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Abstract: In the Philippines, under an integrated and difiexsi system of farming called
Palayamananrice hull biochar (carbonized rice hull) has adbuses. Among other things, it is
popularly used as soil conditioner and as maineidignt in the production of organic fertilizers.
It is also used as bedding or absorbent materitdititate urine and manure collection as well as
help eliminate foul odor in poultry, swine and kteck. Once saturated, it is collected and applied
to the soil as fertilizer. This study tries tother explore more uses of biochar and was generally
conducted to determine the effects of rice hullchar on the growth of upland kangkong and
peanut and its effects on residual properties ofdgdoam soil. Specifically, it aimed to (a)
determine the appropriate level of rice hull biatha peanut and upland kangkong grown in
sandy soils, (b) evaluate N, P and K uptake of peand upland kangkong with different rates of
rice hull biochar grown in sandy soils, and (c)laage the nutrient holding capacity of rice husk
biochar in sandy soil. The experiment was caroietlin a sandy loam with the following particle
size distribution: 71.22% sand, 20.41% silt, ar&¥786 clay; had a pkt, of 4.93, 0.64 % organic
C, 0.16% total N, 1.53 mg Kgextractable P, 2.88 cridkg™ soil exchangeable Al, 3.08 criidig™

soil exchangeable acidity, 0.25 crhély* soil exchangeable K, 3.57 criiddg™ soil exchangeable
Ca, 1.38 cmdlkg™ soil exchangeable Mg, and 0.25 cinkd* soil exchangeable Na. There were
six treatment combinations from levels of amendn{@ntL0, 20, 30, 40 and 50 g kgoil). The
processed biochar was applied at levels specifietié treatment on oven-dried weight basis. It
was added and mixed well with the soil just immealiabefore filling the pots. The pots were
allowed to stabilize for 3 days before plantingariket application of 70 mg each of NZ,Og and

KZO kg soil using urea, solophos and muriate of potask dene five days after seedling

emergence. Urea and muriate of potash were appbedqueous solution while solophos was
applied as granules. Alinear trend in the limiregefit and positive change in gdiwith biochar
application were observed in two “plant biotestpesially at higher levels (30, 40 and 50 g'kg
soil). On the other hand, the positive change imagkable P due to residual effect of rice hull
biochar application was obtained even at 10 andy 2@ soil in both upland kangkong and
peanut. In peanuts, direct effects of applicatiburecharred or charred poultry litter resulted in
better plant growth, nodulation, biomass, and kaketthan the control plants. From the results of
the study, it can be concluded that the applicatibbiochar can enhance fertility of acid sandy
loam soil. The rice hull biochar holds nutrient pface that is needed for plant growth and
development. Application at 30-40 g kgoil appears to be the most appropriate rate folm bo
upland kangkong and peanut grown in acid sandy leaifs.
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Introduction

production (Guevarra, 2007). The country’s incnegspopulation heightens the demand for food thus,
adding pressure to agricultural lands. When infesgsland utilization is not accompanied by apprafer soil
and crop management strategies, most certainlfextility and productivity is adversely affectdg@nvironmentally

The Philippines is predominantly an agricultural moy with 30% of its total land area is devotedctop
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sound management of organic matter and nutriemtisddin improve physical, chemical and biologicatilfey of
acidic sandy soils is a major challenge.

Plant (eg. peanut and kangkong) requires nitroggn ghosphorus (P) and potassium (K) in large anwfor its
growth and development (Wiederholt and Johnson5R08itrogen is a constituent of all proteins, cblshyill,
nucleic acid, amines and amides. Its role in phattition has been recognized to be connectedagtbduction of
chloroplast and promotion of photosynthetic carlabhte in plants which results to vigorous vegetatirowth
associated with dark green leaf, higher yield angroved crop quality (Follet et al., 1981). Phogpisp on the
other hand, is important in energy storage andsfeasinit influences plant growth by stimulating efgus root
growth which accounts for better utilization of thetrients. In legumes, P plays a key role in waiphysiological
processes concerning root production, nodulatieedsformation and improvement of seed quality (Roah,
1991). In addition, N fixation and survivall rhizobiain soil are particularly affected by low P (Grahamd Vance,
2003). N and P requirement of plants can be metfplying fertilizers and manure. However, manured a
commercial fertilizers have a vastly higher concatiin of soluble N and P which easily dissolved Braches into
run off water as it passes over the surface offiddd. The leached nutrients may contribute to giwater
contamination especially in regions with intensaggiculture. This scenario is worsen in sandy doélsause of its
very low water and nutrient holding capacity thesndering N and P unavailable for plant uptake (Reand
Lehmann, 2004). Recognizing these limitations, othanagement options including the applicationiothar (e.g.
rice husk biochar) offers practical solutions tgmove soil fertility of sandy soils.

Biochar is the carbon-rich product obtained whesntziss such as woods, bark, leaves, and manureatisdnin a
closed container with little or no available airid a fine grained charcoal high in organic carpooduced through
pyrolysis of carbon-based feedstock (biomass) énattisence or low supply of oxygen at temperatugbsden 350
and 700°C (Lehmann et al. 2010; Jenkins and Jenkinson.)2ab@ process of charring mirrors the productibn o
charcoal. However, it distinguishes itself from wal by the fact that biochars are produced aseans of
improving soil productivity and carbon (C) stora@eehmann, 2006). The aromatic structure of bioctsar
responsible for its recalcitrance and potential lfarg-term C sequestration (Atkinson et al., 20148. a soil
amendment, biochar creates a recalcitrant soild that is C-negative, serving as a withdrawaltai@spheric CQ
stored in highly recalcitrant soil C stocks (Glaseml., 2002). It can sequester or store C instiieranging from
hundreds to millions of years (Lehmann et al., 20@har-amended soils also have shown 50-80% rietscin
nitrous oxide emissions (Cox et al., 2001). In ddito increasing the stable C stocks in a sbéré is increasing
evidence demonstrating that biochar as soil amentaiso increases nutrient availability beyond réilieer effect
(Chan et al., 2008). Biochar has been found to behmmore efficient at improving soil quality thanyaother
organic soil amendment (Lehman and Joseph, 20G9)io@t a. 1981 discussed that rice husk charashtporous
structure which contributes to aeration and wad¢ention, which in turn enhances water and nutrfespecially
nitrogen and phosphorus) retention. In additionmproving soil fertility, biochar also improve thsmil physical
conditions.

Rice husks production amounted to 3.2 M mt per.y&apresent, the conversion of rice hull or hustoibiochar.
Rice hull had been used as fuel for heating (erging of palay). Its conversion into biochar isalgopular to
farmers practicing?alayamananPalayamanaris an integrated system of farming which highligtiteersification
of farm components such as rice and other cropsstiock and fish (Orge and Abon, 2011). In this etpdce husk
biochar (RHB) plays important part as it used ascamditioner and additives of organic fertiliz&¥hile rice husk
biochar or carbonized rice hull had been used bmdas and garden enthusiasts for decades, vergtigties had
been undertaken especially in Philippine settifigis study aims to evaluate the effectivity of RiHBpeanut and
upland kangkong growth. The CRH that will be used by-product of PhilRice continuous-type rice (GITRH).
Appropriate level of RHB is very crucial in its djgation to plants. It is hypothesized that CRHgseln enhancing
the fertility status of sandy soils.

Objectives

1. To determine the appropriate level of RHB for paamnd upland kangkong grown in sandy soils.

2. To evaluate N, P and K uptake of peanut and upkamtikong with different rates of rice hull biochar
grown in sandy soils.

3. To evaluate the nutrient holding capacity of ricskbiochar in sandy soil.
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Time and Place of the Sudy

This study utilized an alluvial sandy loam soil fraTalavera, Nueva Ecija, Philippines. The pot expent was
conducted in a screen house of the Plant Breediddg#@technology Division, Central Experimental tita (CES)

PhilRice, Science City of Mufioz, Nueva Ecija, Ripines. The analyses of soil and plant tissue sssnpere done
at the Soils Research Testing and Plant Analysisotagory (SRTPAL) of the DASS and at the PhilRoopsr
Central Analytical Service Laboratory.

Review of Literature

Biochar is the carbon-rich product obtained whemtziss such as woods, bark, leaves, husk, and nsasureated
in a closed container with little or no available & is a fine grained charcoal high in orgas&rbon produced
through pyrolysis of carbon-based feedstock (bi@has the absence or low supply of oxygen at teripees
between 350 and 780 (Lehmann et al. 2010; Jenkins and Jenkinson.)2a0®& process of charring mirrors the
production of charcoal. However, it distinguisheselif from charcoal by the fact that biochars amedpced as a
means of improving soil productivity and carbon @®rage (Lehmann, 2006). The aromatic structutd@axfhar is
responsible for its recalcitrance and potential lforg-term C sequestration (Atkinson et al., 20145. a soil
amendment, biochar creates a recalcitrant soildT that is C-negative, serving as a withdrawaltai@spheric CQ
stored in highly recalcitrant soil C stocks (Glastml., 2002). It can sequester or store C instiieranging from
hundreds to millions of years (Lehmann et al., 30@har-amended soils also have shown 50-80% riehscin
nitrous oxide emissions (Cox et al., 2001). In &ddito increasing the stable C stocks in a sbéré is increasing
evidence demonstrating that biochar as soil amentiaiso increases nutrient availability beyond réilizer effect
(Chan and Xu, 2009). Biochar has been found to behnmore efficient at improving soil quality thanyaother
organic soil amendment (Lehman and Joseph, 2009).

Biochar additions to soil can significantly increabe levels of key plant nutrients such as N afideAmann et al.,
2006). The quantities of these nutrients addech¢osbil depend on the chemical and physical prigsedf the
biochar and the quantity added (Atkinson et al1@0The effect on nutrient availability from biahapplication
has been attributed to changes in soil chemicalogical and physical properties (Tagoe et al.,.820ovak et al.,
2009; Lehman et al., 2010). Biochar soil applmasi increase soil pH, CEC and N retention, and edeer Al
saturation of acid soils (Novak et al., 2009).

In nonlegumes, Enderes (2010) found that increasites at 0, 10 and 20 g kspil of biochar application resulted
in a linear increase in plant height, biomass, tatel N uptake of 49 day old corn.

Macro-and micro-faunal population and soil biogemistry can also be affected by biochar. Both biwcind
organisms are important in various ecosystem sesvimontributing to sustainable plant productiomsgstem
restoration, and soil C sequestration and hendgatiitn of global climate change (Warnock et abQ?2). Biochar
can provide suitable habitat for microorganismsabse of its high internal surface area and itstghid absorb
soluble organic matter, gases and inorganic nugi€hheis and Rillig, 2009). Hence, biochar appiara would
likely favor high survival and activity of microbidgnoculants such as rhizobia and mycorrhizal fuagid
consequently, increases N and P availability. Ro{2010) noted that application of peanut hull ciia20 g kg soil

in combination withRhizobiunsp. or arbuscular mycorrhizal fungi significanthgieased plant N concentration and
N uptake. Thus, the agricultural benefits from dhia and arbuscular fungi in sandy soils can beenemhanced
with biochar application. It enhances population Rifiizobium, microsymbiont of legumes, nodulation and
consequently affects amount of N fixed. A studyRullon (2010) revealed a linear increase in nodudéght of
peanut grown in strongly acidic soil with the apption of increasing peanut hull char levels (0,abd 20 g kg
!soil). In common bean$haseolus vulgarjs Rondon et al. (2007) found that the proportionigéd N increased
from 50% without biochar additions to 72% with 98igchar kg soil added. The increase in the amount of N fixed
was attributed to greater B, Mo, K, Ca, and P abdlity as well as higher pH and lower N availaliland Al
saturation with the application of biochar. SinlijaNishio and Okano (1991) found that BNF determirby N
difference was 15% higher when bio-char was addesbil at the early stages of alfalfa developmert 227%
higher when nodule development was greatest.

Biochar additions have been found to increase @dtion rates of the host plant roots by AMF (I<dmid Kadoya,
1994). Biochar serves as a habitat for extraradigphae that sporulate in its micropores due tcelogompetition
from saprophytes (Saito and Marumoto, 2002). Expenits conducted by Matsubara et al. (2002) probedl t
biochar addition increased the ability of AMF tsiastheir host in resisting infection by planttpagens.
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Materials and M ethods

Sail Coallection, Preparation and Analyses

Bulk samples of alluvial sandy loam soil from 0-@@ depth was collected from Talavera, Nueva E&idlippines.
Prior to any treatment, the bulk soil samples warairied, pulverized and passed through a 4-mwesi€he soil
texture was sandy loam with particle size distitrutof 71.22% sand, 20.41% silt, and 8.37% clayosamples
were taken subsequently for chemical analysestandest were prepared for bagging. The subsamptehémical
analyses were again passed through a 2-mm sietleefdollowing analyses:

1.

2.

Soil pH. This was analyzed following the potemtetric method using 0.01 M Kg&s diluent (pH Cag)
respectively (PCARR, 1980).

Organic carbon (OC). This was determined usheg modified Walkley-Black method (Nelson and
Sommers, 1982).

Total N. This was determined using the Micr@ldahl method (Bremner and Mulvany, 1982).

Extractable P. This was determined throughBhay P-2 extraction method using 0.1 N HCI arg8N
NH4F extractant (Olsen and Somners, 1982). The amolm in the extract was quantified by the
ascorbic-molybdate method (Murphy and Riley, 1962).

Exchangeable K, Ca, Mg, and Na. The exchangdaddes was extracted using the Ammonium Acetate
Method (ISRIC, 1995) and was quantified using themic Absorption Spectrometry (AAS).
Exchangeable Al and Acidity. These were deteemliusing the Potassium Chloride method of Thomas
(1982).

Plant and soil samples were taken from each optie and air dried. After air drying, soil samplesre sieved (2-
mm) and 20 g subsamples from each of the two patdrpatment per replication were mixed thorougblynake
the composite sample and analyzed for soil pH, @@l N and extractable P using the previously dbed

methods. Initial soil properties

For determination of initial characteristics oflsttie air-dried subsample was analyzed for .plgaoic C, total N,
extractable P exchangeable acidity and exchangéalgts of Al, K, Ca, Mg and Na, and cation excleogpacity.
The methods and results of these analyses are sugechan Table 1.

Experimental Design

There were 6 treatment combinations with diffedenels of rice husk biochar (0, 10, 20, 30, 40 &A3dy biochar
kg™ soil). Each treatments were replicated 4 times\aack arranged in randomized complete block desigm.
plant “biotest™ were used (peanut and upland kamgko

see next page
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Table 1. Initial properties of the soil

Property Method Value
pH (1:2.5 soil to 0.01 M KG) Potentiometric (PCARR, 1980) 4.93
Exchangeable Al (cmbkg™ soil) Potassium chloride (Thomas, 1982) 2.88
Exchangeable Acidity (cmbkg™ soil) Potassium chloride (Thomas, 1982) 3.08
Organic C (%) Modified Walkley Black (Nelson and 0.64

Sommers, 1982)

Total N (%) Modified micro-Kjeldahl (Bremner and 0.16
Mulvaney, 1982)

Extractable P (mg ksoil) Olsen extractant (Olsen and Sommers, 1.53
1982) and quantified by Ascorbic acid
method (Murphy and Riley, 1962)

Exchangeable bases (crhi™” soil) Ammonium acetate method (ISRIC, 1995)
K 0.25
Ca 3.57
Mg 1.38
Na 0.15
CEGCefrecive (cmol” kg soil) 8.43

The carbonizer used in the study

Figure 1 shows the PhilRice continuous-type rick (@tRH) carbonizer which was used in the studyisTis made
of 2mm thick Bl metal sheets with body dimensionld m x 0.8 m x 0.8 m. The carbonizer has a fetiglosed
hopper to make it able to operate during windy dors. The hopper houses the inverted V-partiimade of the
same 2mm thick metal sheet used for the sidingsdhwlorms an empty space once it is filled witherigull. This

empty space serves as the combustion chamber wharkustion takes place as the ambient air mixek thi¢

pyrolytic gases and those that are products offdete combustion. It is also where the materidiéaarbonized
is initially ignited during the start of the opéoat. The inverted V partition is designed to beilgagtetachable to
facilitate repair or replacement since it is the ¢dhat has the greatest chance of failure beingtieeexposed to
extreme heat. Also the air inlet where the amb&nenters is detachable to facilitate during stgrtoperation or
when re-igniting the combustion while already iremgiion (Orge and Abon, 2012).

Figure 1. The CtRH carbonizer.
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To start the operation, small amount of keroserspitnkled into the combustion chamber and theiitegn Once
the flame has become vigorous and stabilized, thalat is put in place. The heat generated atdbmbustion
chamber carbonizes the rice hulls in the immediatinity. Pyrolysis and partial combustion takesaq# and
progresses radially. Because of the suction etiethe chimney, the pyrolytic gases and those g#adr due to
partial combustion (most of which are combustibde® drawn into the combustion chamber where thay ge
combusted as the ambient air, coming in from therdét holes mixes with them, thus smokeless emissre
usually observed at chimney.

The opening at the bottom allows harvesting of dcharcoal once the carbonization zone has alreaayhes the
bottom part of the machine. The carbonizer caromosodate 6 sacks ~ (60 kgs) of rice hull with aerage
capacity of 24.2 kg/hr (Orge and Abon, 2012).

Pot Preparation and Bagging

Forty eight polyethylene bags (measuring 8 x 8 xwere used and referred to as pots in the succgesdictions.
Each pot was filled with 8 kg of non-sterilizedlsm air-dried weight basis.

Planting

For peanut, three seeds of peanut (UPL-Pn 2) wena sn each of the pots. Five days after emergetiee,
seedlings were thinned to one plant per pot. ptand kangkong, five seeds will be sown in eacthefpots. Four
days after emergence, the seedlings will be thinaedree plants per pot.

Figure 2. Uplang kangkong planted in polyethyleagin the screenhouse
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Care and M anagement

Plants were watered whenever necessary. Weedscim gat were removed manually immediately after the
emergence. Insects were also removed by handpicking

Harvesting

Peanut was harvested 43 days after planting whilend kangkong was harvested 25 days after planting plant

in each pot was cut close to the soil surface. ddils adhering to the roots were removed careflithe shoot and
roots were washed with tap water, rinsed with kistiwater and blot-dried using paper towel. Thelules of

peanuts were detached from the roots and set fisideunting and weighing. The remaining shoots auds were
W(()eoighed. The different plant parts were air-drieidipand then oven dried for three days in a fordeaft oven set at
70° C.

Plant Tissue Analysis

The oven dried samples were weighed and groundtiicke size of < 1 mm using a blender and weregaan
paper bags until used for analyses. Two gram sublsanfrom each plant of the two pots per treatnsant
replication will be mixed thoroughly prior to tissanalysis.

Plant Parameters Gathered

1. Plant Height (cm). This was determined wedkiymeasuring the height from the soil surface uhéotip of the
longest leaf until harvest.

2. Dry matter yield (mg plan). This was obtained by weighing the shoots, reois nodules after oven drying at
(70°C) for two to three days until constant weight vedsained. Dry weight of shoots, roots and nodulesew
combined to obtain the total dry matter yield planp

3. N, P and K uptake (mg pldit The amount of N and P uptake was determinewkipg the product of total dry
matter yield and their respective N and P contents.

Data Analyses

Statistical analysis was conducted using Statisfioal for Agricultural Research (STAR) version 2.0If found
significant, the treatment means were comparedgu3inkeys’s Honest Significant difference at 5% lewé
significance.

Results and Discussions

Effects of Rice Husk Biochar on Growth, Biomassand N, P, K
uptake of Upland Kangkong and Peanut

Plant biomass response to the application of nicg ibiochar and was observed to be statisticaliyicant (Table
1 and 2) which have probability values of 0.00000t0002. This implies that even at high applicatirRHB,
plants can still grow well.

For upland kangkong, application of RHB did notnéfigant affect N, P and K concentration. It colle possible
that the agronomic benefit of RHB was not yet emtdat the time the plants were sampled. While ianpe
application of RHB even at lower low applicatiord (¢ kg") significantly affect K concentration in plantscano
significant increase as levels increase. This iespihat 20 g kgsoil is already the threshold level.

See next page
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Table 1. Means of plant biomass, N, P, and K cotnagon of upland kangkong as affected by the kel rice
husk biochar application

Level of biochar

application Biomass N Concentration P Concentration K Concentration
(g kg*) (g plant!) (%) (%) (%)

0 3.83c 6.05 0.0474 3.95
10 5.70abc 6.31 0.0526 3.90
20 4.31bc 6.80 0.0535 4.01
30 7.77ab 6.84 0.0563 4.22
40 6.82abc 6.28 0.0566 4.24
50 8.51a 6.46 0.0556 4.36
Probability Value 0.0026 0.5662 0.18 0.1707
HSD (5%) 3.46 ns ns ns
c.v. (%) 24.47 10.73 4.47 6.92

Means with the same letter are not significantlffedet at 5% level of significance using Tukeys'orést
Significant Difference (HSD) Test

Table 2. Means of plant biomass, N, P, and K comagon of peanut as affected by the levels of hask biochar
application

Level of biochar

application Biomass N Concentration P Concentration K Concentration
(g kg*) (g plant) (%) (%) (%)

0 12.67b 5.18 0.0564 1.44b
10 23.65a 4.98 0.0521 2.08ab
20 21.67a 4.79 0.0550 2.35a
30 23.00a 4.86 0.0550 2.30a
40 24.02a 4,94 0.0554 2.56a
50 23.02a 491 0.0560 2.51a
Probability Value 0.0000 0.5767 0.2077 0.0009
HSD (5%) 3.97 ns ns 0.68
c.v. (%) 8.06 3.99 4.30 13.47

Means with the same letter are not significantlffedét at 5% level of significance using Tukeys'orést
Significant Difference (HSD) Test

Nodulation was enhanced by the application of RidBeeially at higher rate of application. The rateyplication
affected the nodule formation with very high proitigbvalues of 0.0003 and 0.0001 for number andghe of

nodule respectively (Table 3). The improved nodotai.e. production of heavier nodules due RHBI@ption

could be attributed to the increase in soil pH,hexgeable Ca, reduced availability of exchangeable and

increased availability of P. Numerous studies hembrted reduced nodulation in acid soils (O’'Hana &lenn
1994, Ibekwe et al., 1997; Taurian et al. 199830Alow pH affects the production and excretioNofl metabolites
(Oldroyd, 2001). The pH sensitive stage in nodatatccurs early in the infection process and attesit to root
hairs is adversely affected by acidic conditions.
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Moreover, the increased P availability from RHB ligggion had contributed in nodule development and
functioning. Upon detaching the nodules, it waseobsd that nodules in RHB amended treatments wirer goink

or red in color while control treatments had whaderown color. According to van Rhijn and Vandgden (1995),
effective nodules are pink while white nodules iaeffective nodules. The production of effectivedotes in RHB
treated plants can be explained by the increasaiahility of P brought about RHB application. Rpborus is
essential for the development and function of théutes formed (Waluyo et al, 2004).

Table 3. Means of nodule number and weight of peasaffected by the levels of rice husk biochaliaption

Level of biochar application

(g kg?) Nodule Number Weight of nodule
(mg plant)
0 111.75b 42.15¢
10 276.50ab 81.25bc
20 374.00a 207.75ab
30 369.50a 254.85a
40 444.25a 333.90a
50 454.75a 278.10a
Probability Value 0.0003 0.0001
HSD (5%) 191.78 156.24
c.v. (%) 24.66 24.06

Means with the same letter are not significantlffedét at 5% level of significance using Tukeys'srést
Significant Difference (HSD) Test

Effects of Rice Husk Biochar on Soil Chemical Properties after Plant Har vest

Analyses on soil samples collected after harvestpignd kangkong and peanut showed that soipExtractable
P, exchangeable K and organic C were significardaffected by levels of application of RHB (Tabksand 5).
Regardless of the “plant biotest”, all these stiemical properties have a linear trend as levelsggfication
increases. The observed results revealed thatwith RHB holds nutrient in place and will notlleached easily. It
also shows its ameliorating capacity in acid sasulls.

Table 4. Means of soil pHc, extractable P, total N and exchangeable K aftgwdst of upland kangkong as
affected by the levels of rice husk biochar appidca

Level of pPH ke Extractable P Total N Organic C Exchangeable
biochar (mg kg (%) (%) K (mg kg")
application

(g kg*)
0 5.20ab 34.05c 0.0470 0.1165 20.42c
10 5.12ab 38.18 bc 0.0725 0.1860 21.35¢c
20 5.06b 41.33 abc 0.0740 0.1762 31.48cb
30 5.28ab 43.38 abc 0.0850 0.2313 87.86a
40 5.33ab 46.52 ab 0.0935 0.1970 107.29a
50 5.45a 48.32 a 0.0915 0.2288 109.85a
Probability 0.0262 0.0021 0.1404 0.0263 0.0000
Value
HSD (5%) 0.34 9.57 ns 0.10 13.91
c.v. (%) 2.45 9.93 31.61 23.68 9.61

Means with the same letter are not significantlffedét at 5% level of significance using Tukeys'srést
Significant Difference (HSD) Test
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Table 5. Means of soil pk,, extractable P, total N and exchangeable K afsevdst of peanut as affected by the
levels of rice husk biochar application

Level of pPH ke Extractable P Total N Organic C Exchangeable

biochar (mg kg (%) (%) K (mg kg")
application

(g kg?)
0 5.29ab 30.09¢ 0.8700 0.2450b 20.23c
10 5.19b 34.03bc 0.0700 0.2635b 21.92¢
20 5.16b 40.66ab 0.0653 0.3317a 24.89c
30 5.42a 40.47ab 0.0670 0.2820ab 30.64bc
40 5.44a 41.70ab 0.0535 0.2795ab 63.75ab
50 5.50a 44.69a 0.0655 0.2853ab 82.33a
Probability 0.0004 0.0005 0.5767 0.0466 0.0003
Value
HSD (5%) 0.2182 3.19 ns 0.07 4.59
c.v. (%) 1.78 9.62 36.06 11.97 4.29

Means with the same letter are not significantlffedét at 5% level of significance using Tukeys'srést
Significant Difference (HSD) Test

Summary, Conclusion and Recommendations

Two sets pot experiments were conducted to deterrhia effects of rice husk biochar (RHB) on thewgtoof
upland kangkong and peanut and RHB effects onuakjmtoperties of sandy loam soil.

There were six treatment combinations from levélsmendment (0, 10, 20, 30, 40 and 50 g &gil). The soil used
was sandy loam with the following particle sizetdbution: 71.22% sand, 20.41% silt, and 8.37%y;clead a

pHkcr Of 4.93 , 0.64 % organic C, 0.16% total N, 1.53 kgg extractable P, 2.88 cridkg™ soil exchangeable Al,
3.08 cmot kg soil exchangeable acidity, 0.25 crhélj® soil exchangeable K, 3.57 cridlg™ soil exchangeable
Ca, 1.38 cmdlkg® soil exchangeable Mg, and 0.25 civlag* soil exchangeable Na.

The processed RHB was applied at levels specifietie treatment on oven-dried weight basis. It a@dded and
mixed well with the soil just immediately befordifig the pots. The pots were allowed to stabifime3 days before
planting.

Blanket application of 70 mg each of NZCP5 and K20 kg® soil using urea, solophos and muriate of potash wa

done five days after seedling emergence. Urea amdata of potash were applied as aqueous solutibibew
solophos was applied as granules.

A linear trend in the liming benefit and positivieange in plc with RHB application were observed in two “plant
biotest” especially at higher levels (30, 40 andy3@j” soil). On the other hand, the positive changextraetable P
due to residual effect of RHB application was aieai even at 10 and 20 gkgoil in both upland kangkong and
peanut. In peanuts, direct effects of applicatibnrcharred or charred poultry litter resulted &ttbr plant growth,
nodulation, biomass, and K uptake than the copleoits.

Application of RHB can enhance fertility of acidnsly loam soil. RHB holds nutrient in place thaniseded for
plant growth and development. Application at 30gtBg” soil appears to be the most appropriate rate ftin bo
upland kangkong and peanut grown in acid sandy leaits.

RHB application can improve the chemical fertilitiyacidic sandy loam soil. However, a long-termdai up study
in field level is recommended to better understdedrole of this organic amendment in improving goiality and
in climate change mitigation.
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