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Abstract. Suryanto P, Taryono, Supriyanta, Kastono D, Putra ETS, Widyawan MH, Alam T. 2020. Assessment of soil quality
parameters and yield of rice cultivars in Melaleuca cajuputi agroforestry system. Biodiversitas 21: 3463-3470. Interactions between
rice cultivars and soil quality parameters rises problems in the attempt of increasing rice yield. The objective of this study was to assess
soil quality parameters that affect the yield of 15 rice cultivars in an agroforestry system of ‘kayu putih’ (Melaleuca cajuputi) situated in
Menggoran forest, Yogyakarta, Indonesia which have three soil types namely Lithic Haplusterts, Ustic Epiaquerts, and Vertic Haplustalfs.
The observation was conducted on 21 soil quality parameters and yield of rice cultivars. The data were analyzed by using ANOVA, factor
analysis, and stepwise regression. The highest yield of rice per hectare was attained by GM 28 in Ustic Epiaquerts with 6.493 tons ha?,
while Situ Patenggang and GM 28 in Vertic Haplustalfs as high as5.549 and 5.401 tons ha, respectively, and Situ Patenggang in Lithic
Haplusterts as high as 4.893 tons ha’. Soil quality parameters that had significant effect on the yield of rice cultivars were Clay, SMC, pH,
SOC, N, Mg, Fe, Fg, and Bae. We suggested that rice cultivars recommendations for Lithic Haplusterts, Ustic Epiaquerts, and Vertic
Haplustalfs are Situ Patenggang, Situ Patenggang or GM 28, and GM 28, respectively, in addition to fertilization based on limiting factors
of each rice cultivars..

Keywords: Agroforestry, Melaleuca cajuputi, rice cultivars, soil quality assessment, soil types

Abbreviations: Al: aluminum exchange, Bae: amounts of bacterium, BD: bulk density, Ca: available of calcium, CEC: cation exchange
capacity, Clay: % clay, EC: electrical conductivity, Fe: available of iron, Fg: amounts of fungi, K: available of potassium, k:
permeability, Mg: available of magnesium, Mn: available of manganese, N: total nitrogen, Na: available of sodium, P: available of

phosphorus, pH: pH H20, Sand: % sand, Silt: % silt, SMC: soil moisture content, SOC: soil organic carbon

INTRODUCTION

Rice (Oryza sativa L.) is the main crop for half of the
world's population (Fan et al. 2016). In 2050, an additional
100 million tons of rice is needed to feed 9.1 billion people
(Jaggard et al. 2010). Yet, the land available for rice
farming continues to decrease. For example, Indonesia
loses 96,512 hectares of rice field per year, and if this trend
continues the existing rice field area of 8.1 million hectares
will be reduced to only around 5.1 million hectares in 2045
(Mulyani et al. 2017). In just one year alone from 2018 to
2019, the harvested area of rice agriculture in Indonesia
shrunk by 700,000 hectares (6.15%) with rice production
reduced by 4.60 million tons (7.76%) (Statistics Indonesia
2020).

One strategy to expand the area of rice farming is by
planting rice on tree-based land-use system, or so-called
agroforestry. There are various species composition of
trees, perennial crops, and annual crops in agroforestry, one
of which is the use of 'kayu putih' (Melaleuca cajuputi
Powell) as tree layer. Agroforestry system with the base of

M. cajuputi stands is presumably suitable to be combined
with rice since the leaves and branches of M. cajuputi are
pruned routinely so that there is no shade effect for rice
(Alam et al. 2019; Suryanto et al. 2017a; Suryanto et al.
2017c; Suryanto et al. 2020a; Suryanto et al. 2020c).

While combining rice and trees, such as ‘kayu putih’, in
an agroforestry system is a promising strategy, there is a
problem related to how to increase rice yield by selecting
superior rice cultivars that givehigh yield potential. The
problem arises since there isinteractions between genetic
factors and environmental factors, resulting inspecific
cultivars only grow best on specific environment (Piepho et
al. 2016). It means that cultivars that high yielding are not
necessarily suitable and stable for all environments.
Therefore, selecting best rice cultivars that suit
environmental conditions is one of the key factors to
maximize the yield potential and very important to do
before giving a recommendation of these cultivars to
farmers (Alam et al. 2019; Piepho et al. 2016). Beside they
suit the environment conditions, the selected rice cultivars
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should be accessibleand highly applicable to ease adoption
by the farmers (Zaini et al. 2016).

One of environment factors to consider when selecting
rice cultivars is soil types (Alam et al. 2019). The selection
of rice cultivars can be made by assessing the limiting
factors in the form of soil quality parameters in each rice
cultivar. The right selection of rice cultivars that suit with
soil type can maximize the yield potential of these cultivars
and reduce the input of inorganic fertilizers (European
Union 2012). Soil type determines soil quality in terms of
the physical, chemical, and biological characteristics of the
soil, as well as the most suitable land management
practices, carried out by farmers (Bilgili et al. 2017).

Assessment on soil quality is highly dependent on the
diversity of locations, scale, land management, and
research objectives (Rousseau et al. 2012). Several studies
related to soil quality assessment showed that each
commodity has specific requirements and limiting factors
related to soil properties (Suryanto et al. 2017a; Suryanto et
al. 2020b). For example, there soil quality parameters
affect the growth and yield production of clove, cocoa, and
cardamom even when they were grown on the same
location in Menoreh Mountain, Indonesia (Suryanto et al.
2017b). The dry weight of clove flower was affected by %
silt, while the dry weight of cocoa beans was affected by
CEC, Ca, and Na, and the dry weight of cardamom bulbs
by Ca (Suryanto et al. 2017h). Other research conducted on
the mountain ecosystem showed that increased signal grass
production was very significantly influenced by the
increase in CEC, SOC, air temperature, and wind speed
(Suryanto et al. 2020b).

Similar studies to assess the effect of soil quality on the
growth and yield of rice had been carried, but these were
without considering the factor of rice cultivars. The study
results showed that soil quality parameters or soil
properties that influenced rice yield were the amounts of
soil microorganisms, availability of phosphorus, and
potassium (Suryanto et al. 2017a). The objective of this
study was to investigate soil quality parameters in terms of
physical, chemical, and biological properties that affect the
yield of 15 rice cultivars in an agroforestry system of M.
cajuputi in Menggoran forest, Yogyakarta, Indonesia. The
results of this study will provide information to farmers,
researchers, and policymakers on how to increase the
productivity of rice cultivars in M. cajuputi agroforestry
system based on soil quality limiting factors.

MATERIALS AND METHODS

Study period and area

The study was conducted during November-February,
2020 in Menggoran Forest Resort, Playen Forest Section,
Yogyakarta Forest Management District, Indonesia. This
area is located +43 km to the southeast of Yogyakarta City
(Figure 1.A) (Alam et al. 2019; Suryanto et al. 2020a;
Suryanto et al. 2020c). The altitude of the study site is
+100 meters above sea level. The total rainfall observed
during the experiment was +1,182 mm. The average air
temperature and the relative humidities were 29.38°C and
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81.90%, respectively. The area in the M. cajuputi forest
belongs to the Department of Forestry and Plantation,
Yogyakarta, Indonesia. The age of M. cajuputi trees in the
study area was +15 year and harvested/pruned every six
months (Haryanto 2015). Farmers are free to use land
between M. cajuputi stands for annual crop cultivation and
not taxed and rent land. Nevertheless, farmers are required
to tend for M. cajuputi trees and pruned routinely every six
months. Common cropping patterns in a year for farmers in
M. cajuputi forest are rice-maize/soybean/peanut-fallow
(Figures 1.B and 1.C). Fallow is the stage of crop rotation
in which the land is deliberately not used to raise a crop
(Feng and Balkcom 2017).

Experimental design

All the trials were laid out in a Randomized Complete
Block Design (RCBD) with two factors/treatments with
five blocks as replications. The first factor was rice
cultivars, consisted of eleven major rice cultivars that
mostly used by farmers in Indonesia and four promising
lines sourced from Faculty of Agriculture, Universitas
Gadjah Mada, Indonesia. The eleven rice -cultivars
consisted of Ciherang, Inpago 4, Inpago 5, Inpago 6, Inpari
6 Jete, Inpari 33, IR-64, Puthu Gunungkidul, Situ Bagendit,
Situ Patenggang, and Way Apo Buru, while the four
promising lines consisted of GM 2, GM 8, GM 11, and GM
28.

The second factor was soil type, consisted of three soil
types namely Lithic Haplusterts, Ustic Epiaquerts, and
Vertic Haplustalfs. The experimental plot covered an area
of 24 m? (6 x 4 m) within the space of M. cajuputi stands
with the harvest area of 20 m? as the border rows were
excluded. Soil tillage was carried out before planting rice
with a hand tractor. Rice planting was carried out by direct
seeded planting method. The number of seeds per planting
hole was two seeds with a spacing of 20 x 20 cm. No
fertilizer and pesticides were applied in this study, neither
did the irrigation because the field was in the rainfed areas.

Soil quality parameters

The observed parameters were % soil texture (Clay,
Sand, Silt) (Aubert et al. 1954), bulk density (BD) (Blake
and Hartge 1986), soil moisture content (SMC) (Alam
2014), permeability (k) (Blake and Hartge 1986), pH H,O
(pH) (Van Reeuwijk 1993), soil organic carbon (SOC)
(Black 1965), cation exchange capacity (CEC) (Hajek et al.
1972; Van Reeuwijk 1993), electrical conductivity (EC)
(Richards 1954), total nitrogen (N) (Stenholm et al. 2009),
available of phosphorus (P) (Olsen et al. 1954), available of
potassium (K), sodium (Na), calcium (Ca), iron (Fe), and
manganese (Mn) (Jones Jr 2001; Van Reeuwijk 1993),
aluminum exchange (Al) (Jones Jr 2001; Van Reeuwijk
1993), and amounts of bacterium (Bae) and fungi (Fg)
(David and Davidson 2014). The observed parameters were
analyzed at the initial of the study, while the SMC
observed in once a week. The observations were carried out
at the study site and in General Soil and Microbiology
Laboratory, Faculty of Agriculture, Universitas Gadjah
Mada, Yogyakarta, Indonesia.
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Figure 1. A. Geographical location of the study area (7°52°59.5992" S to 7°59°41.1288™" S and 110°26°21.462"'E to 110°35°7.4868™"
E). B. Melaleuca cajuputi forest without annual crops in fallow periods. C. Rice cultivation between M. cajuputi stands

Rice yield variable

The observed of rice parameters was rice yield per
hectare. Rice grains were dried under the sunlight to reach
11% of moisture level (Suryanto et al. 2020a; Suryanto et
al. 2020c).

Statistical analysis

The models must be evaluated so that assumptions can
be fulfilled. The normality test was carried out using the
Kolmogorov test and Q-Q plot (Moncada et al. 2014).
Two-way ANOVA was used to test the yield of rice
cultivars in different soil types and the separation of means
was subject to the Scott-Knott test (p<0.05) (Hinkelman
and Kempthorne 2008).

One-way ANOVA, factor analysis, and stepwise
regression were used to investigate the relationship
between soil quality parameters with the yield of rice

cultivars (Andrews et al. 2002; Govaerts et al. 2006;
Suryanto et al. 2017a; Suryanto et al. 2020b). Factor
analysis is commonly used because of it’s ability to group
related soil properties into a small set of independent
factors and to reduce the original data set (Andrews et al.
2002). Factor analysis is widely considered as a suitable
method for highly correlated environmental data (Govaerts
et al. 2006; Yao et al. 2013). Varimax rotation enhances the
interpretability of the uncorrelated components. The
derived factors are designated as soil quality indices or
complex indicators.

ANOVA, factor analysis, and stepwise regression were
carried out using SAS software version 9.4 for Windows.
Statistical analysis was carried out by PROC GLM,
MIXED, PRINCOMP, FACTOR, and REG (SAS Institute
Inc 2013).
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RESULTS AND DISCUSSION

Characteristic of study sites

The study site had ustic soil moisture regime (Alam et
al. 2019; Suryanto et al. 2017a; Suryanto et al. 2020a;
Suryanto et al. 2020c). Ustic is a soil regime containing
limited moisture but is suitable for plant growth when the
environmental conditions favorable. The soil is
intermittently moist and dry. Moisture is limited but
usually available during portions of the growing season. In
most years, the soil is moist >180 cumulative days or >90
consecutive days (Boettinger et al. 2015).

The first soil type was classified as Lithic Haplusterts
(Alam et al. 2019; Suryanto et al. 2017a; Suryanto et al.
2020a; Suryanto et al. 2020c). Lithic Haplusterts is a
Vertisol soil type that has shallow solum and a lithic
contact within 50 cm of the soil surface (Boettinger et al.
2015). The seasonal cracking pattern pertains to non-
irrigated soils. Cracks are >5 mm wide and extend through
>25 cm within 50 cm of the soil surface. They have little or
no accumulation of salts with a pH value of >5.0 (in 1:1
water). These soils are derived from a variety of parent
materials, including sedimentary rocks, alluvium, marl, and
basic igneous rocks. Slopes range from nearly level to
strongly sloping (Boettinger et al. 2015).

The second soil type was Vertic Haplustalfs as Alfisols
soil type with vertic characteristic and have an argillic (clay
accumulation) subsoil horizon with a significant decrease
in clay content within a depth of 150 cm. These soils have
a lithic contact within 50 cm of the mineral soil surface
(Alam et al. 2020; Suryanto et al. 2017a; Suryanto et al.
2020a; Suryanto et al. 2020c). The third soil type was Ustic
Epiaquerts as Vertisols soil type that has a fracture of >5
mm and thickness of >25 c¢cm for 90 days each year in a
reasonable condition when it is not irrigated (Alam et al.
2019). These soils have one or more soil layers that perch
water. These layers are commonly close to the surface.
Epiaquerts occur on a variety of landforms, including flood
plains, glacial lake plains, and depressions (Boettinger et
al. 2015). In general, rice is marginally suitable to be
planted in Lithic Haplusterts and Vertic Haplustalfs, while
it is suitable to be planted in Ustic Epiaquerts because of
the land is flooded during the wet season (Wahyunto et al.
2016; Wahab et al. 2017).

Influence of soil types on rice cultivars yield in
Melaleuca cajuputi agroforestry system

The result of two-way ANOVA (p<0.05) revealed that
there was an interaction between soil types and rice
cultivars concerning the yield of rice per hectare (Table 1).
The highest yield per hectare was found in GM 28 when
planted in Ustic Epiaquerts with 6.493 tons ha, while Situ
Patenggang and GM 28 in Vertic Haplustalfs yielded 5.549
and 5.401 tons ha?, respectively, and Situ Patenggang in
Lithic Haplusterts yielded 4.893 tons ha’. The lowest yield
per hectare was found in local cultivar of Puthu Gunungkidul
when planted in Lithic Haplusterts and Vertic Haplustalfs
with 2.078 and 2.485 tons ha?, respectively, while Inpago
6 in Ustic Epiaquerts resulted in 2.078 tons ha™.

In general, GM 28 cultivar gave the highest yield of
5.554 tons ha, while the Inpago 6 cultivar gavethe lowest
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yield of 2.239 tons ha! in all soil types. The mean yield of
rice cultivars for the three types of soil from highest to
lowest was Ustic Epiaquerts, Vertic Haplustalfs, and Lithic
Haplusterts with values of 4.349, 3.573, and 2.906 tons ha
1, respectively. Study results indicate that the yield per
hectare at the study site was below the yield potential,
thereby requiring an assessment to improve the yield of
rice cultivars seen from soil quality parameters (Jamil et al.
2016).

Selection of key soil quality parameters for yield
improvement of rice cultivars

The selection of soil quality parameters used as
sustainability indicators for the yield of rice cultivar was
carried out by ANOVA, factor analysis, and stepwise
regression. The first step was selection of key parameters
using ANOVA. The parameters that showed a significant
difference (p <0.05) and had a coefficient of variance
<40% would be followed by factor analysis. Table 2
reveals that soil parameters that had significant effect on
the yield of rice cultivar are clay, silt, SMC, pH, SOC,
CEC, EC, N, P, K, Na, Ca, Mg, Fe, Bae, and Fg. These
parameters were then subjected for factor analysis.

The result of the factor analysis shows two groups of
soil quality factors (Table 3). Factor 1 consists of clay, silt,
pH, CEC, EC, N, P, K, Ca, Mg, and Na, while factor 2
consists of clay, silt, SMC, SOC, N, P, Mg, Bae, and Fg.
The final result of the factor analysis shows that clay, silt,
SMC, pH, CEC, EC, N, P, K, Ca, Mg, Na, Bae, and Fg
were suitable to proceed to the stepwise regression analysis
since it has communality values of higher than 0.5.

The result of stepwise regression shows that each rice
cultivar has different limiting factors in soil quality
parameters (Table 4). This means that each rice cultivar
requires different set of soil quality parameters. The soil
quality parameters affecting the yield of Ciherang were
SMC (0.001**) and N (12.122**), GM 2 were SMC
(0.001**) and Mg (0.792**), GM 8 was N (33.352**), GM
11 were SMC (0.002**) and SOC (1.257**), GM 28 were
SOC (2.639**) and SMC (0.001**), Inpago 4 was Bae
(0.833**), Inpago 5 was Bae (0.775**), Inpago were Clay
(0.020**) and SOC (0.597**), Inpari 6 Jete were SMC
(0.003**) and Fe (0.164*), Inpari 33 were SMC (0.002**)
and SOC (0.593*), IR-64 were SMC (0.002**) and Mg
(0.478**), Puthu Gunungkidul were Fg (2.334**) and pH
(-0.456**), Situ Bagendit were Clay (0.023*) and pH
(0.141%*), Situ Patenggang was Clay (0.074**), while Way
Apo Buru were Fg (2.614**) and pH (-0.491**).

Discussion

Rice cultivars showed differences in yield per hectare
when planted in Lithic Haplusterts, Ustic Epiaquerts, and
Vertic Haplustalfs. It depends on the genetics of each plant
so that it affects the adaptability of plants to environmental
factors (Klee and Tieman 2013). The difference in the yield
of rice cultivars was caused by differences in soil quality in
each soil type. Soil quality was an important element for
plant growth. Rice cultivars showed different biochemical,
physiological, and yield responses under different
environmental conditions (Boy et al. 2020).
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Table 1. Yield per hectare (tons ha®) of rice cultivars planted on three soil types in Melaleuca cajuputi agroforestry system
. Soil type
Cultivar Lithic Haplusterts Ustic Epiaquerts Vertic Haplustalfs Mean
Ciherang 2.628 + 0.0291 4967 + 0.0329 3.085 =+ 0.037 3560 =+ 0.358
GM 2 2.487 + 0.048° 5630 + 0.053¢ 2971 = 0.025" 3.696 =+ 0.489
GM 8 3.809 + 0.100k 6.304 =+ 0.028° 4014 =+ 0.011 4709 + 0.401
GM 11 3221 * 0.063 5.878 * 0.036¢ 4370 + 0.050 4490 = 0.386
GM 28 4767 + 0.032" 6.493 + 0.050° 5401 =+ 0.038f 5554 + 0.253
Inpago 4 2.899 + 0.015° 2744 + 0.028° 3.086 + 0.022m 2910 + 0.051
Inpago 5 2.608 + 0.0084 2.566 + 0.025" 2940 + 0.035" 2,704 + 0.060
Inpago 6 2105 + 0.062 2.078 + 0.056" 2535 = 0.038 2239 = 0.079
Inpari 6 Jete 2242 + 0.052 6.191 =+ 0.045° 4352 + 0.103 4262 £ 0.572
Inpari 33 2.641 £ 0.050¢ 6.104 £ 0.047° 4232 + 0.096 4326 + 0.502
IR-64 2.150 + 0.115 4921 = 0.0509 2866 =+ 0.069° 3312 + 0417
Puthu Gunungkidul 2.078 + 0.029¢ 2.619 + 0.0361 2485 + 0.030° 2394 + 0.083
Situ Bagendit 2584 + 0.135" 2240 + 0.040 2.878 + 0.059° 2567 + 0.102
Situ Patenggang 4893 + 0.052¢ 4067 * 0.026 5459 + 0.032f 4806 =+ 0.203
Way Apo Buru 2478 £ 0.047 3.116 £ 0.054™ 2918 £ 0.019° 2.837 £ 0.097
Mean 2906 = 0.132 4394 =+ 0.245 3573 + 014 (+)
CV (%) 2.553

Notes: Numbers within a column show the mean and standard error of the mean (SEM). Numbers followed by the same letters in the
same row and column were not significantly different by Scott-Knott test (p<0.05)

Table 3. Factor analysis with varimax rotation of physical,
chemical, and biological properties of the soils

Table 2. The soil quality factors affecting the yield of rice cultivars

Mean squares treatment

Soil  Soil quality CcVv

. ANOVA Parameter Factor 1 Factor 2 Communality
properties parameters ——g - Treatment (%) Clay 0774 * -0539 = 0.889
Physical Clay 21.803 197.319 * 7229 Silt 0.793 = 0528 = 0.907
properties Sand 2172 3.870™ 21562 SI'}I"C gggg . 852’%3 8-223

Silt "13.489 148.571 * 12.855 gOC 0'205 _0l881 - 0l818
BD 0.004 0.005 " 5.707 ' * ' '
SMC 0.003 0.549 ** 1.2061 CEC 0.903 0.412 0.985
' ) ) EC 0859 * 0470 0.958
Chemical pH 0.003 0.112 ** 0.646 P 0661 * 0718 * 0.952
properties SOC 0.001 0.015 ** 1.659 K 0.654 * 0455 0.635
CEC 0.058 480296 **  0.458 Ca 0926 > -0.224 0.908
*k Mg 0565 * 0.798 * 0.957
N oo0r oo a5 N 0% * 0215 0338
) 0.463 26.519 ** 9.463 Fe -0981 * -0.174 0.993
K 0.002 0.016* 11626 02 0.048 0.912 * 0.834
Na 0.009 0137* 20818 9 0.076 0935 = 0880
Ca 1.785 14.540 * 5512 —Cidenvalues 10.689 3.621 :
Mg 0' 005 0' 915 ** 3' 579 Notes: * Parameter had significant value in each group of soil factor
Fe 0.044 4.970 :S* 9150 Taple 4. Stepwise regression analysis of relationship between soil
m” 8822 8822’ s 145-378872 quality parameters with yield of rice cultivars
Biological Bae 1.11x10° 1.11 x 1010 * 0.955 __Cultivars Regression Equations R?
properties Fg 1.66x107  1.33x10%* 1500  Ciherang y=0001 SMC™ +12.122 N** = 0.999"™
Notes: * and ™ significant and non significant different at gm g zf géogézsmc* +0.792 Mg 8881**
e, . =33, ,
(p<0.05). ** significant different at (p<0.01) GM 11 y= 0002 SMC** + 1.257 SOC**  0.998**
GM 28 y = 2.639 SOC** + 0.001 SMC**  0.999**
Inpago 4 y = 0.833 Bae** 0.996**
Inpago 5 y = 0.775 Bae** 0.995**
Giller et al. (2011) informed that each plant has a Inpago 6 y =0.020 Clay** + 0.597 SOC**  0.997**
different response in absorbing nutrients and fertilizers ina  Inpari 6 Jete y =0.003 SMC** +0.164 Fe* 0.996**
location. This showed that the soil had a high heterogeneity ~ Inpari 33 y =0.002 SMC**+0.593 SOC*  0.996™™
that affects plant growth. The results of this study showed I','ﬁ;ﬁﬁ y= g'ggi ﬁ“{[{f ) O+4gé47ﬁ|ﬂg 0.998
that soil quality parameters that had significant effect on Gunungkidul y=2 g 0P 0.999**
the yield of rice cultivars in M. cajuputi agroforestry  sjtu Bagendit y =0.023 Clay* + 0.141 pH* 0.994+*=
systems were Clay, SMC, pH, SOC, N, Mg, Fe, Fg, and Bae.  Situ Patenggang vy = 0.074 Clay** 0.993**
Way Apo Buru y = 2.614 Fg** - 0.491 pH** 0.998**

Notes: * and ** Significant at (p<0.05) and (p<0.01)
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The high portion of clay in the soil had very significant
effect on the yield of Inpago 6 and Situ Patenggang, and
significant effect on the yield of Situ Bagendit. The average
value of clay content in the three soil types was 65%. Clay
minerals are very important to soil fraction because they
affect water holding capacity and the availability of
nutrients in the soil (Rogers et al. 2014). The increase in
clay mineral content increases stabilization of organic
matter, affects soil acidity, and controls the population and
microbial activity in the soil (Kome et al. 2019). Clay
texture is suitable for rice growth, consequently low clay
content is less suitable for irrigation of rice because of the
low nutrient and water holding capacity (Fageria et al.
2011).

The soil water content (SWC) is usually defined as
water stored in unsaturated soil layers (He et al. 2012). Our
study found that soil moisture content (SMC) had very
significant effect in increasing the yield of Ciherang, GM
2, GM 11, GM 28, Inpari 6 Jete, Inpari 33, and IR-64. The
average value of SWC in the three soil types was 4.33 mm
cmt. Water is very important resource for photosynthesis
process and plant growth, as such deficit in water supply is
one of key environmental stress affecting food crop
production (European Union 2014). There is also
interaction between soil moisture and nutrients in which
soil moisture affects the availability of nutrients in the soil
and plant resistance to drought. Rice is more vulnerable to
drought compared to other food crops since low water
content can reduce microbial biomass C, leaf area, cell size,
and volume between cells (Scherer et al. 2017; Xue et al.
2017).

Soil organic content (SOC) is a key indicator for
assessing soil health and plays a crucial role in increasing
crop productivity (Branddo and Canals 2013; Brady et al.
2015). SOC is also an essential element for land
sustainability to create safe and healthy products, restore
soil fertility, and reduce climate change (Timsina 2018).
Positive responses were showed by GM 11, GM 28, Inpago
6, and Inpari 33 with the increase of soil organic carbon
(SOC) in the soil. The average value of SOC in the three soil
types was 1.6%. This value can be categorized as very low.

Soil pH is an essential factor for plant growth. Soil pH
influences nutrient availability and nutrient toxicity, and
has a direct effect on the protoplasm of plant root cells
(Alam et al. 1999). The average pH of the three soil types
was 7.9, which can be categorized as alkaline. As such, the
higher level of soil pH soil very significantly reduced the
yield of Puthu Gunungkidul and Way Apo Buru cultivars,
but the higher level of pH significantly increased the yield
of Situ Bagendit. High pH causes the deficiency of iron,
manganese, and phosphate while increases boron content,
which can cause toxicity to plants (Marschner 2012).

Nitrogen could be a limiting factor for plant growth
after fixing carbon (Marschner 2012). The higher level of
total nitrogen (N) had a very significant effect on
increasing the yield of Ciherang and GM 8. The average
value of N in the three soil types was 0.14%. This value is
classified as low. Intensive rice cultivation generally
requires a large amount of N nutrients since N is the most
critical element for increasing the growth, yield, and
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quality of grain crops (Kichey et al. 2007). Research in
Ghana showed that increasing N content in soils is
positively correlated with yield and productivity of rice
(Moro et al. 2015). The increase in N content increased
panicle length and weight of 1000 grains by 96% and 73%,
respectively (Fageria et al. 2011).

Magnesium (Mg) is very important for every living
organism, including higher plants. Mg accounts for 0.2% w
w? (dry weight) and is the most abundant mineral after N,
K, and Ca (Hawkesford et al. 2012). Mg functions in the
process of photosynthate distribution, activator of nitrate
reductase activity, and RuBP carboxylase (Marschner
2012). A positive response was shown by GM 2 and IR-64
to the increase in Magnesium (Mg) content in the soil. The
average value of Mg in the three soil types was 1.99 cmol®
kg, which is categorized as moderate. Mg deficiency at
moderate levels can reduce the number of spikelets and
reduce the weight of grains in rice (Dobermann and
Fairhurst 2000). A recent study showed that Mg deficiency
caused a decrease in transpiration which occurred before
sugar accumulation and chlorosis in rice leaves (Kobayashi
et al. 2013).

Iron plays an essential role as a companion nutrient in
the formation of enzymes involved in the process of
mitochondrial respiration, photosynthesis, synthesis, and
repairment of nucleic acids, metal homeostasis,
maintaining the structural and functional integrity of
protein, and chlorophyll content in rice (Bashir et al. 2017,
Li and Tan 2017; Miller et al. 2015; Rout and Saho 2015).
An increase in Fe content in the soil had positive impact on
the increase of yield of Inpari 6 Jete. The average value of
Fe in the three soil types was 2.30 ppm, which can be
classified as very low category. In alkaline soils, Fe is
oxidized as insoluble iron oxides (Morrissey and Guerinot
2009). This causes the soil at the study site to contain very
low Fe. Iron deficiency can cause changes in root
morphology (Giehl et al. 2012; Gruber et al. 2013;
Morrissey and Guerinot 2009) and chlorosis of young
leaves, thereby reducing yield (Kobayashi and Nishizawa
2014).

Soil microorganisms are considered as sensitive
indicators of health and soil quality. Soil microorganisms
are strongly influenced by crop management (Geisseler et
al. 2017). The higher yield of Inpago 4 and Inpago 5 was
influenced by the higher amounts of bacteria (Bae) in the
soil, while Puthu Gunungkidul and Way Apo Buru showed
positive responses with the higher amounts of Fungi (Fg) in
the soil. The average value of Bae and Fg in the three soil
types were 3.49 x 10° and 2.57 x 10° colony, respectively.
These values are considered as low. Soil microorganisms
change dynamically with environmental change (Ahn et al.
2012; Zhao et al. 2014). Changes in soil condition by
drying the submerged layer will change the microbial
activity of the soil where the anaerobic microbes replace
the aerobic microbes. The energy for anaerobic material is
sourced from the easily reduced oxidized compound, which
acts as an electron acceptor like ions NOs", SO4*, Fes*, and
Mns* (Drury et al. 2003). Microbial content in the soil is
also influenced by SOC. In this study, the SOC content was
very low so that the amounts of fungi and bacteria were
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also low. The increasing soil microbial activity, namely
bacterium, and fungi, significantly increase the content of
SOC, total P, and pH (Ahn et al. 2012; Yuan et al. 2013;
Dong et al. 2014; Zhao et al. 2014; Zhang et al. 2016;
Geisseler et al. 2017). Suryanto et al. (2017a) found that
the amounts of soil microorganisms were one determinant
of rice yields in M. cajuputi agroforestry stands.

Based on the results of this study, we recommend the
use of rice cultivars which have high yields in each type of
soil at the study site. Rice cultivation recommendations for
Lithic Haplusterts, Ustic Epiaquerts, and Vertic Haplustalfs
are Situ Patenggang, Situ Patenggang, or GM 28, and GM
28, respectively. The recommendation of fertilization and
soil treatments is based on the limiting factors in each rice
cultivars and each soil type. The suggestion for future study
is the investigation of the optimum level of such treatments
(e.g. fertilizer) to improve soil quality parameters.
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