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Abstract: Problem statement: Exchangeable ammonium (Bl could be recovered by humic and
fulvic acids from humic substances. The abilitytieése acids in fixing or retaining NHhas been
demonstrated in many findings and reports. Botdsacould affect the plant growth, nutrients uptake
by enhancing photosynthesis rate and root growthnanothers. Thus, in this study, the effect of both
acids (in liquid form) on soil exchangeable NHdry matter production and available nitrate gNO
was investigatedApproach: Humic molecules were isolated using standard phaess, followed by
liquid organic N fertilizers formulation. Organi@ased N fertilizers were applied to soil in potslat
Days After Planting (DAP) and 28 DAP. Treated saif&l plant parts were sampled at 54 DAP or at
tasselling stage. Soil samples were analyzed forapikinonium and nitrate content. The plant samples
were weighed to assess dry matter productesults: Under acid condition, organic based liquid N
fertilizers (fulvic acid or both, humic and fulviacids) increased accumulation of Nid soil. The
presence of carboxylic groups in humic moleculesdased N retention with increasing soil’s
stock labile carbon. However, low percentage of¢hacids reduced their full effect on dry matter
production. The availability of nitrate was nottittcally different for all treatments. Low soiHp
could had reduced nitrification processes and sanebusly soil N@ content.Conclusion: Liquid
form of humic and/or fulvic acids could play an ionfant role in enhancing urea efficiency. However,
their contribution needs to be studied in detailrétation to humic molecules characteristics. This
study had a potential in the development of licand foliar organic fertilizers.
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INTRODUCTION about the polluting effect of excessive use ofagién
fertilizers on the environment, improvement of uhta
In recent times, judicious use of fertilizaisavis  use efficiency in agriculture cannot be over
food safety and environmental pollution is of emphasized. One of the approaches that could ik use
paramount concern. For instance, unbalanced used af improve urea-N use efficiency is to mix it wihidic
urea (the most commonly used nitrogen fertilizer inorganic materials such as humic and fulvic acidglwh
agriculture) has created a global environmentaldss have the ability to retain NA ions from urea during
such as ammonia (N volatilization upon surface hydrolysis and at the same time reducing urea pH
applicatiod*?. Thus, a new approach is needed toduring hydrolysis. Some studies have shown positive
reduce NHloss while improving or increasing Urea-N results regarding the mixture of organic and mihera
use efficiency in agriculture. fertilizers. Increase in total organic carbon awdhalt
Ammonia loss is governed by soil factors such asitrogen was noted when compost was mixed with
pH, Cation Exchange Capacity (CEC), temperature anchineral fertilizers such as NPK fertilizer. Thisxnire
moisturé®. The amount of N loss ranges from 10-60%increased the stock of labile organic cafBorLabile
of the total N appli¢fl. With the ever growing concern organic carbon is known to play an important rale i
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providing plant nutrients as well as interfering in (T,), urea + liquid mixture of acidified HA + FA ],
aggregate stability under favorable conditfns urea + liquid mixture of unacidified HA + FA
Organic substances also have a good effect itiquid ammonium sulphate [(NI)}SQy] (T7) and control
controlling N loss from urea, even in small quaesit  (soil without any treatments) ¢l A total of 7.5 kg soil
thus this attempt was made to evaluate its effentigs  (based on the bulk density of the soil) was weiginéal
on maize. A previous study showed that Humic Acideach plastic pots measuring<d8 cm.

(HA) has a great effect in reducing N loss. Fotdnse The fertilizer requirement of the maize crop
the use of 0.75 g KYHA together with zeolite reduced (330.4 kg had' urea; 121.6 kg RA TSP; 107.2 kg Fa
N loss up to 6093, MOP) was scaled down to per pot basis equivalent to

Besides being good at controlling N loss, HAyrea (4.13 g pot), triple superphosphate (TSP)
promote plant growth by increasing nutrients émost(1_52 g pot) and Murate Of Potash (MOP)
essential macro and micro nutrients) uptdke (1.34 g pot). These fertilizers were surface applied ten
Whilst, h“m%te could give a d|r_ect effect to plantdays after planting (DAP) and 28 DAP. The plantsewe
phot_osy_nthe5|s,_ chlprophyll density and plant rOOtmonitored up to tassel stage (54 DAP) before harves
relsplranon,ﬁvz\{hlch simultaneously affect and praenot because tassel stage is the maximum growth stage th
plant growttr ™. epIant can achieve before it goes to productive estag

The objective of this study was to investigate th i
effect of liquid HA, fulvic acid (FA) and urea The shoots of the plants were harvested and [peuidi

mixtures on soil exchangeable WHavailable NQ into leaf and stem. The remqining roots in the \M_ﬂite
and dry matter of maizeZéa mays) on Nyalau series collected by washing the soil from the roots usiag
(Typic Paleudults). water. The plant parts were oven dried at 60°C to
constant weight and weighed using a digital balance
MATERIALSAND METHODS Prior to harvesting, soil samples were taken frown t

pots and analyzed for pH, exchangeable,Nknd

Well decomposed peaBdprist) soil was sampled available NQ™ using standard method.
(0-25 cm) from Kuala Tatau, Sarawak, Malaysia wthils Analysis of variance was used to test treatment
the mineral soil used in this study was taken fram effects while means of treatments were comparetgusi
undisturbed area of University Putra Malaysia Biintu Duncan’s New Multiple Range Test (DNMR).
Campus, Sarawak at a depth of 0-25 cm. Both soils
were air dried and sieved to pass through 2 mmesiev RESULTS
for further analysis and glasshouse study. Prior to

chemical analysis, the peat samples were oven atied The soil used in this study was acidic, in bothewa
60°C for 24 h. The mineral soil was analyzed for pHand KCI (Table 1). The CEC of the soil was consiste

(water and KC) at a ratio of 1:2.5 using glasctede, Wit that reported for Nyalau series by Paramaméfha

CEC by leaching with 1 N ammonium acetate (adjusted’aple 1). Nitrogen content in this soil was low those
to pH 7) followed with steam distillation technidti of organic matter and total organic carbon weratinesly

exchangeable cations (K, Ca and Mg) by atomidligh (Table 1). The bulk density of the soil wasAB.
absorption spectrophotometry (A Analyst 800, PerkinTable 1: Physico-chemical characteristics of Nyalaties

Elmer Instruments, Norwalk, CT), total N by the ppeny Value Standard
Micro-kjeldahl method, organic matter and total obtained data range*
organic carbon by combustion metH8dand bulk (0-25cm)  (0-35¢cm)
density was determined using standard procebtires B:w g-égg j-g'z"-g
s H [16] KCI . U-4.
_ A modified method by Susnawaet_ gl. was ysed Exchangeable K(cmoL kg 0180 0.09*
to isolate HA and FA of peat for fertilizer formtitan. Exchangeable Ga(cmolL kg 2260 0.05*
Since HA isolation involves acidification procesges ExchangeablellvFg (cmoL kg™ 2.980 <0.01*
separate humic and fulvic acids using 6N HCI, twoCEtCI (C{“O'— kg(g/) 24(-)5§20 23-3;3503-36
- - - Jotal nitrogen (% . .03-0.06*
types of ml).(t.ures V\.Iere made and t_hey were aCK_jlfleiotal organic carbon (%) 3.350 0.69-1.30*
and unacidified mixtures. Both mixtures containedorganic matter (%) 5780 1.12-2.24*
humic and fulvic acids. CIN ratio 9.850 22-23*
A glasshouse study was conducted using &ulkdensity 1.548 nd
- - : i Clay (%) 22.840 11-14*
completely randomized block design with 3 replicas. - %) 58 520 78-81*
There were 8 treatments selected for testing sxthidy. st (%) 21.000 g*

The treatments evaluated were: Liquid ureg,($olid > Subject to the soil development, standard daémge by
urea (), urea + liquid HA (), urea + liquid FA  Paramananthdf!
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Table 2: Effect of treatments on soil pH at 54 DAP Ammonium sulphate [(NP,SQ] is also an

Label Treatment _ P PHka  important N fertilizer in agriculture. However, this

?’ Sogfgom‘é"gho“t“rea fertilizer) 44;;7 g-ggb study it failed to improve dry matter production

T; Sglid urea 468 36g> Ccompared to the other treatments although the

Ts Urea + liquid HA 4.49 3.60 concentration of N under this treatment was the

Ta Urea + liquid FA 463 3.72°  highest (Fig. 1).

Ts  Urea +liquid of HA + FA (acidified) 470 378 In terms of NH* accumulation, T and & were

Urea + liquid of HA + FA (unacidified) . .

T Liquid (NH),SOx 4564 36g0  more effective (Fig. 1) compared to the other tresatts
except for T. Generally, soil available NQwas the

T, 413 3.60 same for all the treatments applied, except foarid T

Different letters indicate significant differencettyeen means using (Fig- 2)-
Duncan’s New Multiple Range Test (DNMRT) at p =9.0

DISCUSSION
Table 3: pH values of formulated liquid organicaramixture

fertilizer m The difference in exchangeable cations (K, Ca and
P Mg), clay, sand and silt contents were probably wue
Code Treatment Without urea  With urea differences in soil horizon. The presence of either
Fi Urea (liquid) Nd 8.14 cambic (unclear horizon with some changes in playsic
F HA 1.89 9.04 and chemical properties) or argillic (accumulatioh
Ej E/2+ FA (acidified) %’%28 11'%‘(1) clay silicat(? and present of_ clay in _pad §urfacm)z|q>n
F HA + FA (unacidified) 6.56 6.89 leads to different results in certain soil propestiof

Nyalau series. However, a comparison could not be
Table 4: Effect of treatments on dry matter protucof maize at Mmade due to lack of information for the Nyalau eeri

54 DAP data with cambic, instead of argillic (reported in
Totaldry  Paramananth&f.

Label  Treatment _ weight (g) The liquid form of fertilizer applied could be one
$° Sgﬂ%&om‘é"gh"“t“reafe”"'zer) 12132'7?52 of the reasons for the low pH. High mobility of
T; Solid urea 125.67 fertilizer fractions would enhance fertilizer loss,
Ts Urea + liquid HA 107.59 through water or air movement and hence less efiect
Ts Urea + liquid FA o 110.42 pH. In this study, the fertilizers could not giveng
el TAIAGien, 1% tem effect on pH. The low pH o the soil reateitw
T, Liquid (NH:);SOx 34.5F organic based N fertilizers {fFs) does not necessarily
Different letters indicate significant differencetiveen means using Suggest that those treatments did not increase or
Duncan’s New Multiple Range Test (DNMRT) at p =3.0 decrease the pH of the soil. Their effect could be

temporary as reported by Ahmedal .** where a short

Except for T and T, (pH,) and T (pHkc), the pH  term effect of urea mixed with acidic materials
of the treatments were not statistically differrom T,  temporarily reduced soil pH.

(control) at 54 DAP (Table 2). This suggests that s The tendency of HA to react with NHeleased by
treated with urea, or mixture of urea with liquidyanic ~ urea, was high in the formulated fertilizers cotists
materials does not significantly change pH values. HA. Hydrolysis of urea, which increased the
expected, the lowest pH was recorded from T surrounding pH could promote the reaction to occur.
treatment. As shown in Table 2, application of high ~ The presence of high NHlue to continuos hydrolysis
fertilizer (Table 3) for some of the treatments diot  of urea and overload of N could enhance fixation
show any significant effect on pH (water and KCI). processed),

The dry matter production of the test crop was  The acidic nature of (NjSO, reduced its effect
superior for the treatment with liquid organic fiizer ~ on dry matter production. This acidity without limgi
(Ts-Te) and urea (T and ), compared to (NSO, may cause poor plant growth and development. The
(T,) and control (F) (Table 4). Even though, the HA sulfur, in the form of sulphate (S©) reduces soil pH
containing fertilizers recorded highest pH as corega and affects NH volatilizatiod?. Thus, (NH),SO,
to other treatments (Table 3), the dry matter petidn ~ seems not suitable for use in acid soils.

under this treatment was not statistically différsom Functional groups present in humic molecules
others. This observation is particularly consisteith  together with its characteristics produced a latftdcts
the result of T6, whose pH was 6.89. on NH," recovery. Less oxygen containing functional
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groups present in HA as compared to FA reduced soil|

exchangeable NH in T,. The ability of carboxylic \aDT
groups to dissociate their protons at pEf!however, -T7
may have enabled the humic molecules (especially p&444444 444 b DT6
FA) to retain more N at this low pH. Hence, this DTS
partly explains why T recorded more NH in soil at ET“
54 DAP. The low cation exchange capacity (total !ET3
acidity) of HA could be one of the reasons for ETZ
inefficiency of HA. According to Tdff, the total o
acidity of HA varies from 6-8.9 meq gwhile that of ‘ ‘ ‘ ‘ ‘ ‘ °
FA, ranges between 10 and 12.3 méy @hus, FA 0 20 40 60 80 100 120

could perform better in acid soil to enhance urea Ammonium (ppr
efficiency through N’ retention.

The formulated fertilizers, ;fand T5 were acidic
(Table 3: ik and R). Treated soil with 7and T may
cause soil to be acidic hence reduction of N loss
through volatilization. Thus, in this study, these
treatments recorded more exchangeable ;'Nids

Fig. 1: Effect of treatments on soil exchangeable
ammonium at 54 DAP. (Different letter indicate
significant difference between means using
Duncan’s New Multiple Range Test (DNMRT)

compared to others. Similar results have been tegor atp = 0.05)

by Fanet al.”®!, where they found that the use of TSP

(more acidic) reduced Nfvolatilization from urea as =Ty

compared to monoammonium phosphate (MAP). a™Te
Basically, total N and C:N ratio values could OTs

indicate NH fixation by soils. For instance, total N of OT4

0.29% with C: N ratio of 10.4 could fix 125y g of ST?’

NH," in soil_ézo]._The possibility of these processes 0 Ry a Ii

occur was high in treated soil with total N of 0284nd 0ggg;g;g;g;g;;;g;g;g;ngy ab BT,

C: N ratio of 9.85. However, its contribution courldt A e

be significant between treatments because the Boils | '

this study received the same amount of N due ® thi

process. This is clearly demonstrated in Fig. 1 and 0 2 4 6 8 1C 12 14

and dry matter production (Table 3). Nitrate (ppm

Inefficiency of HA in enhancing N recovery and
dry matter production was recorded in this studye T Fig. 2: Effect of treatments on soil available aiier at
low amount of HA used in fertilizer formulation ddu 54 DAP. (Different letter indicate significant
be a significant factor. The HA used was much loasr difference between means using Duncan’s New
compared to the soil (0.16 g HA used/7.5 kg soil). Multiple Range Test (DNMRT) at p = 0.05)
Since, humic substances are believed to contaiera v
small amount of permanent charges which are
responsible for CEC development with 10% estimation
from its total negative chard&s®™, its contribution to o , o
cations retention would be subjective and relyingte Liquid form of humic and/or fulvic acids could

quantity used. However, at this small percentage, H play an important role in enhancing urea efficiency
still showed significant difference (p = 0.05) ddils However, their contribution needs to be studied in

exchangeable NFi as compared to T1 and T2. detail in relation to humic molecule characterstithe
Insignificant difference in N content could amount or rate of humic molecules to enhance,NH

probably be due to low soil pH, which reduces@nd NQ recovery in soil which can indirectly promote
nitrification processes. Based on a previous regbet  Plant growth needs detail investigation. This stindp
optimum pH for this process to take place is®8.5t  the potential to be advanced especially in terms of
the pH range of this study, this process could notiquid organic fertilizer development. Liquid organ
progressively occur thus, causing low soil NO fertilizer has a big potential to be used as fdkatilizer
content. in the future.
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