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Abstract— Liquid waste generated in large quantities in the palm oil mill has low pH, and high organic content and its use as an
organic amendment could offer an environmentally friendly management strategy. This pot experiment aimed to evaluate the impact
of organic waste of the liquid waste from the palm oil mill and synthetic fertilizer on organic carbon and nutrients of an acid soil and
soybean yield. The treatments consisted of no synthetic fertilizers, half recommended dose of synthetic fertilizers (0.5R), synthetic
fertilizers as recommended 50 kg haUrea + 200 kg ha SP-36 + 150 kg ha KCI (R) and organic waste with doses of 0, 5, 10, 15 and
20 t ha. The experiment was arranged in a completely randomized design with a factorial pattern and three replications. The results
demonstrated that there was no significant interaction on soil chemical characteristics by the addition of organic waste and synthetic
fertilizers. However, organic waste addition increased soil pH, total organic C, labile organic C, humic acid C, total N, available P,
exchangeable K, and cation exchange capacity (CEC), whereas synthetic fertilizer addition only increased available P and
exchangeable K. Exchangeable Al was significantly reduced by organic waste while significant effect didn’t occur with synthetic
fertilizers. The treatment of organic waste increased total organic C content by 7-24%. A larger sensitivity was indicated by labile
organic C compared to total organic C and humid acid C so that labile organic C is a better indicator of alterations of soil organic C
owing to organic waste treatment. The treatment of organic waste and synthetic fertilizers showed significant interactions on the dry
weight of soybean seed, shoot, and root. The addition of synthetic fertilizers without organic waste increased the dry weight of the
soybean seed, shoot and root by 133%, 133% and 140% respectively, while with the addition of 15 1 loaganic waste combined
with synthetic fertilizer, enhancements by 262%, 261%, and 206% in the dry weight of seed, shoot and root were respectively found.
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reported that the liquid waste of palm oil factory had pH of
|. INTRODUCTION 3.5, 25545 mg 1t BOD, 55755 mgl* COD, 18479 mgL*
suspended solids and 711 mg™ Ltotal nitrogen.
Chotwattanasak and Puetpaiboon [3] reported that the palm
oil mill liquid waste had pH of 4.72-5.38, 12750-42150 mg
H-* BOD, and 15000-66000 mg'LCOD. The high content
of BOD in liquid waste shows the high content of degradable
organic matter [4]. However, it cannot be directly applied to

The palm oil production process in the mills results in
solid waste and liquid waste. The solid waste consists of
empty fruit bunch, fiber, and shell. Liquid waste is a waste
generated in large quantities, that is about 65% of the fres
fruit bunch processed [1]. Waste derived from the
agricultural industry contains high organic matter and can . ;
decompose. The palm oil mill liquid waste is brown, thick, f[he SO.'I. dge to low PH _and can lead to nitrogen (N)
and acidic with high solid content, great biological oxygen |mmob|||zgt|on and poisoning _for_plants [5. 5]' T_he_.\ content
demand (BOD) and chemical oxygen demand (COD). TheOf organic matter in this Ilql_ud waste is difficult to
properties of liquid waste vary depending on the condition of 9C0mMPose under natural conditions [7].
the palm oil factory and climate. Vijayaraghavan et al., [2]
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In the palm oil mill, the liquid waste is treated gave higher yields of 5.5 t Haand 5.4 t ha compared with
biologically by using open ponding system before being control (1.5 ton h& and recommended mineral fertilizer
applied to the field or discharged into the waters, in which it application (4.5 ton hY. Information on the use of organic
requires a long hydraulic retention time of about 80 days [8]. waste coming from the liquid waste produced in the palm oil
The liquid waste in open ponds is a major source of mill as a source of organic matter and nutrients in improving
pollution because anaerobic ponds release large amounts dfoil quality and crop vyields is still limited. The objectives of
methane gas, and liquid waste can also contaminate surfacthis study were to (1) evaluate the interaction of organic
and groundwater [9]. However, it can be used as anwaste as an alternative organic fertilizer and synthetic
alternative organic fertilizer because of its high content of fertilizer on organic C and other chemical properties of an
organic matter and plant nutrients. acid mineral soil and soybean vyield, and (2) determine and

Acid mineral soils such as Ultisols are soils with low compare the sensitivity of organic C fractions as indicators
productivity, pH, organic matter, and nutrients. This soil has of soil organic C in an acid mineral soil amended with
a pH of 4.6-4.7, 0.90-1.18% organic C, 0.07-0.09% total N, organic and/or synthetic fertilizer.
8.8-9.0 ppm available P and 0.12-0.16 cmdlkg
exchangeable K [10]. Various inputs of organic and [I. MATERIALS AND METHODS
synthetic fertilizers have been used to ameliorate soil fertility o ) )
and raise plant production. Addition of manure such asA- Liquid Waste, Chicken Manure, and Zeolite
compost could increase organic soil C [11]. Serramia et al., The study was conducted from March to October 2015.
[12] found an increase in the C fraction of soil humid acid by The fresh liquid waste was obtained from the palm oil mill
the addition of organic fertilizer, which indicates a useful located in Ladang Panjang Village, Muaro Jambi Regency,
indicator for soil C stabilization. Yu et al., [13] reported that Jambi Province. Analysis of liquid waste was conducted to
the utilization of manure increased the sequestration of C indetermine pH, BOD, COD, total solid, total N, total K, and
the soil because of the enhancement in the soil stable organitotal P by the American Public Health Association (APHA)
C while its raise as a result of the treatment of synthetic method [24]. Characteristics of liquid waste are presented in
fertilizers was smaller. In addition to the total organic C Table 1. Chicken manure was derived from a local chicken
increase, giving organic rice straw input to the soil also farm. Characteristics of pH, organic C (Walkley and Black),
increases the labile organic C [14]. The use of NPK total N (Kjeldahl), total P (25% HCI) and total K (HCI 25%)
fertilizers accelerates the breakdown of soil organic matterof chicken manure are presented in Table 2. The
[15]. A labile organic C fraction is a responsive indicator of characteristics of zeolite are shown in Table 3.
alteration of soil organic C owing to different management The organic waste used in this study was the fresh liquid
practices and has a crucial function in the release of nutrientsvaste of palm oil mill mixed with zeolite and chicken
and microbial activity because it is readily decomposed by manure. The mixture of fresh liquid waste (6 liters) with
microorganisms [16]. zeolite (0.6 kg) and chicken manure (2 kg) was put into a

Efforts to utilize organic waste such as recycling processplastic bucket (diameter 39 cm, height 41 cm). The bucket
provide benefits to ecosystem services and improve soilwas covered with plastic lid and stirring was done daily to
quality [17]. The usage of recycled organic waste can provide aeration for four weeks. After four weeks, analysis
improve the biological, physical, and chemical soil of the organic waste sample was carried out to determine pH,
properties [18]. Bulluck Il et al., [19] reported that the use organic C, total N, total P, total K, CEC, and moisture. The
of recycled organic waste as an alternative fertilizer could characteristics of organic waste are shown in Table 2.
improve the properties of soil biology, chemistry, physics TABLE |
and crop vyields better than synthetic fertilizers. Compost CHARACTERISTICS OFFRESHLIQUID WASTE
application derived from organic wastes is not only

beneficial in terms of waste recycling but can also reduce the Parameter Value
number of synthetic fertilizer needs and increase the content ggD [T ;i'71230

of soil organic matter and as a means of reducing CODS((r?:ggL'l)) 43490
atmospheric C®[20]. Rostami et al., [21] found that the Total N (mg ) 560
treatment of 20 t hhcompost of municipal waste together Total P (mg L) %

with 50% recommended dosages of chemical fertilizers [Toalk (mg L) 319
provided the highest soybean production of 4.48"t\alaere

there was a 29% increase compared to the chemical fertilizer TABLE I

treatment of the recommended dosages (40 Kguhea, 60 CHARACTERISTICS OFCHICKEN MANURE AND ORGANIC WASTE
kg ha® triple superphosphate and 60 kg*hpotassium _ _
sulfate). Verde et al., [22] obtained the highest soybean yield | parameter Chicken Organic waste
(2.80 t h&d) with organic fertilizer treatment, which manure

increased by 146% compared with control. Mucheru-Muna gl:ganic C %) 271'2;1 2669011

et al. [23] reported that no significant difference was found Total N (%) 1 é6 > '21
between the treatment of organic fertilizer alone and the o -rp (%) 1:33 1:46
combination of organic fertilizer with half the Total K (%) 2.40 251
recommendation of mineral fertilizer on corn yield where the [¢g/N 11.78 9.05
treatment of organic fertilizer alone or organic fertilizer CEC (cmol kg) 61.66 90.20
combined with half the recommendation of mineral fertilizer | Moisture (%) 30.14 80.26
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TABLE IIl. incubation, the synthetic fertilizer was given to the soll
CHARACTERISTICS OFZEOLITE according to the treatment and mixed. Then, in each pot, two

Parameter Value soybean seeds of Willis variety were planted and after two
S0, (%) 63.8 weeks, thinning was done, where one plant was allowed to
ALOs (%) 1354 grow in each pot.
Fe,0; (%) 1.43 TABLE V
CaO (%) 2.50 TREATMENTS OFORGANIC WASTE AND SYNTHETIC FERTILIZERS
0,
mg:()) ((0//(:))) ggg Treatments Synthetic fertilizers (Urea+SP-36+KCI)
: Organic
gzg gf’g <g-ggl waste (W) (t 0 0.5R R*
2Us (70 . hat
HO (%) 6.98 5W 5W 5W+05R 5W +R
CEC (cmol kg) 106.48 10W 10W I0W+05R | 10W+R
15w 15w 1I5W+05R 1I5W+R

. . 20 W 20 W 20W+05R 20W+R

B. Experimental Soil *R = 50 kg ha Urea + 200 kg HASP-36 + 150 kg MaKCl

The soil used in this experiment was taken from Mendalo
Darat Village, Muaro Jambi Regency, Jambi Province in p. Determination of Crop Yield and Soil Analysis after
which the site was dominated by grasslandpérata Harvest
cylindrica). The soil was sampled from a depth of 0-20 cm, )
dried for 3 days, crushed and passed through 2 mm sieve. Soybean was harvested 9_3 days after planting. Plant roots
The sieved dried soil was placed into plastic pots (26.5 cmere separated from the 50|I_ anq washed. Roots ar:d shoots
tall and 31 cm in diameter) wherein each pot contained 10(léaves and stems) were dried in an oven at 50 ° C to a
kg of soil equivalent to oven dry weight. Soil analysis before constant weight and then weighed. The pods were dried in
treatment was performed to determine the texture (pipetteSUnlight and the seeds were separated from the pods. The
method), pH HO (1: 2), organic C (Walkley and Black), weight of the_ seeds was weighed with a water content of
total N (Kjeldahl), available P (Bray 1), exchangeable K 13%. The soil in eaph pot was samp_led, dried, crus_hed and
(NH,OAc 1 M pH 7), exchangeable Al (KCI 1 M) and CEC passed by 2 mm sieve. Soil analysis after harvesting was

(NH4OAc 1M pH 7) and the soil characteristics are shown done to determine the pH of,@ (1:2), total organic C
in Table 4. (Walkley and Black), humic acid [26], labile organic C [27],

TABLE IV humic acid C (Walkley and Black), total N (Kjeldahl),
available P (Bray 1), exchangeable Al (KCI 1M),
CHARACTERISTICSOFSOIL exchangeable K and CEC (NBIAc 1M pH 7).

Parameter Value o )
pH 4.62 E. Satistical Analysis
Organic C (%) 1.68 The data were analyzed by using variance analysis with F
Total N (%) 0.124 test and Duncan multiple range test (DMRThat 5%. The
Available P_(ppm) 4.67 formula of SI = (C fraction in organic waste or fertilizer
Exchangeable K (cmol kg 0.102 treatment - C fraction in control) / C fraction in control
CEC (cmol k) i 6.72 determined the sensitivity index (SI) of organic C fraction
Exchangeable Al (cmol kb 2.59 28]
Exchangeable H (cmol Ky 0.78 '

0,
gﬁtng,/f)@ ;&’268 [ll. RESULTS ANDDISCUSSION
Clay (%) 28.12 A. Effect of Organic Waste and Synthetic Fertilizer on Soil
Texture class Loam Organic C Fractions

C. Experimental Design The addition of organic waste and synthetic fertilizers did

The pot experiment was undertaken in the greenhouse af'ot r.esult. in any signifi_cant interaction on total organ.ic C,
the Research and Teaching Farm, Faculty of Agriculture, umic acid C, and labile organic C. However, the simple
Jambi University, Jambi Indonesia 037' 03,36" S; 103 effects of each factor were different. The organic waste
31' 16,34" E). The treatments consisted of five dosages ofaddition enhanced the total organic C, humic acid C, and
organic waste (0, 5, 10, 15 and 20 thand three dosages labile organic C significantly, whereas the treatment of
of synthetic fertilizer; no synthetic fertilizer (0 R), half dose synthetic fertilizer could not significantly increase the soil
of recommendation (0.5 R), recommended dose (R) 50 kgPrganic C (Table 6). _ _ _ _
ha' Urea + 200 kg HaSP-36 + 150 kg WaKCI [25]. The Total organic C, humic ac_ld C, and_ labile organic C
treatmentswere located in a completely randomized design showed an increasing trend_ with mcregsmg_doses of organic
with factorial pattern and three replicates (Table 5). The Waste added. Total organic C, humic acid C and labile
organic waste was added to the soil in pots and stirredorganic C in the treatment of 20W didn't differ significantly
evenly, and was then incubated for two weeks. Watering wagwith those in 15W but significantly higher than those in the

done every day to 80% field capacity. After two weeks treatment of 10w, 5w and.OW. The addition of organic
waste increased total organic C content by 7-24%. Higher
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organic C content in organic material treatments can occuris in agreement with the results of the Hueso et al., [34] and
due to the direct influence of additional C from organic Angelova et al. [35] which found that humid acid in soil
materials themselves and indirect organic C inputs from treated with organic fertilizers such as compost was higher
increased production of organic matter which includes rootthan that of non-composted soils where the increase in
and plant residues [29]. Organic C is a major component ofhumid acid in the soil was derived from the given compost.
soil organic matter in which enhancement in total organic The humification process of organic C can only occur when
soil C represents an increase in soil organic matter contenessential nutrient elements (N, P, S) are available [36].
[27]. Tadesse et al., [30] also reported that an increase in
organic C of 2.16% only occurred with the addition of 15 t m
ha® chicken manure while the synthetic fertilizer N and P 3s
could not increase the soil organic C. 30
Labile organic carbon is an easily decomposed organic C =
fraction and exhibited greater sensitivity than the total

29
OTotal ergamic C
organic C and humid acid C (Fig. 1). Sensitivity index for £ i}, Humicacid C
total organic C, humid acid C and labile organic C due tothe £ s W Labile organic C
treatment of organic waste were 7.26-23.62%, 5.18-26.94%, o ‘ ‘ ‘
5W

and 13.33-35.56%, respectively. The sensitivity index 1w 1w 20w

demonstrated that the treatments resulted in greater variation Treatment

in labile Orga“'C_C fraction compa_red with _the total _organlc Fig. 1. The sensitivity indexes of total organic C, humid acid C and labile
C and humid acid C [28]. The labile organic C fraction was organic C due to the organic waste treatment

increased with increasing doses of organic waste while the
treatment of synthetic fertilizers showed no significant : . . .
difference to the labile organic C fraction. Mirsky et al., [31] B. Effect of Organic Waste and Synthetic Fertilizers on Soil

also reported that organic fertilizer treatment produced PH, N, P, K, Al'and CEC

higher soil labile organic C contents (0.551 - 0.608 g)kg No significant interaction between organic waste and

compared with the treatment of synthetic fertilizers (0.467- synthetic fertilizer treatment on soil pH, total N, available P,

0.526 g kg). The change of the labile organic C fraction €xchangeable K, exchangeable Al and CEC. The simple
could be attributed to an initial hint of soil degradation or effects of each factor showed that the significant increases in
improvement as a result of management practice [27]. ThisPH, total N, available P, exchangeable K, and CEC occurred
fraction probab|y includes Compounds generated by with the organic waste addition, whereas the use of synthetic
biological metabolization, but this fraction is discovered in fertilizers could only increase the available P and

the early stages of stabilization with soil components [32]. It €xchangeable K significantly (Table 7). The values of pH,

consists of more dynamic compounds related to the rapidtotal N, available P, exchangeable K, and CEC showed an
biological activity and is being an energy source for soil increasing trend with increasing dosage of organic waste
food webs that greatly affects nutrient cycles [27]. addition. The significant decrease of exchangeable Al

occurred with the addition of organic waste while the

Sensitivity index (%0)

EFFECT OFORGANICWASTEX':I\E;EN\'I/':—!ETIC FERTILIZERS ONTOTAL Synt_h_etic fertilizers did not decrease exchangeable Al
ORGANIC C, HUMID ACID C, AND LABILE ORGANIC C significantly.
_ _ Increased soil pH with organic waste treatment
Treatment or;-;);?(l: c ggirg'g orléztr):ils c corresponds to the results of other studies, where soil pH
g kg increases occur with organic .fert|I|zer apphcatlon [371-[39]. .
Organic waste Some mechanisms that can increase soil pH due to organic
oW 1736 ¢ 3860C 0.451 d matter are oxidation of organic acid anions from
5W 18.62 C 2.06 be 0512 c decomposed organic matter, ammonification of organic N
10W 19.88 b 432D 0556 b and specific adsorption of organic molecules generated
15 W 20.79 a 482 a 0.581 ab during decomposition [38]. An increase in pH by adding
20 W 21.46 a 4.90 a 0.605 a manure to acid soils may occur due to proton exchange
Synthetic fertilizer between soil and manure added wherein functional groups
0 19.79 a 4.33a 0.538 a on organic materials such as carboxyl can bind and
05R 19.10 a 4.39 a 0.543 a discharge protons that depend on soil pH [39].
R 19.98 a 4.46 a 0.542 a Exchangeable Al content was decreased with the organic

The values followed by the same letter of vertical direction do not \waste addition. This could be related to the role of humic
differ significantly using DMRT aé = 0.05 acid from organic matter of the organic waste. The
mechanism of decreasing Al in solution by humic acid is
Increased humid acid C with organic waste treatmentthrough the formation of a complex compound of humic

showed an increase in sequestration of C in the soil.acid-Al and precipitation of the complex compound [40].
Increased humid acid C also represents an increase in one of |ncreasing content of soil N, P, and K due to the addition
the stable soil C fractions and an important indicator for soil of organic waste is due to the process of decomposition of
C stabilization [12]. Rivero et al. [33] reported that the organic waste, which contributes nutrients to the soil. In
enhancement in soil organic C was related to a raise inaddition, the application of organic fertilizer to the soil also
humid acid C fraction and the compost quality applied. This increases the content of macro and micronutrients [41].
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Tadesse et al., [30] also reported that a rise in soil N and Rloses of organic waste and synthetic fertilizer showed an
after the addition of chicken manure was due to increasing trend of soybean yield.

decomposition of chicken manure added to the soil. The The synthetic fertilizer treatment of 0.5R and R increased
treatment of synthetic fertilizer increased available P andthe dry weight of seed and shoot significantly compared to
exchangeable K significantly but could not increase the pH,0OR. Nevertheless, the 0.5R treatment didn't differ
total N and CEC. Increased P and K were derived from SP-significantly from the R treatment. Compared with OR, the
36 and KCI fertilizers added to the soil and residues of 0.5R and R treatment produced the same increase of the dry
nutrients used after crop harvesting. However, urea as aweight of seed and shoot by 113 and 133% respectively. The
source of N fertilizer is easily lost because it easily dissolvesdry weight of root increased by 52 and 140% with 0.5R and

and undergoes leaching and volatilization. R treatments compared with OR.
TABLE VIl The organic waste combined with synthetic fertilizers
EFFECT OFORGANIC WASTE AND SYNTHETIC FERTILIZERS 15W + R was significantly different from 15W but did not
ON SOIL PH, TOTAL N, AVAILABLE P, EXCHANGEABLE K, EXCHANGEABLE differ significantly from 15W + 0.5R and 20W + R on the
AL, AND CEC dry weight of seed and shoot. The dry weight of seed and

shoot in the 20W+ R treatment were not significantly

- oain | avp | Exc K g‘ cEC different from the 20W + 0.5 R, 20W and 15W + R but
g H ' ' > significantly higher than the 10W + R, 10W + 0.5R, 10W
3 P and 5W. The 10W+R treatment showed significant
A % ppm | cmol kg Ckm_?' cmol kgt differences in root dry weight compared with 10W + 0.5R
9 and 10W treatments. However, at higher doses of organic
Organic waste waste, 20W with or without synthetic fertilizers, the
ow 486d | 0135c | 3.98d | 0.1lc | 1.94a| 8.20d treatment of organic waste alone and with synthetic

5W 5.04cd| 0.134c | 4.57cd 0.12c 1.66b 9.99c

fertilizers showed no significant difference. The dry weight
10W | 5.10b [ 0.142b | 5.16bc| 0.12c [ 1.64b| 10.03bc

15w T509bcl 0142b 1T 5570 | 0.186 | 155c| 12030 of root in the 20W+ R treatment was not significantly

20 W 517a | 0.153a | 7.73a 021a | 1.41c| 13.56a different from the 20W + 0.5R, 20W and 15W + R but was
Synthetic fertilizer significantly different from 10W + R. In general, no
0R 507a | 013a | 442b 1 0.12b | 1.68al 1044a significant difference was found between the addition of
0.5R 5.05a | 0.144a | 5.80a | 0.15ab | 1.61a| 10.48a organic waste alone and organic waste combined with
R 503a | 0.143a| 599a| 0.18a | 1.63a| 11.36a synthetic fertilizers at the same dosages of organic waste on
The values followed by the same letter of vertical direction do not the dry weight of the seed, shoot and root.
differ significantly using DMRT a = 0.05 Organic waste combined with synthetic fertilizers

provided a greater increase in soybean yield compared to
The increase of CEC by the organic waste is attributed tosynthetic fertilizers without organic waste, which increased
the increase of organic C and humid acid C. The results ofthe dry weight of soybean seeds by 185% (5W + R) to 262%
this study were in accordance with the results of Soares and15W + R) compared with control. The dry weight of shoot
Alleoni [42] reporting that soil C was increased as the soil C and root in organic waste treatment with synthetic fertilizer
content increased where the increase in CEC caused by aimcreased by 185-261% and 154-206% compared with
increase per soil organic C unit is more than 60 times highercontrol.
than the increase caused by the clay fraction raise in Oxisols Increment in the dry weight of seed, shoot and root due to
and Ultisols. Bulluck IIl et al., [19] reported that the soil the addition of sole organic waste or synthetic fertilizer or
organic C content and CEC following organic fertilizer organic waste combined with synthetic fertilizer was caused
addition were 1.90% and 7.97 cmolkigigher than those of by nutrients derived from organic waste and/or synthetic
synthetic fertilizer i.e. 1.17% organic C and 6.05 cmotf kg fertilizer such as Urea (45 % N), SP-36 (36%9& and KClI
CEC. Yilmaz and Alago6z [43] also found an enhancement in (60% K,O). The treatment of organic waste alone or together
soil organic matter and CEC by the addition of chicken with synthetic fertilizer gave the higher yields of soybean
manure. Most of the charges that contribute to CEC arecompared with the treatment of synthetic fertilizer. These
derived from the humus fraction [44]. results were in line with other studies. In their study
The treatment of 0.5R and R increased available PMajumder et al., [45] found higher wheat straw biomass,
significantly compared with 0 R. However, the 0.5 R root, and grain in the treatment of synthetic fertilizers NPK +
treatment was not significantly different from the R. The soil organic fertilizer compared with synthetic fertilizer NPK
K content in R was significantly higher than 0 R but not without organic fertilizer and without treatment. Duong et al.,
significantly different from the treatment of 0.5 R. Increased [46] found two to four-fold increase in dry weight of wheat
soil available P and K were derived from P (SP-36) and K shoot with compost while the increase in the root dry weight
(KCI) fertilizers added to the soil. was obtained by 5 to 78%. Increased yield of crops with
. . - organic manure was followed by an increase in soil C and N
C. Effect of Organic Waste and Synthetic Fertilizers on content, while the increase in crop yields by synthetic
Soybean Yield fertilizer was not followed by an increment in organic C and
The addition of organic waste and synthetic fertilizers N soil [47]. From the result of their research, Zhang et al.
showed significant interactions in increasing dry weight of [48] discovered that NPK + organic manure significantly
soybean seed, shoot, and root (Tables 8, 9 and 10). Increas@ficreased rice production by 24% higher than the yield in the
NPK fertilizer treatment without organic fertilizer. The main
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benefit of organic fertilizer to increase crop production is the organic C, humid acid C, labile organic C, pH, total N,
capability of organic fertilizers to ameliorate the soil available P, exchangeable K and CEC, and decreased

physical,

biological,

and chemical

properties through exchangeable Al, while synthetic fertilizer addition only

enhancing organic substance and nutrient availability [49]. increased P availability and exchangeable K, but could not
Organic materials can hold cations for crop needs andreduce exchangeable Al. The sensitivity of labile organic C
protect them from leaching [50].

EFFECT OFINTERACTION OFORGANIC WASTE AND SYNTHETIC FERTILIZERS

TABLE VIl

ON THEDRY WEIGHT OFSEED

Treatment OR 0.5 R1 R
g pot
ow 3.12 Bd 6.64 Ac 7.26 Ac
5w 7.31 Ac 9.39 Ab 8.90 Ab
10W 9.25 Ab 9.60 Ab 9.65 Ab
15W 10.00 Bab 10.22 ABab 11.28 Aa
20W 11.06 Aa 10.93 Aa 11.23 Aa

was greater than total organic C, humid acid C so that labile
organic C showed a better indicator of the change from the
accumulation of soil C owing to the treatment of organic
fertilizer. The treatment of organic waste and synthetic
fertilizers showed significant interactions on the dry weight
of shoot, root, and seed, where the addition of organic waste
(15-20 t h&) plus synthetic fertilizers provided the largest
increases in the dry weight of seed, shoot, and root, which
reached 262%, 261% and 206% respectively. Increased
soybean yield with the organic waste addition followed by
improved soil quality indicates the important role of organic
waste as an organic fertilizer in enhancing the productivity

The values followed by the same lowercase letter of the vertical direction or of the soil.

the same capital letter of the horizontal direction do not differ significantly

using DMRT afe. = 0.05

EFFECT OFINTERACTION OFORGANIC WASTE AND SYNTHETIC FERTILIZERS

TABLE IX

ON THE DRY WEIGHT OF SHOOT

Treatment OR | 0.5 R1 R
g pot
ow 3.31Bd 7.04 Ac 7.70 Ac
5w 7.75 Bc 9.96 Ab 9.44 Ab
iow 9.81 Ab 10.18 Ab 10.23 Ab
15w 10.60 B ab 10.84 ABab 1196 Aa
20W 11.73 Aa 1158 Aa 11.90 Aa

The values followed by the same lowercase letter of the vertical direction or
the same capital letter of the horizontal direction do not differ significantly

using DMRT afo = 0.05

EFFECT OFINTERACTION OFORGANIC WASTE AND SYNTHETIC FERTILIZERS

TABLE X

ON THEDRY WEIGHT OFROOT

Treatment OR | 05R T R
g pot
ow 1.34 Bc 2.03 Bd 3.21 Ab
5W 3.24 Ab 3.45 Ac 3.40 Ab
10W 3.46 Bb 3.66 Bbc 3.88 Aa
15W 4.02 Aa 3.94 Aab 4.06 Aa
20W 4.01 Aa 4.04 Aa 4.10 Aa

The values followed by the same lowercase letter of the vertical direction or
the same capital letter of the horizontal direction do not differ significantly
using DMRT ato = 0.05.

The study results indicated a rise in soil organic C and

nutrients (N, P K) because of the addition of organic waste (8]

alone or combined with synthetic fertilizer, while the
addition of synthetic fertilizers can only increase available P
and K. In addition, the addition of organic waste also

increased soil CEC and reduced exchangeable Al, which is[10]

toxic to the soybean crop. Improvement of crop yield owing
to the addition of organic waste that exceeds synthetic
fertilizer shows an important role of organic waste as an
alternative organic fertilizer.

V. CONCLUSIONS

The addition of organic waste and synthetic fertilizers
showed no significant interaction on soil chemical properties.
However, the addition of organic waste increased total
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