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Abstract—Liquid organic fertilizer (LOF) supplementation for solid organic fertilizer can accelerate the availability of plant
nutrients. However, the nutrient content of LOF is highly dependent on its sources. The objective of the experiment was to examine
the nutrient content of enriched liquid organic fertilizer from dairy cattle wastes. The experiment was conducted at Closed
Agriculture Production System Research Station located in Air Duku Village, Bengkulu, Indonesia, at 1054 m above sea level. The
experiment was laid out in a Completely Randomized Design with ten treatments and three replications. The treatments consisted of
LOF from dairy cattle wastes enriched with Tithonia diversifolia, Ageratum conyzoides, Leucaena leucocephala, and Gliricidia sepium,
their combination with phosphate rock, the combination of Tithonia diversifolia, and Ageratum conyzoides, and control. The LOF
solution was anaerobically incubated for six weeks. The experiment indicated that during the incubation, solution pH declined for the
first two weeks, gradually increased up to week 6. At the end of incubation, control exhibited the highest pH as compared to those
with enrichment, indicating that decomposition of green biomass released a considerable amount of hydrogen. Enrichment of LOF
considerably increased the contents of C, N, P, K, Ca, and Mg. The addition of phosphate rock to biomasses did not contribute a
prominent increase in phosphorus content, possibly due to its low solubility at high pH. LOF enrichment with Tithonia diversifolia
and Ageratum conyzoides had the highest N, P, and Mg contents. Therefore, the enrichment is the most potential for L OF production
in closed agriculture system.

Keywords: liquid organic fertilizer; enrichment; closed agriculture system; Tithonia diversifolia; Ageratum conyzoides.

The application of solid organic fertilizer with the
[. INTRODUCTION addition of LOF provides more rapid availability of nutrients

The development of organic farming practices has beenduring the plant life cycle. The previous study indicated that
associated with the prevention of further soil deterioration '€ Use of LOF as a supplement increased N, P, and K
due to a massive application of synthetic agrochemicals,UPtakes, as well as the yield of sweet corn [11]-[13] and
Degradation of soil fertility in conventional farming ghqot fresh welght_qf m.ustard_[14], Another result,.ho_v\./ever,
practices has been reported by some researchers [1]_[4]|_nd|cates that fertilization using LOF has no significant
Solid organic fertilizer is commonly used as the only ©fecton P and K uptakes and yield of sweet corn [15], [16]

nutrient plant resources in organic farming practices. The ai.W?” as on the grO\INth .a';]d y'?lld of grganlc carrot 5117.]'
fertilizer can improve soil fertility [5]-[7] and substitute This inconsistent result might reflect LOF sources and its

synthetic  nitrous  fertilizer [8] [9] However preparation process, leading to its different nutrient content.
supplementation of liquid organic fertilizer (LOF) is Aerobic fermentation of dairy cattle effluent contains a

necessary since plant nutrient release from solid organicIOW conc?ntratlon of total Carb_?” (318 m]_g,ltotal nltroglen
fertilizer is slow and often not available when required. (60 Mg T), phosphorus (4 mg, potassium (700 mg’)
Vermicompost fertilization supplemented with LOF has an @d pH of 6.2 [18]Cattle urine had 3000 mg hitrogen, 1.6
increase in total soil nitrogen, nitrate-N, exchangeable K, M9 I” phosphorus, 613300 mg potassium, 201 calcium,

1 . 5
and soil pH, even though it does not affect total soil organic 28(.) mg | magnesium, and 490 mg i;u!fur_ [19]. Th_erefor_g,
C, exchangeable Al, and available P in soil [10] enrichment of animal effluent based liquid organic fertilizer
' ' ' is essential to increase the nutrient content required for plant
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growth and development. Plant biomasses and naturalC. Liquid Organic Fertilizer Preparation
minerals are among the sources for this purpose. Green biomasses for enrichment were prepared by cutting
Among three green biomasses identifi€tthonia is into 5-6 cm pieces. Liquid organic fertilizer was produced
superior in N (1.76%), K (3.92%), and Ca (3.07%) content py mixing dairy cattle faces, urine, soil containing local
to Panicumand ChromolaenaPanicumhas highest content microorganisms, EM-4 [12]. However, the volume was set
in P (1.62%), Mg (0.2%) and C (33.40%) [20]. Another 5 100 liters with fresh water. Before the addition of water,
study indicates thadgeratumcontains the highest N, P, K, the enrichment was incorporated and altogether was
Ca, and Mg as compared Tathonia, Gliricidia, Leucaena,  transferred to 130-liter blue container. The container was,
and Eichornia[21], being the most encouraging source of nen, tightly covered with a cap. The mixture was
enrichment. The nutrient content and the availability of each anaerobically incubated for six weeks. Anaerobic installation
green biomass should be put into consideration of LOF a5 accomplished by connecting a PVC pipe through the
production. The addition of green biomass to LOF from noe in the middle of the lid to LOF solution at one end and
animal effluent is rarely evaluated. Therefore, the study waspody of water at the other end. Solution LOF temperature
carried out to examine the nutrient content of enriched liquid 5ng pH were measured every week. After six weeks, one

organic fertilizer from dairy cattle wastes. liter of the solution was sampled for the determination of
carbon, nitrogen, phosphorus, potassium, calcium, and
Il. MATERIALS AND METHOD magnesium.
A. Green Biomass Selection D. Statistical Analysis

The study started with the identification of green  Apalysis of variance was calculated using Proc GLM
biomasses around the site of the experiment in Selupuysing SAS version 9.1.3 portable at the confidence level of
Rejang Subdistrict, Rejang Lebong, Bengkulu, Indonesia. A 9596, Treatment means were separated using Duncan
lot of potential plant biomasses were discovered in the areayyitiple Range Test at p<0.05.
such asAgeratum, Tithonia, Gliricidia, Leucaena, Eichornia,

Panicum and Chromolaena, and nutsedge Four green Il. RESULTS ANDDISCUSSION
biomasses were selected for enrichment based on their
abundance around the study area and their nutrient contenfs. Effect of Enriched LOF on Solution Temperature and pH
[21], which was Ageratum, Tithonia, Leucaena, and  Enrichment of LOF does not influence solution
Gliricidia. A combination of rock phosphate with each temperature as indicated in Table 2. During the incubation,
selected biomass was assigned in a treatment to acquire theplution temperature ranged from 20.7-24C3 which was
best LOF nutrient content. always lower than room temperature (23.0-2&)) Organic
B. Experimental site and Treatment matter decompos_ition normally increases temperature due to
} ) ) heat release during the process [22]. An increase in CO
The experiment was carried out at Closed Agricultural yglegse with increasing temperature was an indication of the
Production System Research Station in Air Duku Village, organic matter decomposition process [23]. It was also noted
Selupu Rejang Sub-District, Rejang Lebong District, 1y [24] that temperature increased gradually to°@Cafter
Bengkulu, Indonesia. It is located at 1054 m above sea levebg gays of organic matter decomposition. Another earlier
assigning Completely Randomized Design with ten gydy found out different results where temperature
treatments with three replications. The treatments were anjncreased drastically to nearly 6C after 50-60 hours of
enrichm_ent of Ii_quiq orggnic fertilizer with green _bio_masses organic matter decomposition [25]. Our finding showed that
and their combination with phosphate rock, as indicated in organic matter decomposition under saturated water did not

Table 1. affect the temperature of the LOF solution; in fact, it was
TABLE | lower than the room temperature.
TREATMENTS OFLIQUID ORGANIC FERTILIZER ENRICHED WITH GREEN
BIOMASSES ANDPHOSPHATEROCK. TABLE I
SOLUTION TEMPERATURE DURING THEINCUBATION

Treatment Enrichment 5

5 kg Tithonia diversifolia(Hemsl.) A. Gray and 2.5 Temperature’C)
TD+RP kg phosphate rock Treatment| Week | Week | Week | Week | Week | Week

5 kg Ageratum conyzoidds and 2.5 kg phosphate 1 2 3 4 S . 6
AC+RP rock TD+RP 21.7 21.3 22.0 21.3 22.3 22.8

5 kg Leucaena leucocephaléLamk.) de Wit and AC+RP 22.3 21.0 20.7 22.3 22.3 22.8
LL+RP 2.5 kg phosphate rock LL+RP | 23.0 [ 21.3| 213[ 213 230 220

Gliricidia sepium acq.) Kunth ex Walp and 2.5 kg | GS+RP | 22.0| 223] 223 21. 22y 223
TD 10 kgTithonia diversifolia(Hemsl.) A. Gray AC 233 | 210| 220 223 233 223
LL 10 kg Leucaena leucocephalaamk.) de Wit GS 243 | 220| 227| 223 243 23.0
GS 10 keGliricidia sepium (Jacq.) Kunth ex Walp TD+AC | 220 | 213 | 217] 21.7] 220 23.3

5 kg Tithonia diversifolia(Hemsl.) A. Gray and § Control | 227 | 213| 207 213 217 227
TD+AC kg Ageratum conyzoidds . . ]
Control Without enrichment Throughout the incubation process, solution pH tended to

fluctuate and was influenced by the enrichment of the LOF.
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It is indicated in Table 3 that solution pH decreased in the recommended by the national standard. The lesser C
first two weeks and increased afterward, finally acquired concentration was partly due to different preparation in
steady at week 6. The decline in solution pH at the which the LOF sample was sieved to obtain the strength of
beginning of incubation might have been associated with thethe pure solution, deprived of the solid phase. The carbon
production of organic acids during the organic matter concentration of the LOF ranged from 10.6 to 37.9.g |
decomposition [26]. However, solution pH was still in a Enrichment of LOF with biomasses and their combination
range of neutral, which is acceptable for the national with phosphate rock considerably increases the content of C
standard of LOF. pH decline was observed in the first five of the solution, as indicated in Figure 1. Enrichment with
days and significantly increased until nearly 15 days after sole biomass had greater C concentration than that when

incubation [24].

TABLE lll

SOLUTION PH OF ENRICHED LOF DURING THEINCUBATION

combined with phosphate rock. Additionally, C
concentration was not significantly different among
enrichment with sole biomasses. Enriched LOF with the
combination of Tithonia and Ageratum had lower C

Solution pH concentration than that of the only biomass, indicating a
= faster decomposition process of the combination. The
ol § § § § § § different C concentrations of enriched LOF might have been
3 @ o) @ ) @ o) L . L
2 o X 3 2 > > related to the lignin content of each biomass. Lignin was an
- integral part of cell walls resistant to biological degradation

TD+ | 7.84abc | 7.3l1ay 7.39abg 7.77p  7.81b  7.76/ab [26]. The Low C/N ratio of LOF enriched with the
E& 578 56 =55D 53768 =5 kb combination ofTithoniaandAgeratumpresented in Figure 2
o | ole 7.0ehe s Bope 998D g an indication of the low lignin content of the combination.
[L+ | 7.70abcd| 7.22af 7.30ab¢ 750pc 7.81b 7.76ap It is revealed by another study that LOF from green
RP biomasses of water hyacinth, peanut, &etdicaenausing
730bcd | 7.05 |[7.22abc | 749bd 7.75bf 7.79ab  three bio-activators had C content ranging from 67-88 g |
g‘? abc [30]. The difference of the C content was due to different
1o | 796ab | 737ab 747ab| 7.48bc 759bc 754bc lignin content of the green biomasses.
Ac | 6:89cd 598d| 6.75¢c 6.74d 7.01{d 7.36pc 45.0 -
LL | 748abcd| 6.84bg 7.27abg 7.12pd 7.05d 7.1lc 8
7.21bcd | 7.16 | 6.81c 708ed| 7.11d| 7.15c
350
Gs abc
750abcd| 712 | 7.05bc | 7.35cd| 7.35c§ 7.41bf 300
TD+ =950 o
AC abc ;-:.0
Cont | 841a 754 a 7.72 a 8.30 ¢ 8.28p 8.15ja 7200 -
rol ~
Means followed by the same letter within a column are not significantly 150 -
different
10.0
Table 3 also shows that the enrichment of LOF has lower 5.0
pH than control, suggesting that the addition of green -
biomasses leads to the accumulation of proton released by ) .
" S S SISO LYy &L
the decomposition process to the system. A laboratory study & & F & >V LIPS
noted that the accumulation of biological hydrogen Yoy V0 &0

production from sucrose and starch mineralization Fig. 1. The carbon content of enriched LOF with green biomass and its
drastically increased during the first 20 hours, leading to combination with phosphate rock

lower the pH [27]. Another study noted that the loss of soil ] ] ) . o _
organic matter contributed to an increase in hydrogen The enrichment with biomass and its combination with
production to the soil [28]. Also, the combination of biomass Phosphate rock also markedly raises N concentration of the
with phosphate rock had slightly higher solution pH than LOF, as shovv_n in Figure 2. Sole biomass addmon mcreaged
that of sole biomass, indicating that the addition of N concentration higher than that when combined with
phosphate rock can neutralize the accumulation of protonPhosphate rock. Among green biomasSagonia biomass
production by the green biomass decomposition processhad the highest N concentration, followed Bgeratum

Solubility of rock phosphate increased at high proton Leucaena,and Gliricidia. A similar trend was observed
availability [29]. when the biomasses were in combination with phosphate

rock. The enrichment with the combinationTathonia and
B. Nutrient Content of Enriched Liquid Organic Fertilizer Ageratumbiomasses exhibited the highest N concentration,
Its nutrient content profoundly determines the quality of €ven though it was not significantly different from sole
LOF. Enrichment of LOF with green biomasses and their Tithonia or Ageratum demonstrating thafTithonia and
combination with phosphate rock significantly increased its Ageratum have higher N content than the other two
nutrient content such as C, N, P, K, Ca, and Mg. In this biomasses. The previous study resulted ffigitonia and
study, C concentration of LOF was lower than that Ageratumhad similar content of N but higher theeucaena
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water hyacinth, andGliricidia [21]. In terms of N concentration of P in comparison to the other enrichments.
concentration, the combination of the biomassEhénia This is related to the content of P of the biomasses where
andAgeratun) or sole biomass addition is the most potential Tithonia and Ageratumhad P concentration reaching 0.9%

biomass for the enrichment of LOF. The high N content of and 1.7%, respectively [21]. Nevertheless, the addition of
LOF is very advantageous for plant growth [13], [31], [32]. phosphate rock to biomass did not affect P concentration.
This might have been due to the low solubility of phosphate

00 rock at high solution pH (Table 3). The previous study
250 confirmed that soluble P attained 40% in a citric acid solvent
and none in distilled water [38]. Moreover, the solubility of
200 phosphate rock sharply declines as pH increases and
& practically is not soluble at pH of 7.0 [39]. Therefore, the
= 150 contribution of P on the enriched LOF is more likely from
10.0 green biomass rather than from phosphate rock. Addition in
the form of phosphate rock solution might be the key to
5.0 avoid the problem.
0.0

200
3 XQS ng )XQQ S Ly el Q\@\
S S o

Fig. 2. The nitrogen content of enriched LOF with green biomass and its
combination with phosphate rock 120

P (gl)

A low concentration of C in LOF brought about a low
C/N ratio. Highest C/N ratio was attained by the addition of

sole Gliricidia, followed bylLeucaenaFigure 3), indicating -

that Gliricidia and Leucaenabiomasses were more resistant

to decomposition thaAgeratumandTithonia Even though 0.0

a Tithonia, Ageratum, Leucaenand Gliricidia had similar S LIS OEY &L

[
content of lignin, the types of the lignin might have been S

different, causing the q‘,fferefnce in C/N ratio [21]. L'gn'n. Fig. 4. The phosphorus content of enriched LOF with green biomass and its
structure and composition is very complex so that it iS combination with phosphate rock
resistant to biodegradation [33], [34].

Figure 3 also illustrates that the addition of phosphate Potassium concentration in the LOF shows a different
rock to green biomasses is likely to lower the C/N ratio than fashion. Although the addition of biomass and its
those of sole biomasses. This might have been associatedombination with phosphate rock provided a substantial
with the increase in solution pH (Table 3), causing an increase in K concentration in LOF as compared to that of
intensification of microbial activities for the composting control, K concentration was similar among the enrichments
process. Earlier experiments noted that an increase in pHFigure 5).Ageratumhad higher K content thahithonia,
tended to speed up biological degradation [35], [36]. LeucaenaandGliricidia, but the contribution to LOF was
Bacteria is strained under acid condition leading to that thenot significant [21]. A similar result was found out that K
cell growth is hampered, even deceased [37]. concentration in LOF was approximately 6.1 'galfter 40
days of incubation [30]. The finding of the experiment
revealed that K concentration of enriched LOF with biomass

and its combination with phosphate rock ranged from 6.5 to
2.0 4 799l
215 I I 9.0
& 8.0
&
o 10 4 ]: I L . 70
B o9
=50
&
0.0 v 4.0
S NS S S Q C v & L N
S & & & F Y ©
PR YOVST S 3.0
2.0
Fig. 3. C/N ratio of enriched LOF with green biomass and its combination
with phosphate rock Lo
0.0
Enr_ichr_nent _ of LOF with green piomass_ and its qus LSS QLY e o\‘o\
combination with phosphate rock prominently increases P S Y E &S

Conce.ntratlon (F.Igure. 4)' Similar to N Conte.m' the Fig. 5. The potassium content of enriched LOF with green biomass and its
combination of Tithonia and Ageratum had the highest  coypination with phosphate rock
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Calcium concentration of enriched LOF with biomass and
its combination with phosphate rock was also superior to
control (Figure 6). Sole biomass addition had a higher Ca
concentration of LOF than that of its combination with
phosphate rock, indicating that contribution of biomass on

IV. CONCLUSION

In general, enrichment of LOF by green biomass and its
combination with phosphate rock considerably increased the
concentrationof C, N, P, K, C, and Mg in comparison to
those of control. LOF enrichment with the combination of

Ca content was more substantial than phosphate rock. Theyjihonia and Ageratumexhibited the highest concentration

low solubility of phosphate rock (@&Q;)sF) at high pH

LOF. Moreover, soleGliricidia biomass contributed the
most top Ca to the LOF followed bygeratum and
combination ofTithonia and Ageratum Higher content of
Ca in the enrichment @liricidia was associated with its Ca
content in which Ca content @liricidia was 1.42% [40].
This amount was higher tharucaeng1.32%).

) P of N, P, and Mg. At the same time, thatG@lfricidia had the
(Table 3) might be the reason for small Ca contribution to highest C and Ca concentration as well

as C/N ratio.

Likewise, the pH of LOF complied with the national
standard, which is approximately neutral. Therefore, the
enrichment with the combination d@ithonia and Ageratum

was the most potential for LOF production in a closed
agriculture system. The two green biomasses are easily
found in the tropical highland as fast-growing weeds. In case

of limited availability of the two biomasses, sole enrichment

0.40 4

Ca(glh)
o o
ot i
S

e
ot
5
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\‘Q

S W
(,9‘\ (1]

,&Q ,Ss ,33 AN ?C W >
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Fig. 6. Calcium content of enriched LOF with green biomass and its (2]
combination with phosphate rock

As in the case of other nutrient content of enriched LOF, 31
Figure 7 shows that LOF without enrichment has the lowest
concentration of Mg. The highest concentration of Mg has [4]
observed in LOF with enrichment dfthoniaandAgeratum
combination,although it was not different from that of sole
Ageratum. Ageratum biomass was superior in Mg [5]
concentration to other green biomasses [19]. The
concentration of Mg in LOF enriched with the combination
of Tithonia and Ageratumwas more than 3.5 times that of (g
control.

0.30 [7]

(8]

0.10 [

(10]
D
0%6(?(' é“&
& C
Fig. 7. The magnesium content of enriched LOF with green biomass and its[ll]
combination with phosphate rock
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of Tithoniaor Ageratumis an alternative for LOF production.
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