greenhouse experiment, using ICCRI 08 cocoa
seedling, was carried out in Kaliwining Experimental Station, Indonesian Coffee
and Cocoa Research Institute, Jember, East Java. The LOF used for this experiment
was made from about one month fermentation of cocoa pod waste in a 200 L plastic
tank with additional biodecomposer to improve the biodegradation of organic
materials. The experiment was designed by a completely randomized design (CRD),
and taking into account two factors, i.e. the level of LOH concentrations and
urea applications, as treatments of which their effect was determined through
regular growth observations and laboratory determinations. The variation of LOF
concentration levels were 0%, 0.25%, 0.50%, and 1%. Additionally, the rates of
urea applications include control, 10%, 25%, and 50% of fertilizer recommendation
dosages. SPAD readings indicate the significant effect of urea and its combina-
tion with LOF to the increase in the chlorophyll content by 10-20% in compare to
control. The total N uptake of cocoa tended to decrease with the increase in
concentration of LOF. With an average increase of about 28% compared to control,
statistical analysis suggested the insignificant different effect of treatments. The effect
LOF to the increase of NUE, ranging from 0.50 to 0.80, in combination with
specific level of urea. With 50% of urea recommendation dosage, the increase in
NUE was above 40% up to 55% compared to non-LOF applied treatments. REN
data interpretation indicates the higher values for treatments with lower level of
urea applications. With the increase in urea rates, the REN value was decreasing
implying the contribution from the input of N. In this level, the REN was down to
below 50% showing the lower amount of N required in compared to N inputs.
Relating the dosage of urea to N uptake showed an asymptotic type of curves
which indicated the optimal rate of urea ranging from 0.5 to 1 g urea per pot. The
higher amount of LOF applied showed to decrease the optimal dosage of urea
required in compare to non-LOF application. Thought its use as source of nutrients
is limited, current research may indicate the potential utilization of LOF through
foliar spray to increase the efficiency of urea application.
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INTRODUCTION

For getting a high yield cocoa requires
an optimal nitrogen (N) (Kaba et al., 2018).
It is widely recognized that N is important
to support the vegetative phase determining
the amount of cocoa pods produced during
the generative stage. Additionally, N is also
required to develop cocoa canopy and frame
prior to pod production. Therefore, increasing
the uptake of N is potentially improved the
growth and overcome one of the most limiting
factors for cocoa (Ribeiro et al., 2008).

Most of cocoa plantation in Indonesia
now is subject to low soil fertility status with
N content below 0.30% (Prastowo & Baon,
2020), therefore there is a high N demand
to support the sustainability cocoa production
by increasing the N fertility level, and explore
the potential N sources with lower opera-
tional cost without any environmental effect.
The use of mineral derived N fertilizer is
still the main priority for most of cocoa
farmers since it is more practicable than the
application organic matter derived N which
is bulkier and more laborious. Yet applica-
tion of N mineral fertilizer is limited to the
low accessibility and unaffordable price to
smallholder farmers which accounting for
around 90% of total cocoa area in Indonesia.

The use of cocoa pod husk (CPH) derived
compost, as an organic waste product of
cocoa production, to improve soil fertility
level has been reported (Oyewole et al., 2012;
Kayode et al., 2018). Given that it accounts
for around 70% out of total weight of pods,
in the cocoa farms without any further
composting facilities it may provide a great
problem related to waste management
(Vésquez et al., 2019; Campos-Vega et al.,
2018). Additionally, the use of CPH as N
source for plant is always limited by current
nutrient level, commonly below 1.50%
(Sugiyanto et al., 2008; Ayeni, 2010). There-
fore it does not meet the Indonesian Ministry

of Agriculture minimum technical criteria for
organic fertilizer as it requires N content of
2% to be designated as solid or dried organic
fertilizer. Nevertheless, it can still be catego-
rized as liquid organic fertilizer based in the
same regulation as the minimium criteria is
a bit lower, i.e. 0.5%. Therefore, its utilization
is mostly aimed at increasing the soil fertility
level through soil physical characteristics
improvement such as water holding capacity,
soil structure, soil texture and aeration.

However, many efforts have been made
to improve the quality of fermented CPH
such as through the addition of essential
minerals and decomposers to enhance the
biological processings (Nurhaita et al., 2018;
Campos-Vega, 2018). Yet in the farm level,
different technologies providing more simple
and practical ways to improve the quality of
fermented CPH may still be required. The
mixture of cow urine as supplementary
material for CPH fermentation may still be
limited to our best knowledge. With N content
of up to 1%, it is potential to be utilized as liquid
organic fertilizer to support crop production
(Safitri et al., 2019).

Therefore, the combination of CPH and
cow urine is not only expected to improve
the quality of fermentation but also the prac-
tical way of its production. Additionally,
the foliar application of fermented CPH may
potentially provide a different source of N
for cocoa while overcoming the environ-
mental problem related to the handling of
cocoa waste in the farms. Liquid product
obtained from CPH fermentation can be
provided faster and with reduced amount
of dosage required for spraying, i.e. 0.5-1%,
in compare to the solid or dry organic material
for ground application, i.e. 10-20 kg per
tree.

Present research aims to determine the
N uptake of cocoa seedlings as results of
combination of fermented CPH (F-CPH) and
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urea applications. Its association to chlo-
rophyll content is determined through SPAD
readings.

MATERIALS AND METHODS

Five months greenhouse experiment, of
up to April 2020, was carried out in Kaliwining
Experimental Station, Indonesian Coffee and
Cocoa Research Institute, Jember, East Java.
Using ICCRI 08 variety, cocoa seedlings
were maintained of up to 30 days after planting
to maintain a well-established crop condition
before treatments. During the maintenance,
all cocoa seedlings received the same amount
of regular irrigation water of up to the field
capacity condition.

The soil was passed through ¢ <2 mm
sieve to improve the size homogeneity of
growth media, and remove the potential
mixing of non-soil fractions. The silty clay
of Inceptisol was obtained from Kaliwining
Experimental Station with organic C content
0.81%, total N 0.10%, P,O,Bray I 16 ppm,
and exchangeable K, Na, Ca, and Mg 0.90,
1.25, 16.75, and 7.05 cmol(+).kg*. Addi-
tionally, the cation exchange capacity (CEC)
was 27.61 cmol (+).kg™ with both pH H,O
and KCI 1 N 7.50 and 4.90.

The fermented CPH used for this experi-
ment was prepared for about one month
anaerobic fermentation of 50 kg of cocoa
pod husk with additional of cow urine with
1:1 ratio in a 200 L plastic tank, and in combi-
nation with biodecomposer containing phos-
phate solubilizing bacteria, lactobacillus,
yeast, actinomycetes and photosynthetic
bacteria to improve the biodegradation of
organic materials. Laboratory analysis of
final product of fermentation showed the
level of organic C content of 0.84%, total
N 0.09%, C/N ratio 9 with pH (H,0) 5.54,
and electrical conductivity (EC) 20.60
uS.cm,

The experiment was designed by a com-
pletely randomized design (CRD), and taking
into account two factors, i.e. the level of
fermented CPH concentration and urea appli-
cation, as treatments of which their effect
was determined through regular growth
observations and laboratory determination,
i.e. soil plant analysis development (SPAD)
chlorophyll readings, total dry weight of bio-
mass, and total N tissue concentrations. The
variation of LOF concentration levels are
control (i) 0.25%, (ii) 0.50%, and (iii) F-CPH
1%. Additionally, the rates of urea applica-
tions include the control, 10%, 25%, and
50% of fertilizer recommendation dosages.

The manual application of urea through
soil was done at 30 days after the cocoa
seeds transferred to the polybags. The dosage
rates used for treatments, i.e. PO, P1, P2,
and P3, are determined based on the fertil-
izer recommendation dosage of 2 g per
polybag per semester assuming 100% dosage
rate. Different fertilizers, i.e. TSP, KCI, and
Kieserite, were also applied with dosage of
29, 1g,and 1 g per polybag to support with
P, K, and Mg nutrients for crop. Additionally,
the fermented CPH was foliar applied regu-
larly every month during the three months
observations. The volume of spray water
was determined based on the plant calibra-
tion that the optimal moist condition of leaves
was obtained, i.e. 12 mL per cocoa seedlings.
The different F-CPH concentration used for
treatments were determined by diluting it into
distilled water (v/v) into the corresponding
levels.

Following the harvest, both oven-dried
above, i.e. shoot, and belowground, i.e. root,
cocoa plant biomasses were weighed, and
ground in the laboratory. Additionally, they
are mixed together to get a composite sample
for total N analysis through Kjeldahl method.
The N content expresses the average value
of total cocoa seedling’s biomass. The N
tissue concentration will be used for N uptake
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determination from individual pot, using
formula as below:

N uptake = N tissue concentration (%)
x dry weight of tissue (g.pot™)

Nitrogen use efficiency (NUE) was deter-
mined to evaluate the efficiency of N uptake
by cocoa seedlings in correspond to the crop
biomass development. The NUE is calculated
as following (Milroy et al., 2019):

Dry matter (g pot™1}
NUE = — o

N uptake (g pot™1)

With values ranging from O to 1, the higher
NUE close to 1 means the larger proportion
of N uptake used to develop cocoa biomass.

Additionally, the recovery efficiency of
applied N (REN) is calculated to know the
relative proportion of N uptake by plant
relative to the amount of N applied from both
LOF and urea (Dobermann & Fairhurst, 2000).
To do so, the N uptake by crops resulting from
different treatments is corrected with N uptake
from crops with no N fertilizer applications.
The REN calculation can be formulated as
follow:

REN(gNg™) = —=
Napp
With:
N, : Nuptake by plant in no N fertilization pots
N, : N uptake by plant in N fertilization pots
N ;. Total amount of N applied from both LOF and urea

app

The chlorophyll content was determined
through scanning the surface of leaves with
SPAD meter. A hand-held device has been
used to approach leaf N content with a
non-destructive technique, and shown a
potential good relationship with crop yield
(Gholizadeh et al., 2017). In this research,
the Pearson correlation between SPAD
and tissue N concentration of young cocoa
in response to different treatents will be
evaluated (Figure 1).

Statistical Analysis

The analysis of variance (ANOVA) is
used to evaluate the effect of LOF and urea
applications to cocoa seedlings growth, i.e.
SPAD chlorophyll as well as the calculated
N uptake and NUE. Tukey’s post hoc test is
performed, when there is a significant effect
of treatment to variable of observations, at
o = 5%.

RESULTS AND DISCUSSION

The evaluated current tissue N concen-
tration of cocoa seedlings indicate the non-
optimal level, < 2% (Jones et al., 1991),
regardless the variation in the treatments.
The non-optimal condition expressed in
the tissue may have been expected as related
the suboptimal amount of fertilizer applied,
i.e. 0 to 50% from the optimum level. As
the reduced dosage of urea was aimed at
evaluating the effect of LOF through foliar
application, therefore the non-optimal
level of N in the cocoa tissue revealed in
this research may have suggested the low
contribution of LOF.

As indicated in the previous section, the
LOF N concentration is considered low, i.e.
0.09%, or equal to about 500 times lower
than the N derived from urea. The lower
N content in the LOF may be related to the
high potential gaseous loss of ammonia during
fermentation process. As the foliar appli-
cation of LOF to cocoa seedlings in this
research is, mainly, attributable to its function
as source of plant nutrient, instead of amelio-
rating soil constraints (Celestina et al., 2019),
however, its application may be unable to
substitute mineral-derived N partly.

As indicated in the previous section, the
F-CPH N concentration is considered low,
i.e. 0.09%, or equal to about 500 times lower
than the N derived from urea or about 100
times lower than common foliar fertilizer
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Observation variables, i.e. SPAD, N uptake and N use efficiency (NUE) as responses to different
combination of treatments, i.e. no application of both F-CPH and urea (control), 0% F-CPH +
urea 10% of fertilizer recommendation dosage (BOP1), 0% F-CPH + urea 25% of fertilizer
recommendation dosage (BOP2), 0% F-CPH + urea 50% of fertilizer recommendation dosage
(BOP3), F-CPH 0.25% + urea 0% of fertilizer recommendation dosage (B1P0), F-CPH 0.25%
+ urea 10% of fertilizer recommendation dosage (B1P1), F-CPH 0.25% + urea 25% of fertilizer
recommendation dosage (B1P2), F-CPH 0.25% + urea 50% of fertilizer recommendation dosage
(B1P3), F-CPH 0.5% + urea 0% of fertilizer reccommendation dosage (B2P0), F-CPH 0.5% +
urea 10% of fertilizer recommendation dosage (B2P1), F-CPH 0.5% + urea 25% of fertilizer
recommendation dosage (B2P2), F-CPH 0.5% + urea 50% of fertilizer recommendation dosage
(B2P3), F-CPH 1% + urea 0% of fertilizer recommendation dosage (B3P0), F-CPH 1% + urea
10% of fertilizer recommendation dosage (B3P1), F-CPH 1% + urea 25% of fertilizer
recommendation dosage (B3P2), F-CPH 1% + urea 50% of fertilizer recommendation dosage

(B3P3); Bars with different letter on the top means significant different at o = 5%

commercially available on the market. Never-
theless, the lower N content of F-CPH is about
10 times than a typical liquid organic fertilizer
produced from CPH based components
(Panggabean & Wardati, 2015; Illing &
Mardianah, 2018). In this sense, the addi-
tion of cow urine may not clearly improve
the N content of the final product. With typical
N content of around 1% after one month
fermentation (Safitri et al., 2019), the 10 times
lower N content in the F-CPH may be related
to the high potential gaseous loss through
ammonia during fermentation. With initial
N content of around 5%, a 35% decrease in
the cow fresh urine N concentration within
just 10 days may be expected due to the deni-
trification processes (Walunguru, 2012).

26

The evaluation of leaf N and chlorophyli
content as indicated by SPAD readings,
suggest a weak correlation between the two
(Table 1a). In the present research, the Total
Kjeldahl N was determined not from pure
leaf tissue, instead the total biomass of seed-
lings as collected from both above and below
the ground. Therefore, it is suggested that
the use of SPAD readings to approach of leaf
N status may still be unconfirmed. Furthermore,
as already reported elsewhere (Xiong et al.,
2015), the relationship between leaf N content
and SPAD readings may vary depending on
the environmental factors and leaf features of
specific crops. The correlation analysis made
between N uptake and SPAD readings suggest
the improved of relation between the two
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(Figure 1b). As taking into account the total
dry biomass of cocoa seedlings for calcu-
lation, the increase in the correlation coef-
ficient may suggest the important of sample
type specifically to the final interpretation.

SPAD readings indicate the significant
effect of urea and its combination with LOF
to the increase in the chlorophyll content by
10-20% to control (Figure 2, SPAD). The
significant highest SPAD reading was con-
firmed at 50% of urea fertilizer dosage in
combination with both no and 0.25% con-
centration of LOF. It is, however, suggested
that the increase in the LOF concentration to
0.50-1.00%, in the same level of urea dosage,
has decreased the chlorophyll content down
to below 10%. As no positive strong correla-
tion were observed between SPAD readings
and N uptake (Table 1), therefore it is assumed
that different specific factor existed to deter-
mine the effect of additional of LOF concen-
tration. In this context, it is suggested the
leaf characteristics variabilities in the individual
level of plant providing a key factor due to
the high likely of homogeneity of environ-
mental condition in the green house scale.

Given that all SPAD readings levels of
cocoa leaves in the current research were
higher than 300, above 40 as the minimum
point in correspond to carotenoid level in
leaves (Netto et al., 2005), it may point out
the enhanced the photosynthetic processes.

As N may influence on the crop photo-
synthesis (Bassi et al., 2018), the suboptimal
N status in the leaves, as discussed earlier,
is attributable to the current chlorophyil level.

Yet, due to the weak relationship to leaf N
concentration (Table 1), therefore in this
research the result of SPAD readings may
not necessarily indicate the leaf N status of
cocoa seedlings.

Furthermore, statistical analysis suggest
the significant different effect of treatments
to cocoa N uptake. The average increase
of about 40% in compare to control was
observed. The significant highest increase
was resulted from 25% of urea application
in the absence of F-CPH treatment (BOP3)
with about 77% increase to control. Generally,
the N uptake by cocoa tends to decrease with
the increase in the concentration of LOF.

Similarly, in the same level of LOF
concentration, the N uptake is consistently
decreasing from P2 to P3 throughout the
treatment combinations (Figure 2). This
means that there is a limit of point at
which the relation of F-CPH concentration
to N uptake is still positive. Next to this
point, its effect may be negative in terms
of reducing the cocoa N uptake. Though
the use of same material as compost was
reported clearly to improve the nutrient
uptake (Kayode et al., 2018), in the present
research the application of LOF as source
of nutrient for cocoa seedlings may still be
limited.

The NUE values are ranging from 0.50 to
0.80, indicating a variation in terms of treatment
effect to cocoa seedling growth. The higher
NUE values were observed in the treatments
with highest level of urea, i.e. B1P3, B2P3,
B3P3, with NUE values close to 0.80. The

Table 1. Matrix correlation (R?) of N variables used in this research (N = 46)
SPAD meter Dry weight Total N N uptake NUE REN N rate
SPAD meter 1
Dry weight 0.34253 1
Total N 0.06898 -0.34126 1
N uptake 0.30846 0.42472* 0.69546 * 1
NUE 0.00267 0.42550 * -0.97805*  -0.62912* 1
REN -0.12442 -0.30716 0.29817 0.01010 -0.29391 1
N rate 0.43212* 0.75089 * -0.22520 0.34905 0.31549  -0.39763 1

Note: * = Significant at o = 0.01.
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Figure 2.  Recovery efficiency after N application (REN) with no application of both F-CPH and urea (control),

0% F-CPH + urea 10% of fertilizer recommendation dosage (BOP1), 0% F-CPH + urea 25% of
fertilizer recommendation dosage (BOP2), 0% F-CPH + urea 50% of fertilizer recommendation
dosage (BOP3), F-CPH 0.25% + urea 10% of fertilizer recommendation dosage (B1P1), F-CPH
0.25% + urea 25% of fertilizer recommendation dosage (B1P2), F-CPH 0.25% + urea 50% of
fertilizer recommendation dosage (B1P3), F-CPH 0.5% + urea 10% of fertilizer recommendation
dosage (B2P1), F-CPH 0.5% + urea 25% of fertilizer recommendation dosage (B2P2), F-CPH 0.5%
+ urea 50% of fertilizer recommendation dosage (B2P3), F-CPH 1% + urea 25% of fertilizer
recommendation dosage (B3P1), F-CPH 1% + urea 25% of fertilizer recommendation dosage (B3P2),
F-CPH 1% + urea 50% of fertilizer recommendation dosage (B3P3)

latter treatment shows a significantly highest
effect to NUE in compare to different treat-
ment. In this case, the higher NUE means
the positive effect of combination of both
urea and F-CPH to the dried cocoa seedling
biomass. The high NUE value for control
may have indicated the high contribution of
soil-derived N. Though the total N in the soil
may be designated as low (<0.30%), the high
N uptake by cocoa seedling is implying the
high N minerals available in the soil. However,
the stable condition of soil organic matter
as indicated by C/N below 10 may confirm
the potentially high status of N minerals in
the soil.

Additionally, data suggest the effect of
F-CPH to the increase in the NUE in combi-
nation with specific level of urea. With addi-

28

tional F-CPH in the treatments, the NUE
values have increased to some extent from
the point where no LOF is applied. The NUE
increase is corresponding to the increase in
the urea rate, which means that the higher
urea rate (P3) the larger the NUE increase.
With 50% of urea recommendation dosage,
the increase in NUE is above 40% up to 55%
compared to non- F-CPH applied treatments.
The increase in the NUE through F-CPH
foliar application is attributable to the improve-
ment in cocoa seedling biomass. The posi-
tive effect of organic source material to improve
the efficiency of mineral fertilizer for cocoa
seedlings has been reported (Prastowo et al.,
2014).

REN data interpretation indicates the
higher values for treatments with lower level
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of urea applications, i.e. P1 and P2 (Figure 2).
This means that cocoa seedlings take N
higher than the amount of being applied. At
the higher level of urea in P3, cocoa take
N below to 0.10 g per g of N applied at the
corresponding level of F-CPH. However, it
can be concluded that most of cocoa taking
the amount of N for their growth dominantly
from soil, which is higher than the amount
of F-CPH and urea derived N. As discussed
before, the high contribution of soil derived
N is likely attribut-able to the high N minerals
available in the soil.

In the absence of LOF, cocoa is taking
N about 0.20-0.30 g per g of N applied from
urea with lower dosage, i.e. P1 and P2
(Figure 2). With the increase in the urea rate
of up to 50% from recommendation dosage
(P3), the REN value is decreased implying
the contribution from the input of N. In this
level, the REN is down to below 50% showing
the lower amount of N required in compare
to the N inputs. Environmental factors may

also be responsible to the response occurred
following the N addition, such as soil fixa-
tion, volatilization and leaching. However,
soil N balance during the treatment is unable
to confirm in the present research.

The optimal rate of urea to the respec-
tive LOF concentration is considered the
corresponding point at which the cocoa N
uptake is at the highest level from the series
of treatments (Figure 3). The asymptotic
type of curves indicates the optimal rate of
urea occurred at the level before the highest
point, ranging from 0.5 to 1 g urea per pot
where it is varied depending on the F-CPH
levels. In the absence of F-CPH (BO0), the
estimated optimal rate of urea is around 1.20
g per pot. The increase in the LOF levels
is providing different optimal level of urea
around 0.70 g per pot. The higher rate of
urea from this range is expected to decrease
the cocoa seedlings N uptake, and ends up
with the decreasing in the urea application
efficiency.
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Figure 3. N optimal application in response to different combination treatments of F-CPH and urea (B0

= 0% F-CPH, B1 = 0.25% F-CPH, B2 = 0.5% F-CPH, B3 = 1% F-CPH)
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Additionally, the higher amount of F-CPH
applied shows to decrease the optimal dosage
of urea required in compare to no F-CPH
application (BO) (Figure 3). In the absence
of F-CPH, the optimal dosage is about 1.20 g
per pot, yet decreases to the point close to
0.70 g per pot with the increasing of its
concentration. Therefore, though its use as
source of nutrients is limited, current research
may indicate the potential utilization of LOF
through foliar spray to increase the efficiency
of urea application.

CONCLUSIONS

SPAD readings indicate the significant
effect of urea to the increase in the chloro-
phyll content by 10-20% to control. Yet,
in the same level of urea rate, the chlorophyll
content is down to below 10% with the increase
in the F-CPH concentration to 0.50-1.00%.
No strong correlation observed between
SPAD readings and N content. Furthermore,
the average increase of N uptake of about
40% resulting from treatments in compare
to control was observed. The significant highest
increase, of about 77% in compare to control,
was resulted from 25% of urea application
in the absence of F-CPH application. It is
found its strong positive correlation to the
rate of N application. The effect of combi-
nation of both urea and F-CPH demonstrate
a NUE value ranging from 0.50 to 0.80. Its
value has been increased with corresponding
to the increase in the urea rate. REN data
indicates the higher values for treatments with
lower level of urea applications. It is going down
with the increase in the urea rate. The optimal
dosage for cocoa seedling is obtained ranging
from 0.5 to 1 g urea per pot where it is varied
depending on the F-CPH levels. In the absence
of F-CPH, the estimated optimal rate of urea
is around 1.20 g per pot, and going down to
close to 0.70 g per pot with the increase in the
level of F-CPH. Though its use as source of

nutrients is limited, current research may
indicate the potential utilization of LOF
through foliar spray to increase the efficiency
of urea application.
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