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ABSTRACT

Our previous studies showed that the extreme high yield tropical rice (Padi Panjang) produced @4ighbha
fertilizers.We also found that the rice yield did not correlate with some soil propékgethought that it may be

due to ability of root in décting soil properties in the root zoriherefore, we studied the extent of rice root in
affecting the chemical properties of soil solution surrounding the root Adr@memade rhizobox (14x10x12 cm)

was used in this experiment. The rhizobox was vertically segmented 2 cm interval using nylon cloth that could be
penetrated neither root nor mycorrhiza, but, soil solution was freely passing theThiath.soils of dierent

origins (Kuin, Bunipah and Guntung Papuyu) were u$éé.segment in the center was sown with 20 seeds of
either Padi Panjang or IR64 rice varietiser emeging, 10 seedlings were maintained for 5 wegkg weeks

after sowing, some chemical properties of the soil solution were determivess were ammonium (NH, nitrate

(NO,), phosphorus (P) and iron @econcentrations and pH, electric conductivity (EC) and oxidation reduction
potential (ORP). In general, the plant root changed solution chemical properties both in- and outside the soil
rhizosphereThe patterns of changes weréeafed by the properties of soil origifhe release of exudates and
change in ORP may have been responsible for the changes soil solution chemical properties.

Keywords Ammonium, electrical conductivityron, nitrate, oxidation reduction potential, pH, phosphorus

INTRODUCTION More than 100 local varieties can be found in
South Kalimantan. Some of them show yield more

In rice growing areas of South Kalimantan than 3 Mg hawithout fertilizers after transplanting
Province, the local cultivars are preferred by local (Hasegawaet al. 2004). Our previous studies
farmers. Most of the areas are swamplands in whichtshowed that there was a tropical rice cultivar (Padi
water fluctuation is unpredictable. Growing modern Panjang) produced 3-8 Mg hwithout fertilizer It
rice varieties in this area is almost impossible. was also found that the rice yield was not correlated
Seedlings of modern rice varieties are too short towith some soil propertie$Ve thought that it may
cope with a high water fluctuation. In addition, be due to ability of root in affecting soil properties
modern rice varieties are usually susceptible toin- and out-side of the rhizosphere (Purncenal.
severe soil condition (Purnone al. 2009).The  2010).
local rice seedlings are older (ca. 6 month old). So,  The plant roots have ability to influence the
they are tall seedlings.6. 1 m), therefore, they physical, chemical and biological properties of
can survive in the high water level fluctuation and rhizosphere soil. Physicallsoot exudates may clog

they are more tolerance to severe soil condition. pores and may provide a lfeif against desiccation
at lower water contents and reduce structural

degradation of rhizosphere soil by slaking (Hallett
et al. 2003). Chemicallyexudates from the plant
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nutrient concentration (&hget al. 2005; Purnomo  used by Purnomet al. (2010), except that in the
et al. 2010). Biologicallyroot exudates can invite present studythe nylon cloth could not be
microomganism to anchor in rhizosphere. For penetrated neither by plat root nor by mycorrhiza.
example, P solubilizing bacteria (Purnoretoal. So, only water could freely penetraiée rhizobox
2005a) and mycorrhiza (Purnoraoal. 2007). was also equipped with 10 cm ceramic cup and

This work investigated the fett of the rice  vacuum suction per segment as shown in Figure 1.
roots in changing the chemical properties of soil

solution in the rhizosphere and bulk soil. Treatments

The treatments of the experiment are shown

MATERIALSAND METHODS in Table 2.

Soil Used Rice Cultivation

Soils used for the experiment were collected Twenty rice seeds were sown at the middle
from the three villages, namekuin, Bunipah and segment of the rhizobox (see Figure 1) under
Guntung Papuyu. The soil characteristics are showrsaturated soil conditiort the 3¢ day seedlings
in Table 1. were thinned to 10The high plant density was
deliberately done to create a rhizosphere soil and
bigger impact of root on the soil. Seven days after
emepging, the rhizobox was filled with deionized
water to 1 cm depth and maintained till the end of
growing period.To protect from pest attack the
rhizoboxes were covered with a mosquito mée
plants were grown for 5 weeks.

Rhizobox

The experiment was carried out in glass using
a homemade rhizobox developed \Wang et al.
(2002). The rhizobox illustration can be seen in
Figure 1. Rhizobox design was similar to the one

Table 1. Selected soil properties.

Soil origin
. . Kuin Bunipah Guntung. Papuyu
Soil Properties (3°22'24"S; (3° 27'52"S; 114 (3°27'44"S; 114
11432'197E) °32'54"E) °36'50"E)
Particle size analysis (%)
Sand 2.08 2,51 0.83
Silt 61.20 73.82 57.85
Clay 36.72 23.67 41.32
Texture Silty clay loam Silty loam Silty clay
Organic C (g kg)? 48.6 (high) 35.6 (high) 32.4 (high)
Total N (g kg')° 2.8 (moderate) 2.4 (moderate) 3.2 (moderate)
C/N 17 (high) 14 (moderate) 10 (low)
Pgray 1 (Mg kg")* 3.510 (very low) 3.104 (very low) 9.220 (very low)
P,0s (mg kg*)° 497 (high) 444 (high) 289 (moderate)
K,0 (mg kg")® 876 (very high) 630 (very high) 357(moderate)
pH H,O’ 4.02 (very acidic) 4.28 (very acidic) 4.18 (venjdic)
Exch.-Ca (cmol+ kg)® 4.47 (low) 3.89 (low) 3.94 (low)
Exch.-Mg (cmol+ kg)® 5.48 (high) 6.63 (high) 6.05 (high)
Exch.-Na (cmol+ kg)® 0.04 (low) 1.34 (very high) 0.32 (moderate)
Exch.-K (cmol+ kg')® 0.25 (low) 0.32 (moderate) 0.09 (very low)
KTK (cmol+ kg?)® 32.50 (high) 27.25 (high) 39.00 (high)
Base saturation (%) 44 (moderate) 42 (moderate) (méBlerate)
EC (dS )™ 0.2 0.1 0.02

Al saturation (%'

2.15 (very low)

2.38(very low)

0.5(very low)

Note:"” Procedure of measurements are describé@éae and Bouder (1986Yeomans and Bremner (1988 remner
and Mulvaney (1982)John (1970)%0lsen and Sommers (1982Knudsenet al. (1982);’McLean (1982)fThomas
(1982)?Rhoades (1982a)Rhoades (1982bYExchangeablal, Dougan andVilson (1974).” The values obtained were
categorized as described in Djaenudetial. (1994).
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Figure 1. Lay out of rhizobox.

Tabel 2.Treatments for the rhizobox study

Treatments Notes Treatment combination
Soil origin: Exchangeable Na Clay content (%) 1 2 3
Kuin low 37 Vv
Bunipah Very high 24 v
Guntung Papuyu moderate 41 v
Rice varieties:
Padi Panjang Extreme high yield local variety v Vv v
IR64 Improved variety, as a comparison v Vv v

) each treatment was replicated 4 times.

Soil Solution Sampling measured colorimetrically using methods described
in Kempers and Zweers (1986) andyianget al.
Q998), respectivelyWhile, Pwas determined using
methods described in John (197hHe pH, EC and
ORP were measured directly by inserting its
electrode to the soil solution.

At 4 weeks after sowing, the soil solution of
each segment was collected using a vacuum sampl
bottle as shown in Figure The soil solution
samples were kept in the refrigerator@ till the
next day

Soil Analysis Data Analysis

Standard errors were shown to indicate data

variation in measured soil solution aseated by
treatments.

Soil properties analyses prior to planting were
carried out for characterizing the soils used in the
experiment.The soil properties used in this

experiment are demonstratedTiable 1. RESULTSAND DISCUSS ON

Soil Solution Analysis

, , Changes in NH,* and NO,  Concentrations in
The soil solution samples were analysed for o sojution

their concentrations in ammonium (INHN), nitrate

(NO,-N), and phosphorus (P), pH, electric The NH,* concentrations in various distances
conductivity (EC), and oxidation reduction potential from the rhizosphere are shown in FigurelBe
(ORP).The NH;* and NQ concentrations were pattern of NH* change from the rhizophere of soils
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from Kuin (Figure 2a) and Guntung Papuyu (Figure It was also found that accumulation NH
2c) were similarin these soils, the soluble WH  occurred at soil collected from Bunipah. Zhang and
concentrations in soils grown with Padi Panjang George (2009) suggested that the accumulation of
cultivar and IR64 varieties were always lower than jons in the rhizosphere may be due to high mass
that in control soil without plant. It was observed flow transport of ions in the root surface. However
that the NH" concentration of control soil was this did not occur to soil from Kuin and Guntung
approximately 30 mg t It was likely that plants  Papuyu. This might relate to the higher clay fraction
took up via mass flow mechanism when the level of content of these soils leading to a slower fltnv
NH," concentration was more than 10 mg Chis previous study (Purnomet al. 2010) such
might indicate that some amount of NHvas  accumulation did not appear in soil rhizosphere. This

that there was a depletigghenomenon of NH g soluble NH

concentration in the rhizosphere. This only occurred  compared to NH pattern, the N
4 H

when the initial '_\”T concentration was  cgncentrations in all soils (Figure 3) were negligible.
approximately 30 mgt _ These were consistence with the NO
The limit of mass flow action of Nfican also . centration in the soil (Purnoretel. 2010). The

be observed in soil from Bunipah (Figure 2b). Itwas |, NO - concentrations were also observed in the
found that the NE concentration was °

: v 10 e likelv th | control soil without plant. This indicated that the
approximately mg L. It was likely t. atplant  piviication process was inhibited under waterlogged
was unable to absorb NHrom the outside of the

. ) iti P .2 .
rhizosphere. In low N1 concentration, there was condition (Purnomet al. 2000a and b)
accumulation of Nk in the rhizosphere (Figure 2b).
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Figure 2. Soluble N}1 concentrations at various Figure 3. Soluble N concentrations at various
distances from the rhizosphere. Bars distances from the rhizosphere. Bars
indicate the standard error of means. indicate the standard error of means.
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Changes in P Concentration in Soil Solution the rhizosphere was consistent with result of
) ) Baldovinos and Thomas (1967). They found that

_ Figure 4 shows the concentration P@ithe g4 with high clay content had more available P
soil solution of various distances from the The apsence of soluble P in soil from Bunipah

rhizosphere. In all soils used the amount ofPO  might be due to abundance SolubléFe shown
was negligible in control soil. Howevewith the i Figure 5.

preset of rice plant, there was an accumulation of

PO in the rhizophere for soil from Kuin (Figure Changes in Fe ?* Concentration in Soil
4a) and from Guntung Papuyu (Figure 4c). In Kuin Solution

soil, the accumulation of Ppin the rhizosphere of
Padi Panjang cultivar was higher than of IR64
variety. While, in soil from Guntung Papuyu, the
accumulation of P@ in the rhizophere of Padi
Panjang cultivar and IR64 varieties was simil&ie
accumulation of P in the rhizosphere was not
common (Purnomet al. 2010). It may be suggested g, tion from Bunipah might be due to exudate that
that accumulation of soluble E0n the rhizosphere a5 apje to keep the Fin the soil solution (Hansen
as aresult of the dissolution of P in the rhizosphereg g 2006). In this studythe efect exudates on
soil. This was true for soil from Kuin and Guntung  ¢oncentration Féwas clear in soil from Bunipah.
Papuyu which had high clay contengle 1). It |t was found that this soil had a coarser texture than
was also observed that the high soluble®P®  the other two soils. It was suggested that the mobility

The patterns of Béconcentration in the soil
solution in various distances from the rhizosphere
are demonstrated in Figure 5. In the rhizosphere,
the presence of plant roots increased the soluble
Fe**, except for rhizosphere of IR64 cultivar grown
on soil from Kuin. The increasing of Fén the soil

- 40 - . .
0.25 [a] Soil from Kuin [a] Soil from Kuin
0.20} ol
0.15}F
0.10F 20F
0.05}f ol
0.00f ; ; ‘ ¢
0 1 2 3 4 5 0 - 2 3 4 5
0.251
— [b] Soil from Bunipah 40 -
7 020} . .
o — [b] Soil from Bunipah
0.15f @ PadiPanjang o
S o 30F @ Padi Panjang
e o O hu £ O IR64
a V¥ Soil only = 20} X
@ 0.05f ? V¥ Soil only
=
S | )
2 000} —@ @ 9 £ wf o
o 1 2 3 4 5 B L Y¥—w v v
0 1 2 3 4 5
0.25¢ _ 0
020l [c] Soil from Guntung Papuyu [c] Soil from Guntung Papuyu
30
0.15f
0.10f 20}k
0.05f
10F
0.00} 9 9
0 1 2 3 4 5 0 1 2 3 4 5
Distance from the rhizosphere (cm) Distance from the rhizosphere (cm)

Figure 4. Soluble PO concentrations at various  Figure 5. Soluble P& concentrations at various
distances from the rhizosphere. Bars in- distances from the rhizosphere. Bars in-
dicate the standard error of means. dicate the standard error of means.
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Figure 6. pH of soil solution at various distances Figure 7. EC of soil solution at various distances
from the rhizosphere. Bars indicate the from the rhizosphere. Bars indicate the
standard error of means standard error of means.

of exudates faster that in the coarses soil resultedicarbonate equilibrium to produce ¢&md hydroxyl
more effect on keeping Fesoluble. ions, as shown in Equation 1 and 2.
2 HCO; «——» COZ + H,0 + CQ, [1]

COZ+HO «— 2 OH+ CQ, [2]
The effect of plant on pH of soil solution can . .
o . In the present stugdgoil solution was sampled
be seen in Figure 6. It was observed that the soil, . . : ) )
. . . during the day time and its pH was immediately
solution pHs were much higher than soil pHs.

) measuredTherefore, the high pH reading may be
Purnomeet al. (2009) observed that soil pH ranged : . P : .
4.3-5.5. The higher soil solution pH compared to associated with C(repletion in the soil solution.
soil pH was unexpected. Howeyerstudy of Usui
et al. (2003) showed the change of pH of ponded
water related to the C@oncentrationAs the CQ, In general the presence of plant roots reduced
concentration decreased in the day time the pH ofthe EC readings. The decreasing in EC were very
ponded water increased. In contrast, in the nightclear in soil solution outside of the rhizosphere. The
time pH of ponded water decreased as thg CO EC's at the rhizosphere were higher than outside of
concentration increasedccording Boon and  the rhizosphere (Figure 7). The decreasing in EC in
Vincent (2003) the rise in pH was a direct result of the soil solution as affected by the presence of plant
rapid photosynthetic carbon fixation by the algae, Was also found by Purnonepal. (2005b).
which removed dissolved C@om the pond water . : :
more rapidly than it couI(? be replaced by either Changesin Soil Solution ORP
bacterial respiration or from the air across the pond-
air interface. This results inshift in the carbonate-

Changes in Soil Solution pH

Changesin soil solution EC

The effect of the presence of plant on ORP at
various distances from the rhizosphere loaiseen
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100¢ _ _ observed that the amount of P in soil solution may
oo | [ SO from Kuin be associated with the FeAs the soluble Pe
existed, the P disappeared from the soil solution.
or Exudates may be responsible foP'‘Ha the soil
-50 | solution. This was observed in soil from Bunipah

100} 8%9: =Q= vC which had a coarser texture. It was also found that
pH readings of the soil solution were much higher

501 than that in soil. The presence of plant root lowered

100+ 0 _ 1 _2 3 4 5 the pH of the soil solution. The nutrient uptake by
[b] Soil from Bunipah plant caused the decrease in EC. The higher ORP

50r @ Padi Panjang in soil solution in the presence of rice plant reflected

o} O IR64 the oxidation power of this plant.
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