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ABSTRACT

The existence of soybean varieties and soil type interaction causes differences in productivity of soybean varieties
in agroforestry systems wiltayu putih Soil quality parameters (physical, chemical and biological characteristics) will
affect the productivity of soybean varieties. The objective of this study was to reveal the relationship between soll
quality parameters with soybean varieties suitability in agroforestry systenkayithputihover three locations in
which their soil type were dérent,i.e. Lithic Haplusterts, Ustic Epiaquerts axidrtic HaplustalfsThe study was
conducted from May téwugust, 2018 in Menggoran Forest Resort, Playen District, Gunungkidul Regresial
Province ofyogyakarta, Indonesi@he highest yield of soybean per hectare on Dering | grown in Lithic Haplusterts and
Ustic Epiaquerts was 1.38 and 1.27 ton&.hespectivelywhile Grobogan in Ustic Epiaquerts 1.24 tons.lizering |
showed the mean of the highest yield and most suitable in all soil types, while Gema showed the mean of the lowest yield
and not suitable in all soil types. Soil quality parameters that had a significant influenced on the production of soybean
varieties in agroforestry systems wikiyu putinwere chemical characteristic consisting of availability, 1, NH,",

Mn and Ca.

Keywords: soil type; soil characteristic; yield of soybean.

INTRODUCTION be intercropped witkayu putih (Suryantcet al., 2017b).
This is possible becausayu putihtrees were pruned

Soybean is the leading commaodity food security in i
Indonesia. Consumption of soybean per year Wa{gutmely to harvest the leaves, thus the shade factor

projected to continuously rise from 812 thousand tons ﬁ{d not afect annual crop#groforestry withkayu putih

2005 to 946 thousand tons in 2020, indicating an avera %uld be done continuously for 30 years (Suwigayo

increase of 1.02% per yeBesides, the average population 1., 2015), . .
. . . One of the easiest and cheapest technologies to
growth within the same period was also projected as 1.40% S . .
|gcrease soybean productivity is the introduction of new

peryearThus, the total soybean production was prOJeCtevarieties that have high yield potential (Indonesian

to increase from 1.84 million tons_ in 2005 to 2.64 miIIionAgency forAgricultural Research and Development,
tons in 2020, or an ayerage rise of 2.44% per ye%w). Howevervarieties that have high yields in one soil

(Sudaryanto and Swastika, 2016). type are not necessarily suitable and stable for all soll
The space betweekayu putihstands can be usedtypes. That is causes there is G x E interaction (Gauch,

as an alternative to soybean cultivati®oybean could 2006; Piephcet al, 2016). Krisnawti & Adie (2018)
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reported that G2 and G6 genotype were considered RsATERIAL AND METHOD
high yielding and stable promising lines of soybean across 1,4 experinent was conducted in Menggoran Forest
environments in which their soil type, seasonal rainfalhesort Playen District, Gunungkidul Regenspecial

and altitude. Province ofYogyakarta, Indonesia from May fagust

The sustainability of soybean varieties prOdUCtiVi%Ol& This area was located +43 km to the south-east of
can be done by selecting suitable and stable Soybe\‘?@gyakarta City (Figure 1)

vgrletles in various s_on_types. It can maximize fche potcentlal The soybean varieties were from Indonesian Legu-
yield of these varieties and reduced fertilizer inpug

E Union. 201 tal (2019 ted that mes and Tuber Crops Research Institute in Malang
(European Union, Alametal, ( ) reported tha FegencyEastJava Province, Indonediae experimen-

Denpg | and Devon I.vanetles had higher stability as we bl plots cover an area of 24 (6 x 4 m) in the area between
as higher mean of yield and Burangrang, Grobogan a . .
. . . . . ayu putihstands and the harvest area of 20axcluding
Gema gave medium-high yield and poor yield with poor .
. . . the border rows. The plant spacing was 40 x 20 cm. No
adaptation. Howevethe unknown soil quality parameters, ..~ . - . L
- . fertilization and pesticide were carried out in this study
are a limiting factor for soybean production. L . . L
. Lo rrigation did not performed because the field used in this
Soil quality is one of the three components o

. o " : . study was rainfed area.
environmental quality in addition to air and water quality . .
The experiment used a Randomized Complete Block

Soil quality is an assessment of how the soil functions a?I%CB) design with five blocks as replication. The first

prepared for the future (Andreves al, 2002; Makalew i in M E R
2011). Soil quality depends on a specific soil type and tﬁgctor was soil type in Menggoran Forest Resort

maintenance of plant and animal sustainability (AndreV\Fsons,IStIng of Lithic Haplusterts, Ustic Epiaquerts and
et al, 2004). Integration of soil chemical, physical anyerpc.Haplustallfs:The secgnd factor was soybean
biological attributes is the concept of soil quality that igarletles consisting ofAn.Jasmoro, Argomulyo,

dynamic and sensitive to soil management practices (B”gﬁiurangrang, Demas |, Dering |, Devon I, Gema and
etal, 2017). Qetal (2009) stated that soil quality evaluation>"°P09an- _ _
using soil quality measurement could reduce data and saved T "€ Sil quality parameters observed was soil
time and moneySoil quality afected the successful Properties (physical, chemical and biologycal

sustainable production of rice in agroforestry system wiffharacteristic) (@ble 1). Soil quality parameters
kayu putih(Suryantcet al, 2017a). observation was carried out at the research site, at the

Several studies related to soil quality assessmefieneral Soil and General Microbiology Laboratégculty
showed different land evaluation parameters. Soil qualiff Agriculture, Universitas Gadjah Mada, the Special
measurement was very dependent on the diversity Bfovince ofYogyakarta, Indonesia.he observation of
location, scale, land management and research objectfRybean yield was seed dry weight per hectare. Soybean
(Rousseatet al, 2012). Studies related to soil qualityseed was dried under sunlight to 11 % of moisture level
assessment had been carried out in the same location(f@¢ryantcet al, 2017a).
rice. Suryantoet al. (2017a) showed that soil quality =~ The models musbe evaluated so that assumptions
parameters that play a role in rice productivity irfan be fulfilled. The normality test was carried out using
agroforestry withkayu putihwere amount of soil the Kolmogorov test and Q-Q plot (Moncadaal,
microorganisms, availability of phosphorus and exchan@®14). MANOVA was used to determine the significant
of potassium. effects on assessed physical, chemical and biological

Soil quality parameters consisting of physical, chemicaariables. F-statistics ailiks’ Lambada tests obtained
and biological characters in each soil types in the stuf§@m MANOVA are used to test the null hypothesis
location will affect the production and suitability of soybeariegarding overall treatment (Hatcher & Stepanski, 1994).
varieties. The prediction of soil quality parameters for eachwo-wayANOVA was used to test the yield of soybean
soybean varieties suitability is expected for monitoring arkgrieties in different soil type, and the separation of
evaluating the production of soybean varieties in differempeans was subjectTaikey’s HSD @ = 5%) (Hinkelman
soil types. The objective of this study was to reveal th& Kempthorne, 2008).
relationship between soil quality parameters with soybean Soybean varieties suitability were graphically analyzed
varieties suitability in agroforestry system whkthyu putih  for interpreting GE interaction using the PCA-Biplot. PCA-
This study would help researchers uncover critical areasiiplot analysis, which consisted of two concepts, the
soybean cultivation on agroforestry system Witlu putih  biplot concept (Gabriel, 1971) was employed to visually
that many researchers could not be able to explore. Thusirealyze the soybean varieties in each soil type trial. The
new theory on limiting factors in each soybean varieti€2CA-Biplot graphic was made in Rfflio (RSudioTeam,
might arise. 2015) using pca3d pkage (Veineret al.,2012).
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Figure1: Geographical locations of the study area (latitude 7° 52 59.5992“ S to 7° 59 41.1288" S and longitude 110° 26‘ 21.462"E

to 110° 35' 7.4868" E)

Table 1: Procedure methods for measurements of each indicator

Variable Symbol Procedures methods Reference
Physics:
1. SoilTexture Silt, Sand, Clay Robinson Pipette Method Aubertet al (1954)
2. Bulk Density BD Ring Sample Blake & Hartge (1986)
3.Available Soil Moisture ASM Gravimetric Alam (2014); Dwidjopuspito (1986)
4. Permeability Perm Permeameter Blake & Hartge (1986)
Chemical:
Ratio Soil ‘Aquadest=1:2,5; .

1. pH HO pH bH Meter Van Reeuwijk (1993)
2. Soil Organic Matter SOM Walkey and Black Black (1965)

. . AmmoniumAcetate Hajeket al (1972);
3. Cation Exchange Capacity CEC Extraction Van Reeuwijk (1993)
4. Electrical Conductivity EC Ratio Soil Aquadest=1:2,5; Richards (1954)

EC Meter
5.Available of Nitrate
. NO, and NH* Devardas Alloy Method Stenhorret al.(2009)
andAmmonium 3
6. Available of Phosphorus P Olsen Extract Olsenet al (1954)
(Spectrophotometry)
7.Available of Potassium AmmoniumAcetate Extraction;
K and Na Jones Jr (2001)

and Sodium

Flame Photometer

8.Available of Calcium, Magnesium, Ca, Mg, Fe,
Iron, Manganese, Copper and ZincMn, Cu and Zn

AmmoniumAcetate

Extraction;AtomicAbsorption Jones Jr (2001)/an Reeuwijk (1993)

Spectrophotometry(AAS)

Biology:
1.Amounts of Bacterium AB Dilution-Plate David & Davidson (2014)
2.Amounts of Fungi AF Dilution-Plate David & Davidson (2014)
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One-wayANOVA, factor Analysis and stepwise The result of two-waANOVA (p < 0.05) showed that
regression were used to relationship between the stikere was an interaction between soil type and soybean
quality parameters with soybean varieties suitabilityarieties concerning the yield of soybean per hectare (Fi-
(Andrewset al, 2002; Govaertst al,, 2006; Smitletal, gure 2). The highest yields were produced by Dering |
1993). MANO\A, ANOVA, FactorAnalysis and &pwise varieties cultivated at Lithic Haplusterts and Ustic
regression were carried out using SAS software versid@piaquerts, namely 1.38 and 1.27 tonsreapectively and
9.4 forWindows. Satistical analysis was carried out byin Grobogan at Ustic Epiaquerts of 1.24 tons.S@ybean
PROC GLM, MIXED, PRINCOMAACTOR and REG (SAS varieties showed difference in yield per hectare when grown

Institute Inc, 2013). in Lithic Haplusterts, Ustic Epiaquerts anrtic
Haplustalfs. This was due to the G x E interaction so that
RESULT AND DISCUSSION each soybean varieties response differently to each soil

The study site had an ustic moisture regime. Usttypes (Alamet al, 2019). The relationship between
moisture is a soil regime containing limited moisture but isroductivity and soil was very complex and highly
suitable for plant growth when the environmental conditiongependent on the physical, chemical and biological nature
favour (Boettingeet al, 2015).The altitude of the study of the soil and external factors (Adams, 2016; &yal,
site varied from 100 to 200 meters above sea level. The #291).
temperature ranged between 24.80 to 26.40 °C. The relative Principal component analysis (PCA) Biplots of the to-
humidity ranged between 81.90 % and 86.50 %. The total data set of soil quality parameters were performed with
rainfall in the study area was 2,005 mm yedihe macro varimax rotation (orthogonal) gdubiet al, 2009; Coet
and micro climates in the study site were highly suitable faid., 2003; Shukl&t al, 2004b). The results of PCA Biplot
soybean cultivation (Djaenudéat al, 2011). showed that Dering | had the mean of highest yield and

Lithic Haplusterts was included into thertisol soil was suitable for all soil types. Different things were
type that had a shallow solum and rock contact of 50 csmowed by Gema, which had the mean of lowest yield and
from the surfacevertic Haplustalfs waalfisol soil type  was not suitable in all soil types. The position of
with vertic characteristidJstic Epiaquerts wasgertisol Anjasmoro varieties in the center point. This can be
soil type that had fracture of >5 mm and thickness of >2hterpreted thahnjasmoro had the mean of moderate yield
cm for 90 days each year in a reasonable condition whand suitable for all soil types (Figure 3).
it was not irrigated (Soil Survey Staff, 2014). In general Xu et al (2014) reported that the presence of G x E
soybean was suitable to be planted in Lithic Haplusteritsteractions gave different responses to rice yields to
andVertic Haplusterts. Howevdt was maginally suitable variations in soil types in various locations. Jandoeing
to be planted in Ustic Epiaquerts because the land wals (2011) reported that soybean cultivars ‘Kyado’ and
flooded during the wet season (Djaenueliml, 2011).  ‘Sebore’ have a good performance in soil with pH ranged

1,50

1.38a

1,40

1,30

1.13bed 1.15bc 1.15be

ton.ha!

Anjasmoro Argomulyo Burangrang Demas I Dering I Devon I Gema Grobogan
OLithic Haplusterts A Ustic Epiaquerts  BVertic Haplustalfs

Figure 2: Yield of soybean varieties per hectare on the various of soil types.
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Tabel 2: One way analysis of variance (AN@)/of soil quality parameters

No. Soil Quality Parameters Unit
Lithic Haplusterts Ustic Epiaquerts Vertic Haplustalf (%)

1. Clay % 60.34 £ 2.88 53.59 + 1.68 78.50 + 2.01 8.78
2. Silt % 3258 £2.37 35.71+£1.18 16.17 + 1.49 14.32
3. Sand % 7.08 £ 0.5%° 10.70 + 1.65 5.33+0.70 36.37
4.  Bulk Density gcm? 1.15+0.03 1.08 £0.04 1.14 £ 0.04 6.32
5. Available Soil Moisture mm cm* 3165.00 + 364.92 2002.20 + 138.44 3094.10 £ 275.42 12.33
6. Permeability cm ht 0.00 = 0.00 0.00 = 0.08 0.00 = 0.00 0.00
7. pHHO - 8.18 £ 0.04 7.80 + 0.06 7.69 + 0.08 1.63
8.  Cation Exchange Capacity cmol(+1).kg 58.83 £ 0.18 65.30 + 0.90 32.65 +0.20 2.19
9.  Electrical Conductivity uS cmt 1689.90 + 63.32 1870.50 + 27.92 1154.80 + 61.07 6.13
10. Soil Organic Matters % 2.62 +£0.03 2.75+£0.09 2.73 £ 0.07 5.23
11. Ammonium ppm 39.39 £ 3.91 56.76 £ 7.21 51.00 £ 1.54% 18.87
12. Nitrate ppm 86.18 + 14.42 143.21 + 33.65 82.73 +10.24 39.70
13. Phosphorus ppm 6.87 £ 0.57 18.76 + 2.58 2.46 + 0.36 33.76
14. Potassium me % 0.78 £ 0.01 0.94 + 0.04 0.93+0.11 15.52
15. Sodium me % 0.75+£0.04 0.79£0.12 0.72 £ 0.07 23.68
16. Calcium me % 5.85+ 0.00 5.83 £+ 0.0% 5.70 + 0.02 0.34
17. Magnesium me % 0.28 + 0.08 0.28 £ 0.08 0.27 + 0.00 1.13
18. lron ppm 12.22 £ 0.11 12.58 £ 0.21 9.21+0.38 5.49
19. Manganese ppm 32.52 £ 0.27 32.90 £ 0.59 35.17+0.18 2.80
20. Copper ppm 3.20 + 0.07 3.44 +£0.08 1.72 +0.08 4.78
21. Zinc ppm 1.43 +£0.04 1.51 +0.80b 4.16 £ 0.08 46.24
22. Amounts of Bacterium colony 3.44x10+ 2.45x10? 3.52x10+ 6.63x102 3.48x10+ 3.74x10? 2.13
23. Amounts of Fungi colony 2.54x10+ 2.45x10? 2.62x10+ 6.63x162 2.60x10+ 3.74x10?2 2.34

Number followed by the same letter in the same column were

not significarféyedif by Tukey's HSD test (p<0.05)The bars was indicatede®dard Error of Mean (SEM).

viv
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from 5.5 to 6.5 and have a relative tolerance to moderal&e final result of the factor analysis showed that %, clay
acidic soil. It depended on the genetics of each plant (Klé&silt, % sand, CEC, EC, €a, Fe, Mn, Cu, Mg and NH

& Tieman, 2013). Gilleet al. (2011) suggested that eachwere suitable to proceed to the stepwise regression analysis
plant had a different response in absorbing nutrientsince it had a communality value of higher than 0.5.
fertilizers and lime applications on a site. This showed Factor analysis is widely considered as a suitable
that the soil had high heterogeneity that affected planmethod for highly correlated environmental data (Shukla
growth. etal, 2004a; Govaertt al, 2006.Yaoet al, 2013)Varimax

The result of MANOMW with physical and chemical rotation enhances the interpretability of the uncorrelate
properties showed a very significant difference andomponents. The derived factors are designated as soil
significant difference of (< 0.000**) and (0.019*) quality indices or complex indicators.
respectively but the biological property showed no Stepwise regression analysis was used for screening
significant difference (0.508. These indices representsoil quality parameters that affect the production of
the cumulative effects of different soil properties (physicakoybean varieties suitability (Andrevet al., 2002;
chemical and biology) as an index from the role of eadBovaertet al, 2006; Makalew2011; Smithet al, 1993;
indicator in soil quality (Druret al., 2003). Suryanteet al., 2017a).

One-wayANOVA was applied on the twenty-four  The result of stepwise regression showed that each
parameters used at different land effecting soil qualityoybean varieties had a different soil quality parameters
parameters @ble 2).The result o ANOVA on the soil limiting factors (Bble 4). Each soybean varieties showed
quality parameters showed a significant differenre ( a different response to the availability of nutrients in the
0.05) and had a coefficient of variance of <40% consistirgpil. The soil quality parameters affecting the yield of
of % clay % silt, % sandhSM, CEC, pH HO, EC, available Argomulyo also showed P (1.094**) and Mg (-0.692%),
NH,", P Ca, Mg, Fe, Mn and Cu &ble 2).Those Burangrang Nk (0.569*), Dering | Mn (-0.684**), Devon
parameters were maintained for continued factor analysisdg (-1.001**) and Ca (0.648*), Gema Mg (-0.902**), while
Factor analysis is the commonly used because of its abilBrobogan N (0.5328), and P (0.471*). Specifically for
to group related soil properties into a small set ohAnjasmoro and Demas |, there was no soil quality
independent factors and to reduce the original data getrameters limiting factors for these varieties.
(Andrewset al, 2002). Positive response was shown Aygomulyo and

Factor analysis was provided to classify the soil qualitérobogan for the availability of, Burangrang and
parameters into a small set of independent factors aGdobogan for NH and Devon | for Ca. The increased
reduced the original data séthe result of the factor availability of P in the soil was very significant and
analysis showed three sets of soil quality factors formexignificantly increased the yield #&rgomulyo and
(Table 3). Factor 1 consisted of % ¢l&y silt, % sand, Grobogan. The deficiency of P caused a significant
CEC, EC, PCa, Fe, Mn and Cu. Factor 2 consisted of Becrease in net photosynthetic rate in rice €ual,
and Mg. Factor 3 consisted of % sand and'NFable 3). 2007).

Table 3: Factor analysis with varimax rotation of physical, chemical and biological properties of soil

Parameter Factor 1 Factor 2 Factor 3 Communality
% Clay -0.908 * -0.214 -0.137 0.999
% Silt 0.923 * 0.240 -0.065 0.999
% Sand 0.586 * 0.071 0.696 * 0.999
Available Soil Moisture -0.262 -0.059 -0.187 0.974
pH HO 0.357 -0.030 -0.199 0.979
CEC 0.851* 0.371 0.095 0.999
Electrical Conductivity 0.936 * 0.176 0.158 0.996
Ammonium -0.051 -0.024 0.976 * 0.995
Phosphorus 0.661 * 0.520 * 0.154 0.991
Calcium 0.873 * 0.194 -0.003 0.998
Magnesium 0.436 0.889 * -0.040 0.988
Iron 0.761* 0.380 0.119 0.994
Manganese -0.663 * -0.228 -0.240 0.980
Copper 0.880 * 0.299 -0.004 0.993
Eigen-Value 9.120 2.095 1.153

* Significant soils parameters in each soil set factor
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The increased availability of NHin soil was very Ca concentrations had a high dry weight of shoots and
significant to the increased yield of Grobogan andoots, grain yields and Ca concentrations in leaves and
Burangrang. Nitrogen could be a limiting factor for planseeds.
growth after fixed carbon (Marschnez011). In a Negative response was shownArgomulyo, Devon
physiological process, urea was an essential internal angnd Grobogan against the availability of Mg nutrients;
external source of N converted to ammonia for Win was available in Dering |. The increased availability
assimilation (Marschne2011). Faustinoet al. (2015) of Mg was negatively correlated with K availability and
informed that NH fertilization could increase the root the high concentration of Mg caused a decrease in soil
growth of Pinus taedan drought stress. calcium content (¥nkatesan & Jayaganesh, 20I)e

Higher increased availability of Ca in soilhigh concentration of Mgin cytoplasm could block K
significantly increased the yield of Devon | varietieschannel in the inner envelope membrane of chloroplasts
The result of the research conducted by Domingdesand thus inhibited the removal of*hons from the
al. (2016) described that common bean plants with highehloroplast stroma (Wet al,, 1991).

PCA Biplot Soil Type and Varieties

Grobogan

Argomulyo Ustic_Epiaquerts
Demas_| : _/Bgrangrang

Dim2 (18.1%)

N Deri
DeyQJhdoc_Haplustens ering_|

2 0 2
Dim1 (72.8%)

Figure 3: Principal component analysis (PCA) Biplot for soybean varieties and soil types.

Table 4. Stepwise regression analysis of relationship between soil quality parameters with yield of soybean varieties

Varieties Regression Equation R?
Anjasmoro - -
Argomulyo Y =6.199* + 1.094 P** — 0.692 Mg* 0.852**
Burangrang Y = 0.854** + 0.569 NH™ 0.824*
Demas | - -
Dering | Y = 5.802** — 0.684 Mn** 0.868**
Devon | Y =3.9825—1.001 Mg** + 0.648 Ca* 0.828*
Gema Y = 25.884** — 0.902 Mg** 0.814*
Grobogan Y = 0.496** + 0.532 NH™* + 0.471 P* 0.706**

*Significant at & 5%. **Significant at & 1%.
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The yield of Dering | decreased in line with the increasetyoubi S, Khormali F & Sahrawat K(2009) Relationship of

S . . . barley biomass and grain yields to soil properties within a field
avallablllty of Mn in the soil. Silvat al (2017) reported in the arid region: Use of factor analysicta Agriculturae

that Mn poisoning in corn might reduce chlorophyll content, scandinavica, Section B — Soil & Plant Science, 59:107-117.
plant biomass and plant antioxidant. The translocation gfigiji av, Kucuk C & van Es HM (2017pssessment of the
Mn from the root to leaf triggers decreased in chlorophyll quality of the Harran Plain soils under long-term cultivation.
content. High Mn concentration caused the increase inEnvironmental Monitoring anéssessment, 189:460.
ROS accompanied by a higher level of antioxidant enzynfidack CA (1965) Methods of soil analysis part 2. Madison,
activity and lipid peroxidation (Rat al, 2016). American Society ofgronomy. 771p.

Based on the result of the study it is recommended fgf2ke GR & Hartge KH (1986) Methods of soil analysis part I:

— . . . . Physical and mineralogical methods. In: Klke(Ed.) Bulk
soybean varieties that had high yield in each soil typedensity Madison,American Society ofgronomy p.363-375.

?‘nd the fertilizer use.d,.dependmg on the I|m|t|ng facmr&oettinger J, Chiaretti J, Ditzler C, Galbraith J, Kerschen K, Loerch
in each soybean varieties. The suggestion for future study: mcpaniel P McVey S, Monger C, Owens, Ransom M,

is that an optimum dose for soil quality parameters Schefe K, Shaw J, ®It M & Weindorf D (2015) lllustrated

affecting soybean varieties is determined guide to soil taxonomy version 2. Lincoln, USDA / Natural
’ Resources Conservation Service / National Soil Survey Center

133p.
CONCLUSION Cox MS, Gerard DRPNardlaw MC &Abshire MJ (2003 )ariability
The highest yield of soybean per hectare on Dering |of selected soil properties and their relationships with soybean
grown in Lithic Haplusterts and Ustic Epiaquerts was 1.38 yield. Soil Science Society dfmerica Journal, 67:1296-1302.

and 1.27 tons.Harespectiver while Grobogan in Ustic David AB & Davidson CE (2014) Estimation method for serial
Epi ts 1.24 t B dilution experiments. Journaf Microbiological Methods,
praquerts 1. ons.ha 107:214—221.

Dering | showed the mean of the highest yield angjaenudin b, Marwan H, Subagjo H & Hidayat(2011) Technical
most suitable in all soil types, while Gema showed the instructions land evaluation for agricultural commodities. Bogor,

mean of the lowest yield and not suitable in all soil types. IndonesianAgency forAgricultural Research and Development
/ Ministry of Agriculture. 48p.

Soil quality pgrameters that had<5?S|.gn|f|'cantmfluencelsiomingues LDS. Ribeiro NDAndriolo JL, Possobom MTDF
on the production of soybean varieties in agroforestry emanoelA & Zemolin M (2016) Growth, grain yield and
systems with kayu putih were chemical characteristic calcium, potassium and magnesium accumulation in common

consisting of availability of Mg, NH.*, Mn and Ca. bean plants as related to calcium nutritidwwta Scientiarum
9 y 9 4 Agronomy, 38:207-217.
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