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SOIL CHARACTERISTICS INFLUENCE THE
DISTRIBUTION OF BORON FRACTIONS IN
SOILS OF OIL PALM PLANTATIONS

PREMALATHA, R P'*; MANORAMA, K'; SURESH, K' and RAMACHANDRUDU, K’

ABSTRACT
In oil palm growing countries like India, nutrient constraints were found to be the major factor limiting oil
palm productivity. Despite the regular application of recommended Borax at 100 g paln™" yr™', boron (B) was
reported to be among the deficient nutrients observed in the oil palm plantations. There is a need to study
the B fractions and their correlation with the soil characteristics to understand the fate and transformation
of the applied fertiliser and their efficient management. The four types of soils (alfisol, entisol, inceptisol,
and vertisol) at 0-60 cm depth were collected and analysed for textural class, pH, conductivity, organic
carbon, calcium carbonate (CaCO,), sesquioxides, nutrient content and B fractions. The predominant B
fraction was residual B accounting for approximately 71.4%-99.3% of total B, whereas only less than 2.0%
of total content accounted for plant available B fractions which included fractions that were soluble readily
and adsorbed specifically in the soil surfaces. The oxide bound and organic bound fraction varied between
0.97 and 9.12 mg kg, and 2.92 and 9.47 mg kg™, respectively. Soil characteristics like organic carbon
content and soil reaction influenced the plant available B fractions positively. Readily soluble B exhibited a
positive association with specifically adsorbed and organic bound, suggesting the role of both in replenishing
the accessible soil B. The study shows that rather than B application, management strategies should be

formulated to improve its availability from the total content.
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INTRODUCTION

Oil palm is a highly nutrient demanding crop
which requires adequate and balanced fertilisation
for its growth and bunch yield. However, in
oil palm growing countries like India, nutrient
constraints were found to be the major factor
limiting oil palm productivity. The micronutrient
that is very much essential for the metabolic
activities of plants is boron (B) (Aftab et al., 2022).
The plants absorb 96% of B as boric acid molecules
and the rest 4% as borate anions (Brdar-Jokanovic,
2020). Having greater mobility in the soil, this
nutrient could be available to the plants easily
but it shows widespread deficiencies in the soils
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next to zinc (Zn). About 132 crops from more than
80 countries were reported to be B deficient (Das
et al., 2019), representing a significant impediment
to crop production. The analytical results of
242,827 soils taken from agricultural regions of
615 districts across 28 Indian states showed B
deficiency of 44.7% (Shukla et al., 2021). Rather
than B as a neglected micronutrient, it has been
overlooked in recent times, especially in oil palm
growing countries like India. Despite the regular
application of recommended Borax at 100 g palm™
yr', it was reported to be among the deficient
nutrients found in the oil palm plantations. Studies
(Behera et al., 2016a; 2016b; 2016¢c; 2017; 2019)
on Diagnosis and Recommendation Integrated
System (DRIS) indices found that soils of oil palm
plantations in states like Goa, Gujarat, Andhra
Pradesh, Karnataka and Mizoram of India had
B as limiting nutrient. In Malaysia, under severe
B deficient conditions, a yield loss of 83% was
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recorded in oil palm (Rajaratnam, 1973). Thus, B
supply in sufficient levels is essential for obtaining
higher yields in oil palm. It is very much essential
to understand the fate and transformation of the
applied borax for efficient B management.

The presence of B in the solid or solution phase
depends on adsorption and desorption reactions
in the soil (Premalatha et al., 2024). It has been
reported that B gets adsorbed to clay minerals,
organic matter, and iron (Fe) and aluminium (Al)
oxides (Eynde et al., 2020). Most soil research solely
concentrated on the B form that is dissolved in hot
water, with sporadic attempts on B fractions. The
experiments on B fractions were also carried out
in soils lacking micronutrient management. This
study on B fractions in different soil types of oil
palm plantations managed with recommended B
applications will provide basic information on B
availability, and the factors affecting it. Knowledge
ontotal B of soilsis notadequate to know the chemical
behaviour and its availability. The total B present
in soils was quantified through various fractions
like readily soluble fraction, specifically adsorbed
fraction, organically bound fraction, oxide-bound
fraction, and residual fraction (Datta et al., 2002;
Kasture et al., 2019). Readily soluble B is the B which
remains in the solution phase or is adsorbed to the
soil particles by weak force (Padbhushan & Kumar,
2017). Specifically adsorbed B includes the B which
is specifically adsorbed to the organic matter or clay
(Padbhushan & Kumar, 2015a). The readily soluble
and specifically adsorbed B forms are available to
the plants. B adsorbed to the oxides and hydroxides
of Al and Fe forms oxide bound B, whereas B
bound to different forms of organic matter are
organically bound B (Kasture et al., 2020). Residual
B depends on the primary and secondary minerals
that make up the crystal structure (Datta et al.,
2002).

Although these B forms coexist in soils in a
state of dynamic equilibrium (Das et al., 2019), they
differ in mobility and chemical behaviour (Javed
etal., 2021). Depending on the soil type, the quantity
of each B fraction differs significantly (Raza et al.,
2002). The total B concentration in soils under Indian
conditions varied from 7.0 to 630.0 mg kg™ (Prasad
et al., 2014), but only a small proportion (less than
12.2 mg kg™') of that is in a form that plants may
use. The presence of B in the soil’s liquid phase
is greatly impacted by the adsorption reactions,
which greatly impacts the fertilisation efficiency in
the soil-plant system. The B in the liquid phase is
available to the plants, whereas the B adsorbed onto
the soil surfaces remains unavailable (Communar
& Keren, 2006). Various factors like the amount of
sesquioxides (R,0,), clay content, clay mineralogy,
Calcium carbonate content (CaCO,), moisture,
organic matter content and solution pH decide
the degree of B availability and its adsorption in

soils (Sidhu & Kumar, 2018; Padbhushan & Kumar,
2017). Soils with low organic matter, light texture,
salinity and high content CaCO, express a high
degree of B deficiency (Boparai & Machanda, 2017).
This study aimed to understand the B fractions in
the soils of different types (entisol, alfisol, inceptisol
and vertisol) in oil palm plantations of India and to
determine their association with the soil properties.
We hypothesised that soil properties significantly
influence the distribution of B fractions in soils of
oil palm plantations. Therefore, data obtained on
B distribution in varied soil types is crucial for
efficient B management.

MATERIALS AND METHODS
Soil Sampling

In this study, soil samples were collected from
oil palm plantations of the two Indian states:
Andhra Pradesh and Gujarat. The location, geo
coordinates, climate, average annual precipitation,
age, soil texture and soil types of the abstracted
samples are presented in Table 1. The soil samples
were collected between November and December
2020. Oil palm is grown as an irrigated crop in
these states in equilateral triangular planting
with a spacing of 9 x 9 x 9 m. The recommended
dose of fertilisers (1200:600:1200:500:100 g of
N:P,0,:K,0:MgSO,: borax palm™) was applied in
four equal splits annually and they were applied
in the weeded palm basins of 3.0 m radius.
Immediately after fertiliser application, the palm
basins were irrigated. Since it is a shallow rooted
crop and most roots are present within 60 cm soil
depth, the soils were collected from 0-20, 20-40,
and 40-60 cm depths. The samples were collected
1.0 m away from the palm trunk and within the
weeded palm basins. From each sampling point,
three sub samples were collected and mixed to
get a representative soil sample. A total of 90 soil
samples (30 each from 0-20, 20-40 and 40-60 cm)
were collected from 30 sampling points in each soil
type. Altogether 360 soil samples were collected
from four soil types. The debris and roots present
in the soil were removed, and the soils were
processed as per the standard procedure given by
the Food and Agriculture Organization of United
Nations (2019). The samples, after processing,
were kept in clean airtight containers for further
analysis.

Soil Analysis

The method given by Piper (1966) was followed
to determine the soil textural class. Soil pH and
soluble salt content were measured using a buffer
calibrated pH electrode (Systronics, Model-361)
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and conductivity bridge (Systronics, Model-306) -
in soil suspension (2.5:1.0 water to soil ratios) K
following 30 min equilibrium (Jackson, 1973). The ,—; =5 = 3 s
organic carbon content of the soil was assessed £ & £ B £
through the chromic acid wet oxidation technique g < = £ >
(Walkley & Black, 1934). Soil available nitrogen [§
(N) was estimated in Pelican’s Kelplus ultima
duo distillation system by following the alkaline 2 ° £
KMnO, method given by Subbiah and Asija (1956). @ E g £ E g S
The available phosphorus (P) was estimated by 2 28 3 28 )
spectrophotometry at 660 nm (Shimadzu, UV 2 =z = =2 8
1900i) following extraction with Olsen’s reagent é %‘% (% %‘§ §
(0.5 M NaHCO,, pH at 8.5 and soil:extractant ratio & & 55
of 1:10) (Olsen, 1954). Ammonium acetate (1.0 N,
pH 7.0) extraction given by Hanway and Heidal § =
(1952) was done for available potassium (K), g > 2 = 2 N
exchangeable form of calcium (Ca) and magnesium g g,;" 0 = o “
(Mg) estimation with the soil to extractant ratio =~
of 1:5. Available K was analysed through flame _
photometer (Systronics, Model-128), whereas §E
the exchangeable Ca and Mg were estimated by ” §§ 5 ® N <
Versenate titration method (Jackson, 1973). The = %DE = = = =
micronutrients like copper (Cu), Fe, manganese E §§
(Mn) and Zn were extracted by extractant 5 | &
consisting of 0.005 M Diethylene Triamine Penta g
Acetic Acid (DTPA), 0.01M CaCl,. 2H,0 and 2 =
0.1 M Triethanolamine as outlined by Lindsay = 2
and Norvell (1978). The pH of the extractant was z £ _
adjusted to 7.3 and added to the soils in the ratio of > | % g £ g
1:2 for micronutrient extraction. Following that, the e _.% 2 E §'
extracted micronutrients were estimated by Atomic E © i U a
Absorption Spectrophotometer (Shimadzu, Model B £
- AA7000) with the analytical wavelengths of 324.8, ? =
248.3, 279.5 and 213.9 nm for Cu, Fe, Mn and Zn, =
respectively. Iron (Fe,0,) and aluminium (AlLQO,) & . . m
oxides were estimated by the process outlined by E % : 5 %
Piper (1966). The CaCO, content was assessed by = o E o & s
the titrimetric procedure given by Rowell (1994). 2 E = = % ©
The B fractions were extracted sequentially and B 2 £ 2 £
determined by the colorimetric method (Shimadzu, = = 5 & N
UV 1900i) described by Datta et al. (2002). The é & @ g
readily soluble B and specifically adsorbed B were ® ® ® S
extracted by 0.01 M CaCl, and 0.05 M KH,PO,,
respectively and estimated by the Azomethine-H Z z z z
method at 420 nm wavelength (Gupta, 1967). The S i e 3
oxide bound B [(0.175 M (NH,),C,0, (pH 3.25) ° o & 2 S
extractable)], organically bound B (0.5 M NaOH § 2 2 f N 8
extractable) and residual B (extracted by a mixture 5 ; ; s : tfg
of H,SO,, HE, HCIO,) were estimated by carmine < N § S
method at the wavelength of 585 nm outlined by & % © 2 £
Bingham (1982). The summation of these five B - - “a
fractions contributes to the soil’s total B content. 3
~ g : 3
Statistical Analysis S & o s g
< g 53 549 - 3
.. .1 .. . ES £ g% g | =
Descriptive analysis like minimum, maximum, g £ g £ s £ £ |3
standard deviation, and mean were computed 5 S's é s gg o i’)
for all soil characteristics (Table 2). Version 16 of § §§ %§ —§§ § B
the SPSS programme was utilised to perform all = < = < R < a2
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statistical computations. The significance of the
data was examined by one way ANOVA method. To
document the differences in B fractions among soil
types, the Duncan test with a 5.0% probability was
employed (Duncan, 1955). The association among
B fractions and soil characteristics was computed
using Pearson’s correlation analysis.

RESULTS AND DISCUSSION

The soils showed considerable variability, as seen
by the wide range of values for pH, EC, organic
carbon, CaCO,, Al,O,, Fe,O,, clay, silt, sand, major
and micronutrients (Table 2). The variations in the
contents of different B fractions were observed
in different soil types considered in the study
(Figure 1). The readily soluble B is the B available
in the soil’s liquid phase and it accounts for
0.08%-1.86% of total B (Table 3). Similar findings
were observed by Padbhushan and Kumar
(2015a; 2015b) who studied the B fractions in Ca
rich soils of Punjab. In all soil types, increasing
soil depth resulted in a drop in readily soluble B
concentration, which may be possible because of
changes in organic carbon contents and pH. Higher
soil organic matter in 0-20 cm soil depths of all
experimental soils resulted in the accumulation of
B rather than leaching (Chaudhary & Shukla, 2004).
The average pH of the soils decreased with higher
soil depths. The readily soluble B exhibited a
strong positive association with the soil pH (alfisol,
entisol, inceptisol) and organic carbon (entisol,
inceptisol) (Table 4 and Figure 2). An increase in
soil pH increases the surface negative charges and
thereby increases the availability of soluble B (Datta
et al., 2002). A comparatively higher proportion of
readily soluble B in entisol might be ascribed to
greater organic carbon. In soil depths of 0-20 and
20-40 cm, lower contents of readily soluble B in
alfisol were due to higher AL,O, and Fe,O, content
which exhibited a negative relationship. Though
the average organic carbon was higher in vertisol,
the lower readily soluble B in soil layers of 20-
40 and 40-60 cm was due to the presence of clay
fractions in large quantities (52.3%-58.4%) (Table 2).
This fraction had a significant negative relationship
with clay content in vertisol. A positive correlation
between readily soluble B and major nutrients like
available N (entisol, inceptisol), P (entisol, vertisol),
K (entisol) and micronutrients like Cu and Zn
(entisol, inceptisol, vertisol) was also observed.
Considering the relationship between B fractions,
readily soluble B was positively correlated with
specifically adsorbed B (entisol and inceptisol)
and organically bound B (alfisol, inceptisol and
vertisol) (Table 5). This supports the conclusions of
Gurel et al. (2019), who studied soil B fractions and
their accessibility to olive trees.

TABLE 2. SOIL PROPERTIES IN EXPERIMENTAL SOIL

Entisol

Alfisol

Maximum Mean Standard deviation Minimum Maximum Mean Standard deviation

Minimum

Parameters

11

11

111

II

III

11

111

I

III

II

11

11

11

II

III

11

615 613 792 770 752 743 734 719 046 045 039 662 656 59 789 757 724 739 719 691 035 028 0.37

6.28

pH

013 018 060 065 062 032 037 036 015 017 013 015 0.08 009 041 043 048 021 018 019 0.08 010 0.11

0.14

EC (dSm™)

019 012 08 062 051 055 037 029 012 015 012 047 031 020 098 082 052 068 053 036 015 017 0.10

0.33

Organic carbon (%)

0.00 000 000 025 148 0.00 0.05 015 0.00 011 047 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00 0.00 0.00

0.00

CaCo, (%)

3.68 960 400 411 1650 670 826 1196 547 6.12 189 090 1.28

2.94

10.80 11.40 15.20 20.80 23.70 11.80 14.10 1730 231

8.65

Sesquioxides (%)

301 340 183 080 1.14

6.18

5.54

8.44 1060 123 410 210 429 152 173 1060 3.84

7.42

17.60 14.40

336 756 890

5.55

ALO, (%)

310 324 630 980 11.10 441 564 663 112 222 256 522 192 210 843 286 320 589 246 272 103 033 034

3.00

Fe, O, (%)
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Figure 1. Depth wise distribution of (a) readily soluble B, (b) specifically adsorbed B, (c) oxide bound B, (d) organically bound B, (e) residual B and (f)
total B in different soil types.



WNWITXeW - XeJA “WNWIUTW - UTJA] 130N

¥'0T ¥ 8601 91’16 86'¢8 Syer ocge 699 [4004 €'l (140 €€0 800 [OST-IPA
90T F T°€IT 0€'66 €606 LL9 1€°0 89°C €10 €70 £0°0 G990 11°0 Josndooug
TSLF0GL [4R I 9108 €9°¢l ¥6'¢ 8%9 61¢C 80 10 080 0€0 [ospug
10T +¢'8¢CL ¥6'16 60C8 999 0Tc £S°01 L9V 0Tt 170 0v'0 80°0 10SHIV
un 09-0%
TSI +998 99°¢6 ¥1°08 LLST 60°¢ 0rs 9¢C 960 €ro 860 0ro [OSTISA
6CLF €941 6896 ¥€'68 814 €80 14014 10T 70 600 690 ¥1'0 [osndaouy
S0T 9101 1188 GT08 SLTL S{W €8'G 99°¢ £6'0 w0 €C'l L¥'0 [osnug
10l F208 €788 $9°LL 10°8T 16°¢ qrel gee 590 o 8¢l 81°0 [0Sy
u 0p-0T
SELF899 0T'68 rLL 9181 9L 09°¢ 80°C €80 ¥C0 98’1 8¢0 [OSTIIOA
9ELF6€LL S196 ¥0'68 qs's 10°¢ S1e €vo VA] 610 £6°0 0¢0 [osndadug
9CIF6'LCL 8¢'16 61°C8 qqg'8 ov'e 648 wy 190 L1°0 99°0 €C0 fospuyg
LELFGLS 9998 0v'14 0021 S0'8 60°€T €rg ¥6'l 90 91 6v°0 [osyry
wd 0Z-0

XeN Uin XeN Ui XeN U XeN U XeN U
(8% Sw) g Tenpisay g punoq ApesruediQ g punoq apxQ g pagiospe Ajfeogmnadg g 31qnos A[rpeay adf r0g

g 1e10} 3geraAy

(%) d 12303 Jo a8ejuadrad e se suonpery g

JOURNAL OF OIL PALM RESEARCH

SHJAL TIOS INFYIIAIA NI SNOILLOVIA 4 40 NOLLNATILSIA JAILVTHY "¢ HT1dVL



SOIL CHARACTERISTICS INFLUENCE THE DISTRIBUTION OF BORON FRACTIONS IN SOILS OF OIL PALM PLANTATIONS

Juajuod sapxombsas - ‘O 10°0>d -, ‘S0°0>d -, PION

0810 ¥EE0  FBEO  PLLO  PELO L0 000- €500 €010 SZL0  LZZ0- 6810 OFE0 [Z00- €220  LIE0-  BE00-  0SL0  O8LO- g o
10 6080 IFE0  S9L0 04C0 ~90€0  €€00- 1€00 9900 SEL0  9KTO- 0910 OSE0 6¥00-  L0TO  TOLO-  §900-  $9L0  96L0- g Tenprsoy
6VT0 wl0G0 O/T0 TITO FOTO- 6CE0- 8610  S0TO »TS90 SL00- 6LL0- PITO  SETO 0E0  LKEO  STTO-  w€6F0  FTO- 9900 g punog A[eonesio
6900~ 1500 FI00- 8000~ €610~ 66C0- GO0 LF6E0 0610 TOTO- wILLO- wl6L0 §900 €500 €000-  ZZ00-  LOZO 800~ TITO d punog aprxQ
W0SP0 l090 6610  S0TO  0ST0  FELO 980 OIE0 800 LITO  [TTO-  S600  LEO  6VL0  ISTO  STTO-  L6Z¥0  SOL0 46570 g paqiospe Afedypads
WSLFO wB6Y0 SPLO- 1970 670 66T0- 0L0  S9L0 690 6900- €5T0-  0STO €0Z0 9ITO  SKTO  IZE0-  w8EL0  Z8E0- 19090 g 21an(os Afipeay
[osndasug
PLO- L6PF0- 6610~ OSE0- 100~ L0 99T0 00" P10 wG190- 19ZG0- wZP90 6/00- 88T0  F0L0 9180 6020~  TLLO 0910 d oL
8610~ .6G70- TOTO- 6TE0- TO00- TLOD 1910 9LTO- STLO wlZO0- mGEGD- 1S90 £900- H0TO 9TL0  .l080  LITO- 0910  ISLO g [enprsoy
w9S9°0 8650 T6L0  SFTO 190  P6TO  S9TO B0 0SED  wlLS0 wlE90 wS0L0- 6000~ LSTO- LITO-  96L0-  w€IS0 610  LITO g punog AeomueSio
PIEO- ZE00- TETO- S9TO- P6LO- S900- LO0O- STTO-  OW00 w¥SO0- 40190~ wIZL0 OIL0- €00  8I00- 600  66T0-  9LL0 8800 g punoq apixQ
CETO- 9810 100~ 6€T0- [TLO  S8TO OFE0-  S8I0 LSEFO- SIE0- .IS8PO- .88V0 PSTO- 6600 OPLO-  L600-  §OL0-  TECO- L0 g paqiospe Afeaypads
w890 GOS0 0610 G000 0S00- SITO €810 wl0L0 F6TO H08E0 wll90 wTIO0- SPFO- IE60- w650 700~ 1910 810 L¥LO g 21an[os ATipeay
fosnan
€910 $0E0  €0T0 600 SO0~ w69F0- €TI0 LITO €100 w6550 9650 €20 wbl190 wbLFO wT90 - R I g mor
9610 €670 6810 €0T0 P00~ wI8FO- T600 €TTO €000~ wlE50- 0SS0 SFTO wF6S0 wlSHO w8850 - 9610 89T0-  FILD g renprsoy
w0060 8€0  20T0 600 BEO0- SO0 FSTO  1600- 6610 000~ TILO  SE00 . LIODT 6600 THOO - WS90 0610 €010 g punog AjeomueSio
100+ €600 €CI0  STL0- ZPO0- 06T0- FFLO SO0  1T00- wEE90- 11090 EFFO 6F80 w990 .IPEO - P6LO 6800  SOLD d punoq opix0
W8E0 w1090 86T0 SEL0  FLIO  6TL0 wTIF0 w8PF0 OIS0 /GE0- 8620 €2€0  TI00 1000° 8000 - €S0 THI0- w990 g paqrospe Afeoypads
WTPGO W6EL0 LSTO  TELO 9000 BSLO- w9190 wlI90 .LOFO EIFO0- THEOD 6/60 661°0- 0600~ THLGF - WTPEO OLTO-  LIIF0 g 21an(os Aipeay
fosnug
[000- LS00+ SETO- OLL0- 6800- 100  6LT0- B6LO- 9980~ LIE0 SOE0  €5T0 1970 ST 8SE0  8L00-  LISK0-  S0TO  HSTO- g oL
6600~ OLI'0- LBOO- 9SE0- LL00- SLO0 GLTO- 06L0- L9L60 L9T0- €0E0 0STO  §STO  S9TO k960 €800-  l6¥0- 0020  €9TO- g renprsay
0600 9810 SIE0 060 100 800 6420 09L0 L9070 w6650 6IT0 THEO LSIFO- P9TO- LI9F0- SE00- . €9T0  6EL0- €420 g punog A[eomesio
L9E0- L0S0- LFIFO  00L0  TTTO- BI00- LIEFO- STO- LILEOD- SIE0-  [STO  61T0 OIS0 6TI0 LOFO G100 BTE0-  0Z€0  $ET0- d punog aprxo
L0 9570~ 6500~ 6000~ FHO0 8000 OSTO wiEF0 60E0- H0S0- L0 .80 10T0- /660~ 9¥TO- €810 .8LF0 _IEL0 8600 g paquospe A[edypads
00 200 IEL0 €00+ OE0- SIS0~ SST0  L600  L610 L9EK0- TSLO €960 TICO- €6E0- wO0LF0-  S0TO- - O0SL0 €800~ .S8E0 g olan(os A[ipeay
1051V

m  uz wA e SW ® X a4 N pws ans  Aep ‘OPd OV ‘o ‘oo ,uel oa Hd

SNOILLOVIA 4 ANV SOILLSTIHALOVIVHO TIOS ONOWNV NOILVIZIIOD ¥ AT1dVL



JOURNAL OF OIL PALM RESEARCH

(a) (b)
0.9 .
Tf»c” 0.8 =
o 0.7 . o 1
S . =<
m 0.6 ... ._ g.’ 0.8 ..‘
o 05 K - .
el . . @
> 04 e @ o e
5 d 5 06 e
2 0.3 ¢ 3 L
g 0.2 > 0.4 .$,_-.'
e 01 S o’
0 & 02 L
6.5 7.0 7.5 8.0 0.2 0.4 0.6 0.8
Soil pH Soil OC (%)
@ Alfisol ® Entisol Inceptisol Vertisol @ Alfisol ® Entisol ® Inceptisol Vertisol
(c) (d)
2 o8 ~ 10
g 2 .
E o 8 @
- 06 E
3 m 6 )
o ° 5] .
2 ; S 4 * ¢
& 04 . 8 °
> .0 o 2
(] . he]
S 02 ° © ‘o
) 10 30 50 70 0 5 10 15 20
Clay content (%) Sesquioxides (%)
® Alfisol Vertisol ® Alfisol ® Entisol
(e)
10
B ¢ =
e o et
° 7| e ¢
= 6 .-’
m
o 5
C
§ 4
° 3
2 2
o 1
0
1.6 1.7 1.8 1.9 2
CaCo, (%)
® Vertisol

Figure 2. Effect of (a) soil pH, (b) soil organic carbon (oc), (c) clay content, (d) sesquioxides, and (e) CaCO, on various B fractions.
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TABLE 5. CORRELATION AMONG THE B FRACTIONS STUDIED IN SOILS

Item RDS B SAD B OXD B ORG B RSL B TOTB
Alfisol

Readily soluble B 1

Specifically adsorbed B 0.340 1

Oxide bound B -0.223 0.306 1

Organically bound B 0.440* 0.407* -0.349 1

Residual B -0.210 0.340 0.781** -0.352 1

Total B -0.189 0.337 0.802** -0.307 0.998™* 1
Entisol

Readily soluble B 1

Specifically adsorbed B 0.718** 1

Oxide bound B -0.047 0.136 1

Organically bound B 0.303 0.156 -0.301 1

Residual B -0.229 0.198 0.696* 0.207 1

Total B -0.247 0.216 0.744* 0.282 0.995* 1
Vertisol

Readily soluble B 1

Specifically adsorbed B 0.358 1

Oxide bound B -0.153 0.242 1

Organically bound B 0.454* 0.299 -0.504** 1

Residual B -0.013 0.220 0.872** -0.448* 1

Total B 0.029 0.210 0.882** -0.428* 0.999** 1
Inceptisol

Readily soluble B 1

Specifically adsorbed B 0.418* 1

Oxide bound B 0.267 0.068 1

Organically bound B 0.461* 0.177 0.251 1

Residual B -0.057 0.280 0.048 0.245 1

Total B -0.022 0.292 0.086 0.297 0.998** 1

Note: RDS B - readily soluble B; SAD B - specifically adsorbed B; OXD B - oxide bound B; ORG B - organically bound B;

RSL B - residual B; TOT B - total B.

The specifically adsorbed B constitutes 0.07%-
1.94% of total B (Table 3). Comparable amounts
of these pool were reported by Padbhushan
and Kumar (2015a). Like readily soluble B, the
specifically adsorbed B content also dropped as
soil depth increased in all soil types except vertisol.
Decline in absorbing surfaces with soil depth could
be the cause for such a reduction. The presence
of organic matter in higher quantities accounts
for relatively higher quantities of specifically
adsorbed B in entisol. The role of organic matter as
B adsorbing surface was reported by Padbhushan
and Kumar (2017). Higher clay content in vertisol
is attributed to the higher contents of specifically
adsorbed B at 40-60 cm (Table 2). Diana and Beni
(2006) reported the dominating role of clay on
specifically adsorbed B. The specifically adsorbed
B had a positive relation with clay content (in

alfisol, and vertisol), pH (in entisol, and inceptisol),
organic carbon (in alfisol, and inceptisol), available
N (in entisol), P (in alfisol, and entisol), and K and
micronutrients like Cu and Zn (in entisol, and
inceptisol) (Table 4 and Figure 2). Supporting this,
Gurel et al. (2019) established a significant positive
association between specifically adsorbed B and
soil parameters (pH, EC, CaCO,, organic matter,
clay, exchangeable K and Mg). Lower contents of
specifically adsorbed B in inceptisol may be because
of lower adsorbing surfaces (Table 2) especially
organic carbon (0.23%-0.49%), sesquioxides (5.05%-
6.32%) and Fe,0O, (3.53%-4.45%). Dey et al. (2017)
reported lower contents of specifically adsorbed B
in soils with low organic carbon. A strong positive
association was found between specifically
adsorbed B and organically bound B in alfisol
(Table 5).
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Of the total B content, the oxide bound B
accounted for 0.13%-13.09% (Table 3). Comparable
outcome was stated by Bhupenchandra et al. (2024)
in acidic inceptisol of Eastern Himalaya. Pachauri
et al. (2024) reported that yearly application of B
resulted in a significant increase in oxide bound
B fraction in Typic hapludolls. In comparison to
the readily soluble B and specifically adsorbed
B, the oxide bound B was larger suggesting that
oxides and oxyhydroxides contribute significantly
to fixation of B by isomorphous exchange and
complex formation (Bhupenchandra et al., 2020).
These contents were notably higher in entisol at
0-20 cm and in alfisol at 20-40 cm and 40-60 cm soil
depths (Figure 1). This is linked to the higher content
of oxides and hydroxides of iron and aluminium
(Table 2), which may have offered plenty of sites for
the B [B(OH),, B(OH),] adsorption through ligand
exchange (Datta et al., 2002; Kaundal et al., 2014).
Lower oxide bound B content was found in vertisol
at 0-20 cm, whereas at soil depths of 20-40 cm and
40-60 cm inceptisol recorded significantly lower
oxidebound B (Figure 2). This was the result of lower
mean contents of Fe,O, (3.25%-4.45%) and AlO,
(2.03%-3.76%) in specified soil types (vertisol and
inceptisol) than others (Table 2). The oxide bound
B exhibited a strong positive association with the
amount of clay and ALO,, Fe O, in entisol, whereas
this fraction was positively associated with the clay
content and CaCO,in vertisol (Table 4 and Figure 2).
Diana et al. (2008) reported a positive correlation
between oxide bound B and Fe oxides in alluvial
soils of Italy. Similarly, Barman ef al. (2014) reported
that CaCO, makes B unavailable by adsorption, co-
precipitation, or occlusion. Also, this fraction had
a negative association with available N, K, DTPA
extractable Cu and a positive association with
DTPA extractable Mn in alfisol (Table 4). In light
of its association with other B fractions, a positive
relationship was found with residual B and total B
in alfisol, entisol and vertisol (Table 5). Supporting
this, Kaundal et al. (2014) observed a positive
association among oxide bound B and total B in the
acid alfisol of Northwestern Himalayas.

About 0.31%-18.16% of total B was made up of
organically bound B (Table 3) and were unavailable
for uptake by plants (Bhupenchandra et al., 2024).
This fraction’s presence in the soil could be related
to the organic matter, which adsorbed the B through
ligand exchange (Bolan et al., 2023). Depending
on the soil’s level of organic carbon content, the
organically bound B varied under different soil
types. Here, the entisol showed higher organically
bound B content followed by vertisol (Figure 1),
which is a result of higher organic carbon status
of the soils (Table 2). Chaudhary and Shukla (2004)
stated organic carbon as the major contributor
of organically bound B. The organically bound B
had significant positive association with organic

carbon content in entisol, vertisol and inceptisol
(Table 4). Supporting this, Datta and co-workers
found a significant positive relationship among
organically bound B and soil parameters like clay,
ammonium oxalate extractable Al, Fe and organic
carbon (Datta et al., 2002). Also, the organically
bound B was positively correlated with DTPA
extractable Zn (in inceptisol, and vertisol) and
Cu (in entisol, and vertisol). This fraction had a
positive and significant correlation with readily
soluble B in alfisol, inceptisol, and vertisol (Table 5).
To meet the plant’s B demand, organically bound
B may have transformed into a readily soluble B.
This fraction is viewed as primary sink of plant
available B (Bhupenchandra et al., 2020), released
on decomposition of organic matter (Kumar
et al., 2023). In vertisol, organically bound B was
negatively correlated with oxide bound B, residual
B and total B (Tuble 5).

The residual B constituted the most prominent
B pool, accounting for approximately 71.4%-
99.3% of the total B (Table 3). They were present
within the atomic structure of the minerals, and
were improbable to be liberated in the medium
and long terms (Padbhushan & Kumar, 2017;
Rahman & Schoenau, 2020). Regardless of the soil,
crops, fertilisation practice, and climate, a higher
percentage of residual B fraction (even above 80%)
has been observed by numerous workers (Das et al.,
2023; Datta et al., 2002; Gurel et al., 2019; Kaundal et
al.,2014; Kumariet al., 2017; Xu et al., 2001). The soils
of inceptisol had relatively higher residual B, since
B fertilisers were continuously added (100 g palm™
yr ') for 5-15 years over the oil palm plantation’s age.
The findings of Jegadeeswari and Muthumanickam
(2017) reported significant variations in residual
B under varying dose and frequencies of B
application in Maize-Sunflower cropping system.
Datta et al. (2002) reported that residual B is the
structural component of sesquioxides (R,O,) and
clay minerals. The residual B had a notable positive
association with R)O,, ALLO, and Fe,O, content in
entisol, whereas it was positively associated with
clay and CaCO, content in vertisol (Table 4). This is
consistent with the observations of Kaundal et al.
(2014). Residual B was positively correlated with
oxide bound B and total B, whereas it had strong
negative relationship with organically bound B in
vertisol (Tuble 4).

The total of all the extracted soil B fractions
was added up to determine total B and it is not
a trustworthy measure of B that is accessible
for plant absorption (Kasture et al., 2020).
Their concentration varied between 65.8 and
173.9 mg kg™ (Table 3). This was consistent with
the results of Diana and Beni (2006). Significant
differences in concentration of total B in different
soils might be due to parent material, their level
of weathering, and soil management (Das &



SOIL CHARACTERISTICS INFLUENCE THE DISTRIBUTION OF BORON FRACTIONS IN SOILS OF OIL PALM PLANTATIONS

Purkait, 2020). The inceptisol recorded high total
B at 0-20 and 20-40 cm, whereas alfisol recorded
higher contents at 40-60 cm soil depth (Figure 2).
A marked trend in total B at different soil depths
was not noticed. The total B showed a positive
association with AlLO, and Fe,O, content in
entisol, whereas it was positively associated
with clay and CaCO, content in vertisol (Table 4).
Irrespective of soil types, total B had strong positive
association with oxide bound B and residual B
(Table 5).

CONCLUSION

The qualitative and quantitative relevance of soil B is
better defined by their fractionation in the soils. This
study offers better insights of different B fractions
and their association with soil characteristics under
different soil types. The residual B accounted for
71.4%-99.3% of total B, and it was the predominant
fraction. The plant available B fractions (readily
soluble B and specifically adsorbed B) accounted for
less than 2% of total B. Soil properties like pH and
organic carbon had positive relationship with readily
soluble B and specifically adsorbed B, while Fe,O,
and Al,O,, clay content had positive association with
oxide bound B. The association among different
fractions of B indicated their interdependence.
Readily soluble B showed a positive correlation
with specifically adsorbed B and organically
bound B, suggesting their role in replenishing the
accessible soil B. This study suggests that rather
than B application, management strategies should
be formulated to improve its availability from the
total content.
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