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Enhancing fertility of sandy soils through the use of
organic materials : process- level investigation
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ABSTRACT: Restoration of degraded sandy soils can be achieved one way through the use of organic materials
with appropriate chemical composition or quality. This review article is aimed at presenting research findings of the
research group on soil organic matter which has been investigating the use of contrasting quality organic materi-
als locally available through their yearly application to a sandy soil for more than 18 years. The objectives were to
study: 1) Quality factor of various organic materials including biochar, and 2) biological mechanisms (decomposer
organisms factor), affecting decomposition and changes in organic matter of sandy soils. Four categories of organic
materials used were obtained based on their contents of N, lignin, and polyphenols as well as cellulose. Rice straw
(high cellulose content) had higher decomposition rate than dipterocarp leaf litter (high lignin and polyphenol contents)
despite their comparable C/N ratios (80). Soil organic C (SOC) accumulation was highest under medium-quality
organic material (medium contents of N, lignin and polyphenols), i.e., tamarind leaf litter. Meanwhile, rice straw
had the lowest SOC due partly to the fact that it produced high content of low-molecular-weight dissolved organic
C (DOC) which were leached from the topsoils. Contrasting quality organic materials induced the occurrence of
different fungal communities as indicated by differences in fungal communities under dipterocarp as compared to
the other organic material treatments and the control. In addition, enzyme activities involving in breaking down of
organic C compounds were different under contrasting organic material quality treatments.
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Figure 1 Conceptual framework of the research.

Remarks: Factors influencing decomposition: P = physicochemical factor, Q = quality factor, O =

organisms DOM = dissolved organic matter, DOC = dissolved organic carbon, DON = dissolved

organic nitrogen —

Interaction, BC = biochar or charcoal
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Table 1 Chemical quality characteristics of organic residues locally available in Northeast Thailand.

Chemical

Groundnut Tamarind Rice straw Dipterocarp
compositions
C(gkg™) 388 427 367 453
N (g kg™ 22.8 13.6 47 5.7
C/N ratio 171 31.5 78.4 79.5
Lignin (g kg™) 67.6 87.7 28.7 175.5
Polyphenol (g kgfﬂ) 12.9 31.5 6.5 64.9
Cellulose (g kgfﬂ) 178 143 507 306
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Figure 2  Ash free dry weight remaining (% of origin) of different quality residues as a function of time after soil
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solid line represent a curve fitting to the double pool model (adapted from Puttaso et al., 2011).

nmsilaaugilulasiauludanisaaasizag
A5auNse

nezuaun1flasuLladred N Tugaaaag
NNTAANEAALALILAN LTI INUAINFAA L AN
ANFURUTTURIA sz NaUNIANURIANTDUYITET
TPENUNN9IA net N mineralization lTuaunldsn
foaas (N g9) wazmnuanszudesgdaiumin
R 4 . 4
faaae Tuanuznnedng Tunzann waslunang g
. o e R
Hluansdunzenilsunn N thunansauneiingn
\im net N immobilization udaauan (1-2 d1ansf)

(Fig. 3) LL@:uﬁqmﬂ&uLﬁm net N mineralization
Tsr AT AT T AN e e AsEnaTNNg
\nTaeaansawviddu wenanilnasldonuas
azwinaneding (N fin CN 44) fugandadas (N 4N
C/N ﬁ"]"]) dan i zaanisiin N mineralization
dwdsafuinulunisdnendug iAeafunis
apiaay N anansauvadseTia (Tian et al.,
1992; Vityakon et al, 2000; Kaewpradit et al.,
2008)



KHON KAEN AGR. J. 41 SUPPL. 2 : 1-12 (2013).

Net N mineraliration amd
immmebdlizstion (mg ke )

== Rlce siraw

e Growndnst siover
== Rlow wtr e +400 rou md it
—+— Diplerscarp
—&— Tamarind

Figure 3 Net N mineralization and immobilization as affected by different quality organic materials. Vertical

bars represent standard error of the difference (Puttaso et al., 2011)
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Vityakon (2007) mmmfjﬁmﬁuﬁﬁﬁ@mmwrﬁ'f]
(ﬁmﬂ’ﬂi:ﬂ@uﬁLﬂumaﬁmmummmﬂﬁqq\i)
AaasanI iy particulate organic matter (POM)
Tupunse Anduunssaes C luRuumua i
(Urquiga et al., 1998)

Table 2. Soil organic C (SOC), (< 1 mm) at 52 weeks after different residue incorporation.

Residue treatment C added SOC
(tha' year’1) (9 kg_1) (tha™)

No addition - 1.15 2.72
Rice straw 3.67 2.31 5.54
Groundnut stover 3.88 3.00 7.10
Rice straw + Groundnut ~ 7.55 3.99 9.28
Dipterocarp 4.53 2.96 7.06
Tamarind 4.27 3.55 8.41
SED - 0.075****

****= significantly different at p < 0.0001.

SED = standard error of the differences between means. Source: Puttaso et al. (2011)
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polymorphism (T-RFLP) k& Denaturing gradient
gel electrophoresis (DGGE) Lilusu (Bardgett
et al., 2005) Kamolmanit et al. (2013) ldnadia
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Figure 5 B-glucosidase (a) and phenoloxidase (b) activities in incubated soil samples after 16 years of residue

addition. Treatments are: control soil without any input (C), rice straw (NRS), groundnut stover (NGN),

as well as leave litter from dipterocarp (NDP), and tamarind (NTM) at day 0 incubation. Different

letters indicate significant differences at P < 0.05. Bars represent standard error of means of three

measurements.
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