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Abstract: This research aimed to study property following the organic fertilizer standard of Department of
Agriculture (std. DOA) of six leonardite - based organic fertilizers (SuperlLeo) obtained by mixing 40 - 45 % by
weight of leonardite and 55 - 60 % other additives i.e. rice husk biochar (25 - 35 %) or peanut shell biochar
(25 - 35 %) + rice bran (25 %) or soybean meal (20 %) + dolomite (0 - 10 %). The release kinetics of extractable
(Water - ext.) N, P and K by deionized (D), acid or alkaline water were determined at various desorption time
periods (DT) to be used as a preliminary information to assess the environmental impact. Results showed
that all fertilizer formulas had organic matter contents ranged from 28 to 46 %, higher than the std. DOA
value (20 %). The properties of all fertilizers met the std. DOA, except pH and germination index values in
some formulas. The release patterns of Water - ext. N, P and K were different from each other. The release of
Water - ext. N was slow, and the relative release (RR) was < 0.5 % at every DT. The release of Water -ext. P was
initially slow and increased with increasing DT. The RR varied from 0.2 to 70 %. The Water - ext. K released
rapidly and trended to decrease with increasing DT. The RR ranged from 43 to 80 %. The amount of Water-ext.
N, P and K were highest when extracted by DI water while alkaline water could extract the lowest amount of
Water-ext. P. Based on the fertilizer's properties and the Water-ext. N , P and K release patterns, the SuperLeo

fertilizers could be considered as an environmentally friendly fertilizer.

Keywords: Leonardite, organic fertilizer, alkaline soil, biochar, plant nutrient release
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Table 1. Formulation of leonardite - based organic fertilizers

Fertilizer formula Leo RHB PNSB SBM RB Dolo
1 SuperLeo 1 45 % 35% 0 20 % 0 0
2 SuperlLeo 2 45 % 25 % 0 20 % 0 10 %
3  SuperlLeo 3 40 % 25 % 0 0 25 % 10 %
4 SuperLeo 4 45 % 0 35 % 20 % 0 0
5 SuperLeo 5 40 % 0 25% 0 25% 10 %
6 SuperLeo 6 40 % 0 35% 0 25% 0
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Figure 1. Water extractable release kinetics of N, P and K in leonardite - based fertilizers using a batch technique
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L’E"ﬂu”l,mﬂﬂﬁuﬁﬂ’mmgmmmniu'fimmimwm
%'qzﬁﬁm”mgm SuperLeo 1 ua 6 1y udflaazien

SuperLeo 1

SuperLeo 5

fiepndn 5.5 udaunTRaw nnuszniszei]uri
mummmﬂmumﬂmmgm mﬂﬂmmmmu
mumnﬂmwmmumiﬂhﬂumumummm fa
nang lddnasiu
nsdandaassinlulnsiay naanasa uas
wunaide dquﬁﬂﬁ’ﬂ1ﬁﬁQﬂ£ﬂﬁﬁﬁLﬂ°ﬁﬁiﬁﬂﬂ
anileduvse
nantsAnwliuninisilanidasssnsg
N,Puay Kinanisaiadaeiin DI, acid water
uaz alkaline water 715582198n1941T A 30, 60 LA
120 w17 2991 aBun3d 34m9 Aa SuperLeo 1,5
LAz 6 (Figure 2) wanalu Figure 3 LazFa8azNNg
ﬂ@mﬂ@i@ﬂﬁmﬁwﬁzﬁ'quﬁ'mmﬂﬁﬂﬁ (ﬂ??mmﬁ
afpld B e R S i e duionse
m@qmﬁ;ffu 1 Wilausargns) wanaly Table 3 Ing
AINNANIIAN®1 wudn grluuunisdandases
Water-ext. N, P 4ag K wansneiu Inanisdanians
Water-ext. N flan lndidaiufinnezazinainisarin
wazi A ndid sl 3 et teuTunmd
arinldRndn 50 fadnsusanlansy (Figure 3) 34
deAslunefifuinisdantdasduinguds
flanngrnaiidAn Water-ext. N <0.5 % pandaA1ann
flayaln (zhang et al., 2011) Lﬁ@ﬁmimwmm};m
mmmﬂﬂﬁ”’m’mqm (Table 1) an1iA2898 lawIs-
lasffuazdansalfin (Table 2) WinladdUsun N
uile SuperLeo 1 TaaudnurainnIndamaes
(wazlulaanfunaw)

SuperLeo 6

Flgure 2. Physical appearances of SuperLeo 1, 5 and 6
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Table 3. Water extractable N, P and K relative release percentage of leonardite - organic based fertilizers

Extraction SuperlLeo 1 SuperLeo 5 SuperLeo 6
time (min) Total Relative release Total Relative release Total Relative release
(mgkg") (%) (mgkg") (%) (mgkg’) (%)
DI Acid  Alkaline DI Acid  Alkaline DI Acid  Alkaline
N 30 0.12 0.07 0.05 0.38 0.22 0.36 0.33 0.29 0.30
60 2.1 0.08 0.06 0.05 11 0.44 0.35 0.39 1.5 033 028 0.31
120 0.08 0.07 0.06 0.41 0.39 0.45 033 031 0.32
P 30 3.85 417 2.93 1.38 1.73 1.39 1.03 119 0.82
60 0.29 1.97 1.82 0.45 0.7 0.49 0.75 0.21 1.0 030 0.29 0.22
120 70.3 58.2 24.3 24.3 241 9.88 179 156 6.12
K 30 60.7 57.7 60.6 72.6 75.9 79.7 616 585 614
60 0.71 44.0 43.4 47.5 054 579 57.0 62.5 0.7 446 440 48.2
120 54.9 51.7 53.3 704 68.0 70.1 557 524 541

A1 SuperLeo 5 uaz 6 Yunannazisan
LL@JLUI@‘]]’]?L‘]J@@HD‘JMN) (Table 2) delulnsianly
mﬂmma@NLmeavmﬂmuuﬂﬂlmﬂ crude protein
(Amissah et al., 2003; Ibanez et al., 2020; Patil et al.,
2016) gnxnsauludslemifunTuaaniunszuaLnng
ﬂ'@ﬂzﬁmmﬁﬂqauw?‘ﬁﬁdlﬂuimmuﬁLﬂuﬂiz‘fmu“fmﬂ
muﬂi:mumiﬁﬁmLﬂuﬂmmw%’ﬁ (Terlingen et al.,
2014) nnsdanilass luingianan crude protein ki
Tusrdnq anunsadantasslaunundi 30 Ju uazin
UNTHe 11 419 419719 ward1aine asnsnganiv
Burzel N lugiluesnsnaziluunsmdinanansisznay
sl Taemns (Okamoto and Okada, 2004) LaA4
Wdus ﬂu‘llmimuﬁﬁiuﬂﬂ%uw"&ﬂrﬁifamﬂm siilugil
fazaneninldtesuasdn mnﬁmwmvuﬂﬂmﬂuﬂﬁ
azanedn SN‘]J‘EWI&,@WE]VL@@EJ’N‘H’W I Vg0
ﬂimwﬁmwmmﬂﬂmemmm:wunummm'ﬂu na
LﬂumuuﬁmﬁqﬁﬁﬁﬁﬁymmﬂﬂﬁLﬂuﬁmﬁuﬁmfmﬁau
(Chen et al., 2018; Gau et al., 2020)
stuuunisdantlaes Water-ext. P ludle
yngasuaznneinvesind daiamileuiude
nsdantaasdnlugae 60 WAL (< 100 Naansu
Aanlaniu uar <2 % 189U3u104 total P,0,) WAz
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A9AATNITLZIAINIATA 120 WIT (< 2,100 HAANIH

o

siafilanin) luilavngnslsunn Water-ext. P iain
I§antinge 3 TALANGNITY BENANF LA DI>
acid water > alkaline water (Figure 3) ‘1Ja ¢l SuperlLeo
1561 Water-ext. P &NANE U199 0.4-70 % §4n31
1]t SuperLeo 5 uaz 6 fafldanisdandenduing
ot/ Tu199 0.2-24 %(Table 3) dlenFauaunisves
NAaINTTAT AW (60 W1H) UFunns Water-ext. P
sanuafianaldannile Superleo 1,5 ko 6 51 AN
<100 Haanfusenlaniy ﬁ?ﬁﬂdwﬂﬂﬁuﬁﬁwmﬂ
71m 111 Sharpley and Moyer (2000) 31819114413/ &
Fndaunsanuiliuuneanesasiany alddaus
2,600-40,000 Hadnsusenlansy wansneiwllnu
alndnTuazensidndldsuuazAn Water-ext. P
190187 60 WT TN 1,630-8,520 RaAnsy
afitaniu Kieinman et al. (2005) d199a1]uyadnd
140 Wte WU U3uN0u Water-ext. P 328121901
nsaria 60 unaesi|adAnaglutas 200-16,780
ﬁ@ﬁﬂi”wi@m@ﬂﬁfu (4-94 % 233U unaanasa
mwm) u@nmﬂummwmmmm Liang et al. (2014)
ANLT1 Water-ext. P R3281£10010174170 60 UNT
luflayalaminiy 762 Haaniuseniania Fraru
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Figure 3. Water extractable release kinetics of nitrogen, phosphorus and potassium in SuperLeo 1, 5 and 6
(Data corresponds to means + SD values, N = 3)
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