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ABSTRACT

Acidic dry land in Lampung is potential for soybean development area. Low soybean yield in farmer level is one of
factor causing its’ low competitiveness. Soil fertility is the main constrain related to low yield of soybean. Objective

of the research was to diagnose a cause of poor soybean growth on dry land Ultisol at Sukadana sub District, East
Lampung District. Soil and soybean plant samples were collected from farmers’ field at Sukadana ilir village during
planting seasoApril — July year 2010. Plant and soil samples were taken when soybean at R1 stage (starting to
bloom) using stratified random sampling methbik result showed that variability of soybean growth on Ultisol at
Sukadana, East Lampung related to variability of soil pH, exchangdlablehangeable K, Ca, and Mbhe poor

soybean growth was due to low soil pH, high exchangédblew exchangeable K, Ca, and Mg.

Keywords Chemical propertie$lycine max, Ultisol

INTRODUCTION Observation in farmers’ field at Lampung in
year 2003-2006 and 2010 showed that there was

Lampung Province is one of potential soybean _huge variation in soybean growth performance even

development areas in Indonesia. Dry land areas i the same land and managem@&his can be due
Lampung that suitable for agriculture development to the diference in soil fertlllt_y condltlonTht_eson
cover 639,518 ha of 3,195,000 ha, and it is dominated€re soybean grows well might have fertility status
by Ultisol and Oxisol (Sudaryantet al. 2002). better than the poor one. Soil analysis is one of the
Average soybean productivity in Lampung in 2008 proper tools to identify what is the soil fertility
and 2009 was around 1.2 Mg-h@BPS 2010). factor that might cause the fdifence of soybean
Soybean vyield reached 1.5-2.5 Mg-hay  drowth performance.

appropriate soil fertility managementagfiq and Soil is a medium for root growth, and the root
Mansyuri 2005Taufiq et al. 2007). absorbs water and nutrient from the sbilerefore,

Ultisol in Indonesia have a wide range soil fertility condition will afect nutrient absorption

characteristic depending on parent materialPY Plant root, and as the resuit willfedt plant

(Prasetyo and Suriadikarta 2006), and therefore thigfOWth- By comparing soil analysis data taken from
will rise a various problemVariability of soil ~ 900d and poor plant growth performance, it can be

condition and cultural practices can exhibit diagnosed what is a possible fertility factor that
variability of soybean growth. Geneticalsoybean ~ C2use€ the problem. _

growth interact with environmental condition. Objective of the research was to diagnose a
Naeveet al. (2008) reported that high-yielding Cause Of poor soybean growth on dry land Ultisol
environments produced soybean plants with greateft Sukadana sub District, East Lampung District.
canopy N reserves and total dry mat@awchik MATERIALS AND METHODS

and Mallarino (2008) and Caet al. (2003) found

intercorrelation between variability of soil Study Site

properties and soybean yield. Soil and soybean plant samples were collected

from farmers’ field at Sukadana ilir village,
Sukadana sub district, East Lampung district during
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Soybean Cultural Practices Al (extracted with IN KCI), available Fe and Mn

_ , (extracted with DTR).
Farmer planted soybeanAfjasmoro variety

with planting distance of 40 cm between row and Statistical Analysis
15 cm within rowtwo plants per hole. Fertilization
using Urea at rate of 45 kghl was applied at 15
days after planting (DAP).

The data was analyzed using descriptive
statistic. Correlation and regression methods were
applied to detect interrelationship between soil and
Plant Sampling plant parameter

Plant samples were taken at R1 phase (starting
to bloom, about 35 DAP) using stratified random RESULTSAND DISCUSSION

sampling method. Stratification was based on plant
growth performance. Soybean sampled was

Anjasmoro varietyand no insect or disease attack. Plant height and shoot dry weight (SDW) of
Soybean plant in the farmers’ field was grouped into good plant growth showed higher than poor and
three categories based on the plant growthmedium plant growthAt R1 stage, plant height of
performance in the field: (1) poor plant growth: poor and medium plant growth was 12.0-32.5 cm,
dwarfed or stunted, lack vigor of stem and leaf, smallwhile plant height for good plant growth was 33.5-
leaf size and there was interveinal chlorosis starteds1.3 cm.The SDWof poor and medium plant
on the leaf margin, and necrotic spot on the oldergrowth was 0.17-2.23 g plahtvhile SDW for good
leaves, (2) medium plant growth: little bit dwarfed, plant growth was 4.80-12.35 g plar(rable 1).
little bit vigorous stem and leaf, normal green leavesshoot dry weight (Y) correlated exponentially with
and no nutritional disorder symptom, and (3) good pjant height (X) with equation &f = 0.0931*@&101x
plant growth: plant grows normallyigorous stem  (Figure 1). It means that accumulation of shoot
and leaf, normal green leaves and no nutritionalhjomass did not increase linearly as plant height
disorder symptom. increase. Reducing light intensity due to shading
The total of fourteen plant SampleS was taken.can cause p|ant grow h|ghd}]’nger internode, but
They consisted of five samples of poor plant growth, [ower number of the leaf (Susanto and Sundari
four samples for medium plant growth, and five 2010), and this phenomenon more or less same with
samples of good plant growth. Each sample effect of photoperiods as reportedAyfin (2008).
consisted of composite of 9 to 21, 7 to 12, and 2 toaifin (2008) showed that shorter photoperiods cause
6 plants, respectivelfrhe collected samples were soybean plant grow shortétant height has a high
washed with fresh water to clean soil and dust, air correlation and a significant direct effect on soybean

Plant Height and Shoot Dry Weight

dried and oven-dried. yield (Sumarno and Zuraida 2006).
Soil Sampling

Soil sample was taken from root zone at place [ ]
where plant samples were pulled olihe soil 5 150
sample was taken at the same time of plantz 135 Y =0.0931610%
sampling.The collected samples were-diied, -3 12.0f R2=0.93 *
crushed and sieve and preserved for analysis. Soili 10.5
analysis conducted at Soil and Plant Laboratory ofs 9
Indonesian Legumes ariiber Crops Research 8 7]
Institute at Malang. & i'g
Parameter Observation ig

Plant parameter observation was consisted of  0.00—T— L
plant growth performance visuallylant height, and 0 5 10 15 20 25 30 35 40 45 50 55
weight of oven-dried shoot (SDW)Soil analysis Plant height (cm)

consisted of pH (1:2.5), total Cganic (Curmis
method), total N (micro Kjedahl), available P (Bray
method), exchangeable K, Ca, and Mg (extracted
with 1 N ammonium acetate, pH 7), exchangeable

Figure 1. Relationship between soybean shoot dry
weight and plant height at R1 stage
growth on Ultisol Sukadana, East
Lampung during the second rainy season
of year 2010.



Table 1.The performance of soybean plant height and shoot dry weight at R1 stage, and characteristic of Ultisol Sukadana, East Lampung, year 2010.

Plant

Shoot dry

Growth height weight oH Exch-AI_ TotalN  OrganicC  P-Bray| Exch-K_ Exch-Cg Exch-Mg DTPA-Fe DTPA-Mn
performance @m) (g plant) (me 100 &) (%) (%) (ppmBO:) (Mme100g) (me100¢) (mel100¢)  (ppm) (ppm)
Poor 14.3 0.33 4.0 1.11 0.08 1.60 60.40 0.13 0.63 330 214 2.90
Poor 12.0 0.17 4.2 0.89 0.14 1.42 20.80 0.06 0.80 380 259 2.71
Poor 21.3 0.84 4.4 1.33 0.11 2.05 17.20 0.05 0.99 460 316 2.32
Poor 24.4 1.21 4.3 1.34 0.12 2.51 31.80 0.06 1.31 570 300 2.09
Poor 24.4 1.33 4.3 0.89 0.10 1.40 26.50 0.07 1.01 500 153 2.29
Poor 19.0 0.91 55 0.25 0.17 2.23 21.50 0.07 0.78 580 274 1.89
Poor 21.1 0.83 6.0 0.00 0.17 1.81 13.60 0.06 1.25 520 263 1.96
Medium 26.2 1.64 4.3 0.45 0.08 2.23 43.30 0.10 0.91 0.47 155 3.01
Medium 28.1 1.72 4.7 0.22 0.11 2.50 14.30 0.07 2.48 0.58 242 2.31
Medium 32,5 2.23 4.8 0.67 0.12 2.36 17.20 0.07 2.12 0.71 268 2.53
Good (normal) 335 5.73 4.4 0.45 0.09 2.02 99.30 170. 1.22 0.50 171 3.02
Good (norma 435 5.55 5.0 0.00 0.13 2.22 53.60 0.21 2.58 0.60 70 1 2.33
Good (normal 40.2 4.8( 5.€ 0.0( 0.0¢ 24.0( 0.11 3.8¢ 0.72 132 2.7€
Good (normal)  51.0 12.35 5.3 0.45 0.15 2.28 28.30 0.11 1.88 0.70 242 2.55
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Figure 2. Relationship between pH with soybean shoot dry weight and plant height at R1 stage growth
on Ultisol Sukadana, East Lampung during the second rainy season of year 2010.
Soil Properties and Plant Performance between plant height and SDW with pH was linear

with regression equation df= —93.3 + 26.97 X,
R?= 0.83 andY=-30.5 + 7.44 X, R=0.64
respectively (Figure 2). The coefficient
determination value @Rof these equation indicated
that 83% of plant height and 64% of SDW variability
might be due to soil pH variation. Plant height and
h SDW at R1 stage increased as pH increased from
"4.2 up to 5.3. Howevemplant height and SDW
decreased on soil pH > 5.3. Pooylsean growth
on soil pH 5.5-6.0 might be due to low exch-K (0.09-
0.07 me 1004 This data indicated that there was
another factor rather than pH affected soybean
growth on Ultisol Lampung at the study site.
Exchangeablél (exch-Al) varied from 0.0 to
1.34 me 100 ¢ (Table 1). Pogmedium, and good
soybean growth were shown on soil having exch-
Al 0.0-1.34, 0.22-0.67, and 0.0-0.45, respectively

Poor, medium, and good soybean growth
performances grow on soil pH 4.0-6.0, 4.3-4.8, and
4.4-5.6, respectively @ble 1). Critical soil pH for
soybean is 5.5 (Follett al. 1981). Even thought
the majority of soil pH at the study site was below
the critical pH value (able 1), but there were
soybean plants that performed good growt
Purwantorcet al. (2007) reported that soybean of
Tanggamus, Sibayak, Seulawah, &vitls variety
can produce 1.6-1.9 Mg halry seed on soil pH
4.4 and exch-Al 1.2 me 100'go0il which were
fertilised by 35 kg N hé+ 36 kg ha P,O, + 60 kg
ha' K,O. This indicated there was another factor
contributed to the variability of soybean growth.

On soil pH between 4.2 to 5.3, plant height and
SDW at R1 stage positively correlated with pH with
r=0.92 and r =0.79, respectiveline relationship
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Figure 3. Relationship between pH and exchangeable Ca (exch-Ca) with exchaAgéatih-Al)
on Ultisol Sukadana, East Lampung.
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Figure 4. Relationship between soil organic C with plant height and shoot dry weight on Ultisol
Sukadana, East Lampung.

Plant height and SDW negatively correlated with Was positively correlated with exch-Ca<0.69)
exch-Al (Table 2). Exchangeablal (exch-Al) ~ and exch-Mg (0.74) @ble 2). Poor soybean
negatively correlated with pH (r =—0.75) and exch- 9rowth on soil pH < 5.3, therefore, was not only
Ca (r = —0.55). It means that increasing pH anddue to low pH as such, but also due to low exch-
exch-Ca could reduce exch-Al (FigureAuminum  Ca and exch-Mg. Soybean stunted and necrotic
is in insoluble state on soil p+5.5 (Lindsay 1979).  SPot on older leaf were a common symptom
Hairiah et al. (1998) found that on soil pH 5-5.5, @ppears in the field. This symptom could be due to
1% of Al on Ultisol Lampung in the formfo ~ Ca and Mg deficiencyCalcium is immobile
monomeric-Al. Increasing pH and/ or Ca supply nutrientin the plant, but at very slow growing plants

could reduceAl saturation and better soybean With a deficient supply of calcium may re-
growth (Sartain and Kamprath 1977). translocate sufficient calcium from older leaves to

Exchangeable Ca (exch-Ca) and Mg (exch- maintain growth with only a marginal chlorosis of
Mg) where soybean plant performed medium andthe leaves (Fegeria 2009).
good growth was commonly higher than in the Organic C content varied from 1.42 to 2.51%
poor one (&ible 1).The exch-Ca where soybean (Table 1). Pogmedium, and good soybean growth
plant performed poomedium, and good growth ~Were shown on soil having organic C 1.42-2.51, 2.23-
werein the range of 0.63-1.31, 0.91-2.48, 1.22- 2.50, and 1.92-2.28 respectivelgven thought
3.85 me 1004 respectivelyThe exch-Mg where organic C status was lgwut total N was around
soybean plant performed poaredium, and good 0.1% (high). There was week correlation between
growth werein the range of 0.33-0.58, 0.47-0.71, organic C and total N with plant height and SDW
and 0.50-0.72 me 100'grespectively Fegeria  (Table 2). Howeverthe soil where soybean grows
(2009) reviewed from many researches andmedium-good having higher organic C (Figure 4).
showed that optimum exch-Ca and Mg for soybeanFigure 4 showed that good soybean growth was
is 2.8 and 1.4 me 100tgespectivelyPlant height ~ Shown on soil having organic C 2.0-2.5%.

Table 2. Correlation between Ultisol characteristic from root zone with plant height and shoot dry
weight of soybean at R1 stage on Ultisols Sukadana, East Lampung, year 2010.

Soil characteristics

Variable Exch-Al Organic Exch- Exch- Total  P-  Exch- DTPA- DTPA-
C Ca Mg N Bray 1 K Fe Mn
Shoot dry weight -0.33 021 041 055 0.12 024 904 -025  0.28

Plant height -0.45 0.32 0.69 0.74 0.03 0.11 0.50 .350 0.24
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Exchangeable K (exch-K) varied from 0.07 to me 100 ¢, exch-Ca& 2 me 100 g, and exch-Mg
0.21 me 100 ¢(Table 1). Good plant performance > 0.5 me 100 §(Table 1).
was shown on soil having higher exch-K. Roor Field observation showed that poor plant
medium, and good soybean growth were shown orngrowth showed dwarfed, interveinal chlorosis started
soil having exch-K 0.05-0.13, 0.07-0.10, andl®.1  on the leaf margin, and necrotic spot on older leaf.
0.21 respectivelyCritical level of K for soybeanis The medium plant growth showed little bit dwarfed,
0.2-0.3 me 100gsoil (Franzen 2003). Exch-Kwas but having normal green leaf. From the data above
positively correlated with plant height (r= 0.50) and and the visual symptom point of view indicated that
SDW (r=0.49). Soybean stunted, interveinal there was potassium, magnesium, and calcium
chlorosis started on the leaf margin were a commondeficiency Taufiq and Mansyuri (2005) found that
symptom appear in the field. This symptom could low pH, low available P and K cause low soybean
be due to potassium deficiendyursyamsi (2006) yield on Ultisol Lampung. By using DRIS index,
found that soil organic-C and cation exchange Wijanarkoet al. (2007) found that deficiencies of
capacity were the main soil factors that effect onK, Ca, and P on Ultisol Lampung become limiting
soil K availability in Ultisols. Therefore, building up factors for soybean to produce high yield.
soil organic matter might be encounter potassium
deficiency High soil K improves soybean leaf K
concentration (¥ andvyn 2005).

Available Pcontent was high in all samples That variability of soybean growth on Ultisol
(Table 1). Critical level of availablefBr soybean at Sukadana, East Lampung was related to
is 13.7-22.9 ppm @, (Tandon and Kimno 1993; variability of soil pH, exchangealbd, exchangeable
Franzen 2003)Available P(Bray 1) on Ultisol K, Ca, and Mg. The poor soybean growth was due
Lampung categorized as low for soybean if < 12.8to low soil pH, high exchangeabl&l, low
ppm PO, (Wijanarko and Sudaryono 2007), < 12 exchangeable K, Ca, and Mg.
ppm BO, (Nursyamskt al. 2004).There was no P
deficiency symptom on soybean leaf of poor plant
except stunted growth. Ultisol in the study site had
low soil pH and high exch-Al and therefore had high Arifin. 2008. Response of soybean on different
P retention that lead to reduce P absorption by plant. ~ photoperiodsJ Agrivita 30 (1): 61-66.

Igeetal. (2007) reported that phosphorus retention Bansal RLandVK Nayyar. 1990. Critical manganese
becomes higher on low soil pH and high exch-Al. gg;?;e;;yzlge,-vigr18507ybean grown in Ustochrepts.
e o v e Cox S, P Gorar, Marla st W,

2003 .Variability of selected soil properties and their
performances. DT®extractable Fe and Mn content relationships with soybean yielgbil Sci Soc AmJ
was 133-300 ppm Fe and 1.9-3.0 ppm Mal(€ 1).
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REFERENCES

67: 1296-1302.

Field observation did not find Fe or Mn deficiency Fegeria NK. 2009The Use of Nutrients in Crops Plants.
or toxicity symptom. No high correlation between CRC Press, Brazil. 430 p.

Fe and Mn with plant height and SD{¥able 2), Follet RH, LS Murphy and RL Donahue. 1981.
means that Fe and Mn were not responsible to poor E%ti'tiegzggdpggAEdmts- Prentice Hall,
soybean growthlhe critical DTRA extractable Mn N ' i ' : .

Iev):al for s%ybean in Ustochrepts is 3.3 mg kg-1 soil Franzen DW2003. Soybean Soil Fertilibhttp//

www.ext.nodak.edu/extpubs/plantsci/ soilfert/
or 3.3 ppm (Bansal and Nayyar 1990). sf1164whtm.Acceses on 24 March 2003.

Nutrient availability and organic matter content Hajriah K, S Ismunandar and E Handayanto. 1998.
are important fertility factorSoybean could grow Biologically soil management of dry land in wet
well with SDW 5.73 g plariton soil pH 4.4 but climatic area through holistic and local specific
having available P 99.3 ppm®, exch-K 0.17 me approach toward sustainable agriculture system. In:
100 g, and exch-Ca 1.22 me 100 (fable 1). Its Sudaryonoh Taufig, Suyamto andWinarto (eds).
indicated that negative fett of low pH can be Prosiding Seminar Nasional dan Pertemuan
encounter by high soil, K, and Ca content. Based Tahunan Komisanat Daerah Himpunan llifanah

. Ind iaTahun 1998 (Buku 1), pp. 12-28 (i
on growth performance at R1 stage indicated that lgdgr?;s;:nf un (Buku'1). pp (in

soybean could grow well on Ultisol Lampung which gps [Badan Pusattatistik]. 2010. HarvesArea-

pH e> 5, exch-Al <0.5 me 100%gorganic C 2%,
available RBray 1)> 24 ppm BO,, exch-K> 0.11

Productiveness — Production of Soybean in
Lampung province. http://mwwdps.go.idAccessed
on 5 January 2di(in Indonesian).



J Trop Soils, @l 17, No. 1 2012: 43

indirect efects of soil properties on phosphorus
retention capacitysoil Sci Soc AmJ 71 (1):95-100.

Lindsay WL. 1979. Chemical Equilibria in Soil#\

Wiley-Interscience Publicatioforonto. 449 p.

Naeve SL,TA O’Neill and JE MillerGarvin. 2008.
Canopy nitrogen reserves: impact on soybean yield

and seed quality traits in northern latitudégron
J 100 (3): 681-689.

Nursyamsi D. 2006. Potassium for soybean on Ultisol.

| Tanah Lingk 6 (2): 71-81 (in Indonesian).

Nursyamsi D, MT Sutriadi and U Kurnia. 2004.

Ige DV, OOAkinremi andDN Flaten. 2007. Direct and Sumarno and N Zuraida. 2006. Correlative and causative

relationship among soybean yield componen and
yield. J Pen Pert Tan Pangan 25 (1): 38-44(in
Indonesian).

Susanto G\W andT Sundari, 2010. Evaluation of fifteen

soybean genotipes under 50% light intensity and
plant charracteristic based on their phenotiic.
Biol Indon 6 (3): 459-471.

Tandon HLS and 1J Kimmo. 1993. Balance fertilizer

use, Its practical importance and guidelines for
agricultural in theAsia-Pacific Region. ESCAP/
FAO/UNIDO, NewYork. 49 p.

soybean on acidic soilypic Kandiudox at
Papanrejo Lampung.Tanah Iklim22: 71-81 (in
Indonesian).

Prasetyo BH and DA Suriadikartd®d@. Charracteristic,

potential, and management of Ultisol for
agricultural development in dry land in Indonesia.
J Litbang Pert 25 (2): 39-46.

Purwantoro H, Kuswantoro and DMrsyad. 2007.

Performance of soybean lines on Ultisol. In: D
Harnowo,AA Rahmianna, N SalelA, Kasno and

on tolerant soybean variety on acidic soil at
Lampung.J Pen Pert Tan Pangan 24 (3):147-158

Taufig A, Marwoto, Heriyanto, MADarman and S

Hardaningsih. 2007. Integrated soybean crop
management on acidic dry land Lampung. In: D
HarnowoAA Rahmianna, N Salel Kasno and
Sudaryono (eds). Prosiding Seminar Peningkatan
Produksi Kacang-kacangan dan Umbi-umbian
Mendukung Kemandirian Pangan. Puslitbangtan,
pp. 216-232 (in Indonesian).

Produksi Kacang-kacangan dan Umbi-umbian
Mendukung Kemandirian Pangan. Puslitbangtan,
Bogor, pp. 23-32 (in Indonesian).

Sartain JB and EJ Kamprath. 1977feef of soilAl

saturation on nutrient concentration of soybean
tops, roots, and nodule&gron J 69: 843-845.

Sawchik J and\P Mallarino. 2008 Variability of soil
properties, early phosphorus and potassium uptake,
and incidence of pests and weeds in relation to

soybean grain yieldAgron J 100 (5): 1450-1462.

Sudaryanto B, G Purwanto, D Suherfmsmeinardi and

Nasrul. 2002. ZonasiAgroekologi Provinsi
Lampung. Buku I. Balai Pengkajiareknologi
Pertanian Lampung. 29 p.

test for soybean on Ultisol Central Lampung.Dn:
HarnowoAA Rahmianna, N Salel Kasno and
Sudaryono (eds) Prosiing Semminar Peningkatan
Produksi Kacang-kacangan dan Umbi-umbian
Mendukung Kemandirian Pangan. Puslitbangtan,
Bogor, pp. 233-242 (in Indonesian).

Wijanarko A, A Taufig and H Kuntyastuti. 2007.

Diagnosys of nutrient status for soybean on acidic
soil using DRIS methodl Pen Pert Tan Pangan
26 (03): 200-205

Yin X andTJ Vyn. 2005. Critical Leaf Potassium Is

Higher in No-Tll SoybeansBetter Crops 89 (2):
3-5.



