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The significant effect of lamd quality on maize production has no been fully considered in the existing land suitability ceiteria
‘Theretore, this study aims to determine land suitability criteria for bybrid maize in Boalems Repency based on the optimum vield
and land quality. It was carried out in Boalemo Regency, Indonesia, where the land unit of 67 units was surveyed to obtain land
characteristics data. A partial loast square of structural squation model (PLS-SEM ) with SmartPLS 8.0 was used to select a robust
land quality controlling hybrid maize yicld, while the boundary line method was used to determine optimum vield and dif-
ferentiating of land suitability criteria. The result showed that land qualitics that define the optimum vield of hybrid maize were
root conditions, nutrient availability, nutrient retentions, land preparation, and erosion hazard. The soil characteristics were
cffective depth, coarse material, organic C, total N, K exchangeable, slopes, soil ercsion, rock outcrops, and surface rocks.
Furthermore, the highest optimum yield of 8.54 ton/ha was achieved by the total N and slopes for a very suitable dass {(51), while
the lowest of 5.58 ton/ha was obtained by exchangeable K for class 51, This showed that the combination of PLS-SEM and

boundary line analysis was a better approach to developing new land suitability criteria for hybrid maize.

1. Introduction

Food security and farmer prosperity are global concerns; this
makes every counlry increase cop production as well as
farmers’ income. An important issue for countries with
developing economies is ensuring food secunty, where the
agricultural sector plays a strategic role in increasing food
availability [1]. Although the global food system has placed
maize (Lea mays L) as the leading cereal crop [2], its
productivity is being disrupted by land degradation, water
scarcity, and climate change [3].

In Indonesia, the wet tropical climate with rinfall and
high temperatures tends to reduce the quality of land and
agricultural products [41. This country ranked Bth among the

maize-producing nations with a contribution of 2.19% and
2.42% of the world’s total harvested area [5]. However, the
main problem is the relatively low lai of yield in several
regions because the achievement of maize production has
not been followed by an increase in yvield per unit area [6].
This is indicated by the average yvield in 2020, which was up
to 5.57 tontha [5]. According to a previous investigation,
maize production in Indonesia can reach between 10 and
12tonfha [7, B8], thereby making the country the 215t leading
importer in the world

In Indenesia, Gorontalo Provinge is one of the centers of
maize production, where the hybod type 15 the most widely
grown species [9]. The maize production in the province
reached 1.& million tons in 2021 [10], with several export
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advantages and competitiveness [11]. Furthermore, the
planting of hybrid, compaosite, and local maize types has
reached more than 98.90%, 0.68%, and 0.41% only, re-
spectively [12], incuding Boalemo Regency,

Boalemo Begency ranks third as a masee-producing
center in Gorontale Province with a contribution of
1890% [13]. The maize plant dominates the use of agn-
culmural land in this districe by 37.43% [14]; therefare, the
commodity has competitive and comparative advantages
with a PCRvalue of 0.80 and 0,91 DR, This is because maize
plant is supported by land ares, dimatic conditions, pro-
duction facilities, as well as market guarantees, and the basic
price of buying com [rom the government [15]. In 2021, the
average hybrid and local maize yields in the regency reached
520 wnstha [16] and 2.34-3.30 wns'ha, respectively [17].
This indicated that the productivity of hybrid maize is still
higher than local maize [18], but with lower achievement
compared to the national maize production of 5.57 tons/ha
[5]. and has not yet reached the target of 5,60 tons/ha in 2021
[19]. The production of hybrid maize in Gorontale can reach
9.78-13.11 tons'ha [20] because it is often cultivated on land
that does not meet the required qualities [6). Therefore, there
is a need to determine land quality-based hybrid maize land
suitabdity criteria for site-specific land wse planning in
Roalemo District,

Maize is usually grown on land with low vield potential
[21] and ﬁl‘Fﬂﬁ]ir}’, thereby causing low productivity [22],
Moreover, land productivity is determined by quality and
characteristics [23, 24], while land quality has a cose re-
latiomship with maize yields [25]. The land quality affecting
the optimum yield of maize needs to be determined [26] and
increased by using hybrid varieties that have high yields. This
makes il necessary Lo evaluale the suitability of the hybrid
maize in a region to ensure optimal production. The land
suitabdity criteria for hybnd maize are not yet available
because the current criterion is the general suitability of
maize plants without distinguishing between hybrids and
inhreds. Therefore, there is a need to make land svitahility
criteria for hybrd maize plants, E

A previous smidy has shown that land quality has a sig-
nificant effect on suitability for certain uses [27]. Meanwhile,
land suitability is also important due to the continuous increase
in the demand for agriculwral land [28]. The land suitabiliy
criteria for existing maize ficlds are still general [29], and there
are no specific criteria for hybrid maize varietiex The class
assessment outcomes obtained vsing the existing criteria are
relatively many and are not in line with the actual field results
[30]. The current crileria consist of 3 components, namely, land
quality, characteristics, and ranges of land characteristic values
to determine its suitability. Therefore, the problem in de-
veloping criteria is choosing land quality, characteristics, and
determining the range of land charactenstic values associated
with suitability classes, namely, suitable, somewhat snitable,
margimally suitable, and not suitable,

‘The selection of lan@Ruality and characteristics can be
carried cut through the partial least square of the structural
equation model (PLS-5EM), while the range limits are being
determined by the boundary line method, Land qualities and
characteristics in the current criteria can be used temporarily
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since structural equation model analysis with partial least
squares produces better indicators and modes than other
multivariate analyses [31-35]. This is because the variant-
based PLS-SEM has a higher level of flexibility and the size of
the sample used is relatively small ranging from 30 to 100
[36=-39], The use of PLS-5EM to determine land charac-
teristics and qualities that contral maize crop yields is still
relatively rare, except for Syal [40] on older cocoa plants,
maize composite [41], and on local vaneties [6]. The
bouwndary line methed can help determine nutrient ade-
quacy concentrations and the optimnm yield range of a plant
that affects nutrients, as well as other land characteristics
[42, 43]. Currently, the land suitability criteria for maize
plants have not been determined using the boundary line
method, excepl by Ridayanti et al [44], although the in-
vestigation was not specific to hybrid maize.

After obaining the gquality and characteristics of land
affecting maize yields with PL5-5EM, the boundary line
method can be used to determine the optimum vield as well
as land suitahility criteria simultaneously. This is carried out
by drawing the intersection of the boundary line at the yield
and projecting with the land characteristics [29]. Therefore,
this study aims to determine land suitability criteria for
hybrid maize in Boalemo Regency based on the optimum
vield and land quality.

2. Materials and Methods

21 Study  Area. The study area extends from
02R'5a"-0"37 302" N ote 1208342571223 1041"E
(Figure 1) on a scale of 1:40,000, which is located in the
agricultural land of Boalemo Regency, Gorontalo Province,
Indonesia, The maximum air emperalure was 28.19°C and
the minimum was 2679'C with an average of 2B.01°C.
Meanwhile, the maximum rainfall was 1,849mm and the
minimum was 1,246 mm with an average of 1,478 mm [45].
The wet and dry seasons last for 3 months and 5 maonths,
respectively. The soil mapping carried out by Ritung et al. [46]
at a scale of 1:50,000 become the initial reference for de-
termining 35 soil units, wherne each unit has information on
land characteristics, namely, effective depth, drainage, texture,
pH, cation exchange capacity, base saturation, landform,
parent material, relief, and land unit area. Meanwhile, the new
soil unit 15 1:40,000 in scale, and there has been a change in
the agricultural land use existing. ‘Thiz indicated thar the slope
class of B=15% or hilly is more dominant in the study area
with a percentage of 29.77% and slopes =40% or mountainous
which is only 2.67%. Furthermore, the dry land is dominant
with a value of 59.86% and a little shrub which was only
9.21%, while the dominant Typic Haplustalls of soil subgroup
classification was 22.47%; then, the Fluventic Haplustepts was
21.31% and very little Vertic Haplustepts of soil subgroup
classification was 0.04% only (Figure 1).

22 Dutaset Collection for Land Quality and  Land
Characteristics. The quality and characteristics of the land in
this study refer to Wahyunto et al. [47], consisting of 10 land
qualities and 24 characteristics. The set of temperature land
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quality is determined from the characteristics of the annual
average air temperature, while the land quality water
availability is determined from the characteristics of annual
rainfall, wet months, dry months, and the length of the
growth period (LGP} Land quality oxygen availability is
determined from soil drainage characteristics, rooting
conditions are determined from the soil texture, coarse
material, and soil effective depfl) and nutrient retention is
identified from the pH value, C-organic, cation exchange
capacity (CEC), and base saturation. Furthermore, the
available nutrient is determined from the characteristics of
tolal N, P, and exchangeable K, the sodicily is obtained from
the exchangeable sodium percentage (ESF), while erosion
hazard is determined from slopes and soil erosion, The
quality of the flood-hazard land is determined by identifying
the height and the duration of the inundation, while
preparation is carried vut from the characteristics of out-
crops and surface rocks. The selection of this set of land
qualities and characteristics is based on the availability of
data and their impact on maize production [26].

Drata on average annual air temperature and raintall for
10years (2010-2021) were collected from different climate
stations, namely, the Bandungrejo with 0°41" N-122'38" E,
the elevation 40 m asl, while Harapan has 0°42' N-1222¢'E
and an elevation of 37 m asl It also indudes Lakeya Rain
Post with 0'42.82"' N-127"3207" E, 32 m asl, Mohiyolo has

046.41" N-12226.41" E and an elevation of 3% m asl, Saritani
04645 N-122"20.40" E, with 26 m asl, Tangkobu 073725
N-1223636" E, 25m asl, Bubaa 0°31.36° N-122'33.3% E,
l6m asl, Wonggahu 033 N-12233 E, 35m asl, and
Sambati Rain Post with 0°31.184° N-122'27.074" E, and an
clevation of 9m asl managed by BWS II Sulawesi. Fur-
thermore, these data determined wet months (=200 mm)
and dry months (<100 mm), which refers to the Oldeman
and Darmiyari criteria [48]. The land water halance was
determined using the Thomwaite and LGP methods based
on the number of surplus and deficit rainy days [49].
Based on the previows soil unil [46], then these sod unils
were detailed again by adding 32 of soil units to be surveyed
and chserved, making up to 67 soil units in the area as shown
in the legend Figure 1. Soil characteristics such as draimage,
coarse material, effective soil depth, slope, inundation height
and duration, rock outerops, and surface rocks were de-
termined by conducting soil profile descriptions and direct
observation on 67 pedons referring to the description
guidelines in the field [50]. Meanwhile, soil ernsion was
determined by the USLE method [51]. Other soil dharac-
teristics were further analyzed in the soil laboratory using
sanfflfes from each pedon.
il samiples were dried for 3 days and sieved through
a 2-mesh sieve. The method of soil physics laboratory

analysis was carried out according to the procedures by




Kurnia et al. [52]. Based on this procedure, soil texture was
analyzed in terms of sand, clay, and silt fractions using the
pipette method, while soil moisture storage was evaluated
using the gravimetric method that can be applied in warer
balance analysis. The method of soil chemistry laboratorny
analysis was carried out according to the procedures by
Eviyati and Sulaiman [53]. The soil pH was determined with
a pH meter in a 1:2.5 soil and water solntion, while the
organic C content was assessed using the Walkley and Black
method. "W total N was assessed using the Kjeldahl method,
while the available P content was measured using the Olsen
method, IR basic cations and CEC were extracted with 1IN
NH,0Ac pH 7.0 (ammonium acetate] on a dry sample of
105°C. The base saturation was determined by calculating the
percentage of basic cations number with CEC, and ESP was
cvaluated using the percentage ratio of sodium to CEC
[54, 55]. Subsequently, the data from the chemical anakysis
were averaged e a depth ol 0-30cm using the weighted
averaging technique. The framework of this study is pre-
sented in Figure 2.

2.3 Dataset Collection for Hybrid Maize Yield, The arcas
currently planted with hybrid maize were identified and
blocks with a size of 2.5 mx 2.5m were made in cach map
unit {Figure 1). Maize plants in each block passed through
slandardized management according to farmers” lechnology.
After harvesting, weighting was carried out to obtain hybrid
maize yield data from the resulls of dles on each land unil,
Subsequently. the results were calculated using the following
formula [56];

Y{)=Hx (1

6.25m°

Meanwhile, productivity is calculated using the fol-
lowing formula [56]:
¢ 1. ':II
() < HL Lo % 5673
100
where ¥is the hybrid maize vield, H isthe tile yield (kg A is
the maize arca 1 per hectare (ha), and 1.64 and 56.73 are the
constants,

(2)

24, Selection of Land Quality and Land Characteristics.
The gquality and characteristics of the land in the suitabdity
criteria are used as presented in Tables 1 and 2, which show
briel statistics. Generally, most dala are relalivdy homog-
enous, except for coarse material, available P, slopes, soil
erosion, height and inundation, as w rock outcrops and
surface rocks. The selection used the partial least squares of
the structural equation model (PLS-SEM)) refers to Hair et al,
[38] with toals SmartFL5, where land quality and charac-
teristics were selected as the latent and manifest variables,
respectively. The analysis in PLS-5EM has 2 main steps,
namely, the measurement model {outer model) and the
structural model test {(inner model).

Step 1 consists of validity and reliability tests, wherein
the wvalidity test is conducted with convergent and

Applied and Environmental Soil Science

discriminant validity. The convergent validity is in form of
outer loadings (loading factor] and average variance
extracted (AVE), while discriminant validity is in form of
cross-loading and the Fornell-Larcker criterion, Meanwhile,
the reliability test uses composite reliability  and
Cronbach's alpha.

Convergent validity was observed from the magnitude of
the vuter loading and the AVE value of each indicator on the
latent variable. The validity was calculated according to the
following equation [57-60]:

x = AxE, + 4,

(3
Y=y e

where x and v are the exogenous (£) and endogenous ()
latent variable indicators, A, and A, are the loading factors, &
and ¢ are the residual/measurement errors or noise,

Meanwhile, the average variance extracted (AVE) value
was calculated using the following equation [61-65]:

AVE = ; EA:E '
T A%+ ¥ ivar (g

where .JLI3 is the loading factor, var is the variance, and & is
the erroffffariance.

The loading factor of an indicator with the highest
value is the strongest or most important measure in
reflecting the latent variable. In this study, the loading
factor value is >0.70 for sclcclin?:sl land characteristics,
but values ranginggfrom 0.50 to (L60 can still be tolerated
with a f-statistic »1.96 or a small p value of 0.05 [37, 66].
Meanwhile, the AVE walue used was more than 0.50,
showing that the convergent validity on the latent variable
has been reached.

The discriminant validity test used the cross-loading
value and thgPFornell-Larker criterion to test discrim-
inantly valid mdicators in explaining or reflecting latent
variables. When the correlation between the latent vari-
ables and the core measurement of each indicator is high,
the latent variable can predict the indicator better and is
considered valid. The discriminant validity is measured by
the square root of the average variance extracted, which
will be compared with the correlation value between
variables. The value caleulated based on the square root of
AVE must be higher than the correlation between con-
structs  [61]. The equation 15 expressed as [ollows
[61, 63-65, 67]:

(4

2
E.-lr (5)

tof AVEB= ||=—o——t——,
Square root o \E-’L15+£f\"ﬂ{£l}

where '1.- is the loading factor, var is the variance, and &; is the
eITOT Variance, a8

Furthermore, the composite reliability and Cronbach's
alpha were used to test the reliability value between in-
dicators of the latent variables. They are considered good and
accepled when the value is >0.70 and has a minimum value
of (LG0 [37]. The composite reliability value is caleulated
using the following equation [62, 65, 68, 69]:
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Tases 2: Brief statistics of land quality and characteristics,

Latent variables/indicators Unit " Ilin Median Iean Max S0

X1 {temperature)

X1 {IEI1:IP|.'I'J|I.IFE] C 67 26.79 2780 25.01 2819 .63
KI (water availabality}

X2.1 {rainfall) Mm 67 1,246,000 1,533.42 1,478.00 1,849,000 23269

X2.2 (wet month) Month &7 0.00 103 100 300 0.85

X2.3 {dry month) Month &7 2.00 339 400 S0 1.0&

M4 (LGP} Dray 67 210.00 24600 214.00 30400 44.54
X3 (oxygen availability}

X3 {rJ.I'uJI'lil_Er.'] Class 67 0.0 17k 441 B 1.52
M4 {EI:HJII:IIE conditions)

XA (testure) Class a7 1.0H) .21 b1} S0 0.99
X4.1.1 {sand fraction] & 67 5.1 41.58 43100 #1.33 18,51
X41.2 (silt fraction) % &7 733 27.31 2450 51.50 1154
H4L.3 dclay) % &7 1133 3l1.90 3000 5633 1272

X4.2 (coarse material) % 67 500 1727 10,04 70.00 losH

K43 (effective depth) Cm &7 1o 7455 7400 L&L00 3640
X;glulrlrm retention

1 {PH, H, ) a7 5.iM) 5492 580 715 .52

X5.2 I:PH, Kl 67 4.35 5.24 517 Rl .56

X5.3 I:nrg.l.m'n: C) i 67 .41 RS 0.77 135 .39

X5.4 (CEC) Cmoli+ :I,I"kg 67 1.94 24.89 2243 59.57 11.41

H5.5 (base sabwration) % &7 4503 5622 5245 8189 0.76
Mb (nutricnt availability)

XAl {iotal N) % &7 0.4 009 008 017 0.04

Xb.2 (P availability) Mg/kg a7 0.73 B62 317 5867 1281

¥o.3 (K E’II.'II.;.IJ!EEH.ME:I Crmaoli+ 1|']{5 a7 0.0r .34 .24 192 042
K7 (sodiciey)

X7.1 (ESF) i 67 .76 T .20 2417 5.2
XE {erosion hazard)

X&.1 {:l::upcs.] &y 67 1.0 G5k 00 2500 7.19

X8.2 (=0l erosion) Tons/hatyear 67 3.66 3M.51 110.27 177243 439.08
X0 (flooding hazard)

X9.1 {inundation height) Cm &7 0.00 758 0.00 5000 17.10
X 82 {inundatson perlod) Dray 67 0.00 064 .00 500 1.52
K10 (land preparation)

Xoa {rock |1u||.':r|.||lx]- H 67 {h.CKY .64 LIEVH] 45008 11.56

X102 (surface rock) Hi 67 .06 H.58 0.4 45000 11.59
Y ﬂhy’m'i.d maiEe }-'iriﬂ:l Tontha a7 2.85 4,95 4,68 RO7 115

m, the number of the land unit; min, minimum; max, mazimuem; 50, sandard deviation;

exchanpeable swodium percentage.

S ¢ L S,
(ZA) + i var(e,)

where A; is the leading factor, var is the variance, and & is the
CITOr Varianoe.

Meanwhile. the value of Cronbach’s Alpha is calculated
according to the following equation [85, 70[:

oo _zprgetie) (o),
p,+ 3 prp i) JNPes

o (6]

(7

where Py is the number of indicalors or manifest variables
and g is the indifator block.

For step 1, the structural model testing (inner model)
was carried out after the relationship model was built in line

with the observed data and the overall suitability, namely,

: JDrIH_ H,rnwlh pl.-riud;. CEC, cation uu:ha.np capacity; ESP.

goodness of fit. The structural equation (inner model) is as
follows [39, 60, 62]:

Hy=ydi+yla v pda+ e (&)

where #; is the endogenous variable vector {dependent),
¥ibr iy 4o yid, is the exogenous latent variable vector,
and ¢ is the residual vector (error),

Meanwhile, the determinant coefhcent and goodness of
fit () were calculated using the following equation
[62, 64, 70

@ (Predictive relevance) = 1-{1-R7){1-R})... (1 -R}),
(%

where R}, RL. .. Ri = R square of endogenous variables in
the equation model [68].




The quantity of (F has a value with a range of 0= Q7 < 1,
the doser the value to 1, the better the model [37]. Tt is also
equivalent to the coefficient of total determination in path
analysis, Bl thermaore, the effect and significance were tested
based on the estimated value of the path cocfficient and the
critical point value (t-statistics or p value) at=0.05
relationship model between varmbles was measured by
testing the direct correlation coefficient hetween variahles.
The results of testing the relationship between X and ¥
variables were indicated by the correlation coethdent, as well
as L-statistics, and are also presented in the path diagram.

2.5 Class Assignment. To determine the class-required data
fior optimum results, class limits were calculated from the
percentage of optimum results. After knowing the highest
and lowest yields, the values were connected with the range
of lamd characteristics values, The land suitability class and
vield used referred to FAO [71], namely, class 51 (very
suitable] when the values reach 80~ 100%, 52 was moderately
suitable 60-80%, 53 marginally suitable 40-60%, and & not
suitable <40% of the optimum capacity.

‘The optimum yield was determined using the houndary
line method. This method is carred out by drawing
a houndary line an the graph of the relationship hetween
yield and land characteristics to obtain optimum results. In
the boundary line method according to Widiatmaka et al.
[72], each land characteristic is plotted on the X-axis, while
hybrid maize yields are plotted on the Y-axis. Bhat and
Sujatha [42] stated that the preparation of the hyvbrid maize
yield boundary line includes the preparation of a scatter
diagram hetween the X and the ¥ variable, division of the X-
axts Inte several classes of intervals, determimation of the
highest data points in each dass interval, preparation of
boundary lines based on the highest data points from each
class interval, and drawing a line parallel to the X-axis
according to the percentage of the result class.

Furthermore, with the Microsoft Fxcel application tools,
the boundary between classes 51 to 52, 52 to 83, and 83 1o N
were determined by the Data menu —+ What-if-Ana-
lysis — Goal Seek — Set the cell at the location containing
the regression equation — to value fill with the result limit
wvalues 51 to 52, 52 o 53, and 53 tn W— By changing
cell — the location where the value of the characteristics of
the land will be soupht— Ok. On location "By changing
cell.” the number being searched will appear, and at the
location, “set cell”® will be equal to the limit value of the
resull

3. Results and Discussion

3.1 Land Qualify and Characteristics Controlling Hybrid
Maize Yield

0.1 Validity Test Resedt, Table 3 shows the loadiggfactor
of the variables, where most indicators were more the
critical limit of 0.70 with a 95% confidence level (P > 1.960).
Therefore, these variables are highly recommendfid and the
indicators are considered convergently walid. In the soil
texture indicator for the latent variable of rool conditions as
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well as the cation exchange capacity {CEC) anfffhase sat-
ration (BS) indicators for nulnent retention, loading
factor was below the tolerance value of 0.50 at the 95%
confidence level (P < 1.960); hence, it was not used. This
implies that the indicators have not been established or
explained properly because the standard value of the loading
factor must be greater than or equal to (L50 [37, 38, 66).

‘The average variance extracted { AVE) value of almost all
variables was greater than 0.50; therefore, it was considered
convergently valid [61, 62]. ‘The AVE value of the available
nutrient variable was not valid due to the smaller value of the
Inading factor for the CEC and BS indicators of 0,50, leading
o the removal of bolth indicators. A similar resull was
discovered in the root condition variable, although the AVE
value was grealer than 0.50, while the soil Lexture indicator
was not used because the loading factor value is only (LO13

The measurement of the Fornell-Larcker criterion and
cross-loading was used as the basis for assessing the dis-
criminant validity of the model. The calculation results on
the Fornell-Larcker criterion in Table 4 show that the av-
erage of the tested variables has a higher square root of AVE
than the correlation value; hence, the latent variable was
considered discriminantdy valid. The square root value of the
AVE must be greater than its correlation value with other
constructs to meet the discriminant validity requirements
[69, 73], The average loading factor value for the latent
variable indicator was above that of others as shown in
Table 5.

3.1.2 Reliability Test Resull. The variables are considered
reliable because composite reliability and Cronbach’s alpha
coellicient on average were more than 0.7 [61, 74], as shown
in Table 6. However, certain indicators still had values less
than 0.6, namely, soil texture, but the indicators used are
reliable and a ate in forming the latent variables.

The highest composite reliability and Cronbach’s alpha
cocilicients were obtained for the variables of temperature,
oxygen availability, and toxicity of 1 for the variables to be
very reliable. The lowest coetficient was obtained on the root
condition varable; therefore, the variable was not reliable.
According to Bagozzi and Yi [75] and Hair et al. [74],
variahles are considered good and accepted when the value is
=0.70,

The remaining variables are water availability, nutrient
retention. available nutrients, erosion hezard, and land
preparation variables. The coefhicient of composite reliability
and Cronbach's alpha =0.6; therefore, the varable is con-
sidered reliable. The minimum value of compaosite reliabiling
and Cronbach's alpha coefficients was 060 [61, 74, 75].

313 Struciural Medel Test {Inmer Models). Land charac-
teristics that have a significant correlation with hybrid maize
yields show a high level of contribution to land quality in
influencing hybrid maize yields as indicated in Figure 3. 'The
figure shows a structural model of the relaticnship between
indicator variables, namely, 24 land characteristics, rect-
angular yellow, and latent variables, including 10 land
qualities maize yield and oval blue. It also shows a model for
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Tanre ¥ Outer loading (loading factor) and the average variance extracted from study variables,
. TR R Latent variables E ; : )

Indicators {land characteristics) dand quiality} Loading factors f stat Status AVE
X1.1 I:I:Ernl'm:mlure:l — X1 [lE:II'tl"Er.IIII.r-E:I 1.0t 11192 Valid 1.00KN
X201 (rainfall} e [.838 085 Valid
X2.2 [wet month) — NP 01,959 01,599 Valid
X2.3 (dry month) o X2 (water availability) 0.850 0,48 valid .90
X24 (LGP — 0.993* 1431 Valid
K31 (draimage) — X3 {oxygen availability) 100 0.000 Valid L0k
M40 (texture) et 0013 0066 Invalid
M4.2 [coarse malerial) —— XA {rooting condition) .92 1086 Valid 573
X4.3 tu:l'ﬁxl!wu dEPl.h:l — —{1. B 1.7 Valid
X5.1 (pH, H:0} —— 0647 1,857 Valid
¥5.2 (pH, KCh — 0570 1.973 Valid
X5.3 (orpanic C) -— X5 (nutrient retention) 0.831* 3135 Valid 0.360 (invalid)
X5.4 [CEC) — 436" 1381 Invalid
X5.5 [base saturation) — 0.3685 0845 Invalid
Xa.1 (total N} — et 3226 Valid
Xb.2 (P availability) — Xa [nutrent availability) 0.587" 1.385 Valid (L5853
X6.3 (K Eulm:@eu”u".l — {LRGT** f.4907 Valid
X7.1 (ESF) == X7 {xl:u:lir_'i!y] 1.0 .40 Valid 1.0}
KE1 (slopes) — . no54** 21438 Valid
XE.2 (soil erosion) - X4 ferosion hazard) et 18,308 Valid 0.932
9.1 {inundation height) — S 0984 4213 Valid
¥92 (inundation period) =~ — ¥ (fooding haraed) 0985 3918 Valid H-uE
X100 {reck outcrops) . [IE T 189133 Valid
X102 (surface rock) BRI { St pioeg Eaticia) 0995 320273 Valid fh993
AVE, average variance extracted LGP, Jong growth period; CEC. cation exchange capacity; ESP. exchangeable sodium percentape.

Tasre 4: Fornell-Larker criterion test.
% X xa X4 X5 X X7 X8 X9 X10 '

X1 1,000
X2 0540 0.952
X3 ik 149 L]
X4 DRz CL.030D —i.162 0757
X5 =10, 300 —.239 0103 —L36HE CLEL
Xh =069 0021 ooz =518 0,694 (1. 765
X7 0382 0.429 0.084 0228 =0.030 -0.217 1.004a
XE o1e =0.0482 =0.501 0285 =0.317 =0.370 =0.00% 0966
X9 =0.104 =0.033 0.237 =0.204 0.073 (.00 0.1m2 =0.250 0992
Xlo 0.1%8 0.093 0.223 0.873 0,303 -0.538 0.362 0.304 -0.126 0.938

0169 0578 0.387

0.456 -0.016 =0.517 0.164 0568 1.000

¥ 0.o1g 0.152
X1, temperature; Kﬁ..lﬂ awilahility; X3, oxygen swilability, X4, roating condition; X5, nutrient retention. X, nutrient availability. X7, sodicity; X4,

erosson hazard: X4, "-IHld-l15 hazard; X 10, land Fqnnlinn; ¥, mnize hybrad yield.

the relationship between latent variables such as land
qualities and maire yield, as well as loading figures. The
factor for each indicator and path coefficient for land
qualitics has a direct effect on the value of maize yields.

For example, X8 (erosion hazard) significantly de-
termines the hybrid maize yield with a path coefficient of
—0.392 "The megative sign indicates that the erosion hazard is
negalively related to maize vield, where the higher the
crosion hazard, the lower the maize yield Furthermore,
nutrienl retention (X5) contributes Lo the diversily of hybrid
maize yields with a path coefhcient of 0.252. A positive sign
indicates that nutrient retention is positively related to maize
vield, where the higher the value of nutrient retention,
followed by the maize yield,

The results of this path analysis indicated that theam:l
quality that can be a predictor of maize yield diversity were
oxygen availability (X3), nutrient retention (X5), nutrient
availability (X6}, erosion hazard (X8}, and land preparation
(X 10). Figure 2 indicates that only & of the 24 indicators
explain latent variance at the 5% real test level. The & in-
dicators were coarse material and effective soil depth as an
indicator of rocling condition, organic carbon conlent as
nutrient retention, exchangeable K as nutrient availability,
sold erosion and sope as erosion hazard, as well as rock
outcrop and surface rock as an indicator of land preparation.
It was also indicated thar the drainage loading factor was
unable to explain the diversity of oxygen availability.
Therefore, oxygen availability cannot be used as a land
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Tanie 5 Cross-loading of latent variables to indicators,
Lantent Variables

q“‘""“ X1 Hz %3 4 X5 X6 X7 T Ha Ko ¥

1 ] DEI0 BO312 0240 00959 04592 LAz D095 ORI O.LAME - LOE
X321 09783 E&TE _00035 00063 D4R 040 (L3555 00017 005 BUSSD QOIS
X213 08534 BSART  GOU3R 4SS D257 BO9RR 25 00435 D0IFY D0ITE D074
X33 05273 QAST QU523 G264 03505 00160 (k] -0.0494 0Ol DIISE 00692
X34 08203 | @OO2A 007H 0033 -0.0524 GO0E33  [4éd0  -0.0713 00383 40031 01331
X31 G032 0.17HS i 01540 -0.01080  -0A375  (LOA43 04964 DISH0 02229 D256
x4 HLOGE 00006 -0.1696 0217 G013 2173 01761 0055 00215 D.O0S0
iz 00728 01082 -DOB2% | @B2I2  -02754  -054904  G1B45 02891 D267 D79 05278
Xd3 HL1Z89 01240 0.2071 | LBS90 02046 03209 02633 01567 D07 0TES3  DLAGGE
X5 2975 DAlD -0384  -05027 OB 03024 -01283  0I7M 00342 01190 00716
X52 S0.2m3 02939 04480 02791 OSPHL 03176 00273 00935 DLOBDL 00829 D445
Xs3 S0.2M0 0158 01376 -0013 BMB 05651 G028 -0.5076  D.OS5 1147 03501
X54 00537 DNz 00033 QAo _ L4051 BRIFII -005M 00426 00137 01395
¥ES LLATIT 3512 @005 @432 B4345  OADDE 00619 (1498 L4876 DOK2S
X6 HMAZS6  BITTH MOI35 L1950 O7ozs Q604 M53 03578 DAY 02162 02623
%62 S EE -04256  -0.2590 04049 | OSEGS 02829 00389 00267 02860 01025
XE3 L0437 DUODRY QORI 05607 0545 | BO97E 0331 -02613 02133 S0 03892
%7 B3R G441l BOR4E G240 DM 02417 1 SONE D242 DAY BO4RT
XE1 HLOME 02234 -05132 29S8 02625 -03475 00481 0 BS537 0 0333 03031 05274
Xa2 00649 00590 -0A4223  DU64S 02942 -02950 00035 @940 -DO9BE 03516 ~D.dsE2
X8 BLOSS6 0025 02254 01945 D1126 GI4E3 1939 02440 D.GEBS | 1342 D2I7H
Xez Sh0esE 00305 0277 -DIB60  DO2Tl BO449 02271 -0.2252 | OGBS 00901 02350
X101 G1R4E  DLdD3 -02340  BE4ED 02309 05544 03TE0 0S8 01188 O @eer | 544
X102 Q1503  DOEZ5  -02MF  BB629 02374 -05592 064 02612 01076 | D99F6 | {5365
Y1 M4 D13 D216 0S4y DHIE BITW BMHET -05271 D6 05408 1

X1, temperature; X2, water availability; X3, oxvgen svailability; X4, rooting condition; X5, nuttent retention: X6, nutrient availability. X7, sodicity; X8,
erogion hazard; X%, Nooding haznd; X10, land preparation. Y, hybrid maize vicld; X 1.1, semperature; X201, rainfalk X2.2, the wet month; X023, the dry month;
X2.3, luns Ernw‘!h pcrirul: X301, dni:nuge: K41, texture; X4. 2, coarse material; X4.3, affective dc|1l he X5.1, nrﬂ,uni.c{'.: ¥5.2 cation r:xn:hunp:s cupm:i » M5.3, base
saturation; X6.1, tatal N; X&.2, P availability; X6.3, K exchangeable; X7.1, the exchange sedium percentage; X8.1, slopes; X8.2, suil erosion; X9. undation
height; X9.2, inundation period; X10.1, rock sotcrops X162, surfsce rock: Y1, hybrid maize viekd. The vellow color shows the loading factor value for the
inlicatars of the latent variables showe the I-nn.tli:ng_ factar values for other latent variable indicators {>0.5), while the red coler indicates the nwmhr {il.A].

Indicators
ﬂul'lil characlerslics)

TagLe 6: Composite reliability and Cronbach’s alpla tesi.

Cronbach's

alpha

Composite reliability

X1.1 (temperature)
X2.1 qrainfall}
X212 [wet month)
2.3 (dry month)

X214 (long growth periods)

K3ER drainape)

X4 {texture)

X4.2 (coarse material}
4.3 [effective depth)
X5.1 (pH, H;0)

X5.2 (pH, KCl)

5.3 [organic ©)

5.4 (cation exchange capacity)

X5.5 (hase saturation)
X1 (total N}

X6.2 (P availability)
X6.3 (K exchangeable)

X7.1 {exchangeable sodium percentage)

XE.1 {slopes)

X8.2 (soil erosion)

X001 {inundation Iekght)
X9.2 (inundation period |
X100 {reck ountorops)
X102 (surface rock)

1.000

0.975

10000

002"

0.718

0805

1000
0.965

0.992

0.5%

1.000

0.565

1.000

=1.055""

0.628

D681

1.000
0.%23

0.5%54

0.995

for, not relsble.
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Figuze 3: Path coefficient of land quality on hybrid maize yield.

quality because there are ndicators that can represent it.
Cmly the land qualities of nutrient retention (X5), nutrient
availability (x6), erosion hazard (x8), and land preparation
(X100 were used next.

‘The indicators of land characteristics for effective depth,
organic C, total N, and exchangeable K have a fairly strong
positive relationship and a very significant effect on hybrid
maize vields, In this relationship, an increase in these pa-
rameters by 1% will be followed by a rse in hybnd maize
vields of 39% to 57.7%. A ding to Wirnsoedarmae et al.
[4], effective depth affects oot growth and development,
making plants grow and develop properly. Moreover, the
levels of vrganic C, tolal N, and CEC are influenced by soil
organic matter [76], while potassium plays a role in the
growlh amd development of maize [77].

Indicators of rough soil characteristics, slopes, soil
erosion, a5 well as surface and rock outcrops, have a strong
negative relationship with a very significant effect on hybrid
maize vields. In this relationship, 1% decrease in coarse
material, slope, soil erosion, as well as surface, and rock
outcrop is followed by an increase in hybrid maize vields by
39-57.7%.

3.2 Optimum Hybrid Maize Yield by the Land Quality and
Land Characieristics. Table 7 shows the mathematical
equations for each land characteristic and also the optimum
hybrid maize yield for the land equation. Figure 4 shows the
diagram of the relationship between land characteristics as
an independent variable (X] and maize yield as an in-
dependent wvariable Y. Model fitting indicates that the

quadratic equation is sufficient to describe the condition of
data distribution.

The optimum of hybrid maize yield ranged from 5.58 to
8.54 ton/ha, where the highest yield was obtained from total
M and slopes of 8.54 torvha with an B value of 100% and
92%, Sutardjo et al. [78] showed that hybrid maize vields
ranged from 743 to Y2 ton'ha Thes indicated that the
optimum yield achieved is still within the range of hybrid
maize yields that have been previously reported. Nitrogen is
directly invalved in the farmation of aming acids, prateins,
nueleic acids, enzymes, nudeoproteins, and alkaloids, which
are needed in the plant growth process [79, 80]. An ex-
tremely high amount of N causes excessive vegelalive
growth, thereby making plants fall easily and increasing
susceptibilily to disease [81]. Meanwhile, the lack of N
nutrients can limit cell division, enlargement [82], and the
formation of chlorophyll, leading to stunted growth as well
as yellowing of leaves [81].

The lowest optimum vield was obtained from ex-
changeable K, which was only 5.58 ton/ha with an B value of
950, This was presumably because the K content in the sail is
very low, thereby affecting the hybrid maize yield. Potassium
(K] i required by plants for physiological functions, in-
cluding carbohydrate metabolism, enzyme activity, osmotic
regulation, efficient water use, N uptake, protein synthesis,
and assimilate translocation [83-88]. It also plays a role in
improving the quality of crop yields [87, 83, £8],

The optimum hybrid maiee yvield of the remaining is
relatively diverse. This includes effective depth and organic
carbon, which were both 846 towha with an B value of
97%. Furthermore, coarse material and soil erosion were
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Tapce 7; The optimum hybrid maize }'irldE the land quality and land characteristics,
l.anc! s e Cptimum vield (tenfha) Vield equation Rt
FI.l'u.lI!:ingI comdition [re)
Coarse material BT Y =0,MZ5900x" — 0, 25685 78: = 11,9093576 .96
FEffective d-:prh BAds V:—ﬂ.ﬂmﬂﬂﬁ:l_r: + 2910560 — 1,39574096 097
Nutrient retention (nr)
Organic carbon H4a ¥= 25492979 + 47 9575089% — 89895067 o7
MNutrient availability {na)
Total N 54 ¥= - 30555746545 + 155.8650907X — 27439640 1.0u
K EJ:LlLuJ!EL‘u]:IIE 558 Y=— 1066974095 + 18.5239943% + 2 3179289 085
F_Tl.ml.i:lll |u?..1.n'l {E’]J}
.q:l]:lﬂx 554 F:iilflﬁﬁ?{l = L9559K + 14806 0nsz
Sonil erosion 817 y:ﬂmm'lltd-xh —OI9R&4TX + 9 0537569 .54
Land preparation (1p}
Rock outcrops T4l ¥=0.0057496%" - 1_3845867X + B.6260785 (1]
Surface rock 7.4l ¥F=0.0057496%" - (3045867 + 86260745 092

8.17 ton/ha with an R’ value of 96% and 89%, while rock
outcrops and surface rock were 7.41 ton/ha with an B value
aof 92%. The absence of coarse material »>2 mm in diameter
indicated that plant roots can grow freely on the surface or
deeper parts of the soil [89] because the deeper the roots of
the maize, the greater the maize yield [90, 91]. The addition
of organic matter will increaze maire yield [92-94] and
organic C content [95] because soil organic malter is a strong
positive predictor of yield [36]. Kane et al. [96] also stated
theat the addition of more crganic matter will improve water
retention, thereby reducing maize yield losses due to
drought. The slope has a significant effect on soil degradation
[97]. According to a previous sudy, erosion and maize yield
are negatively correlated; hence, increased erosion will re-
duce maize productivity [98]. Soil crosion on lat [l is
slower surface runoff [99], It was also reported that surface
rocks and outcrops are the limiting factors in the suitabality
of maize plantations [100]. Therefare, a high percentage of
rock outcrops will complicate land cultivation and plant root
growth.

3.3 Land Switability Criteria Jor Hybrid Maize Crops.
Table & shows the yield limit for each class from the cal-
culation of the optimum yield, where the class range for each
land characteristic is derived. Based on the optimum yield of
the highest hybrid maize, there were 2 indicators, namely,
the tolal N content and the slope, The wial N indicator with
a very suitable class (51) was achieved when the value in the
soil was greater than 0.11%, while in the moderately suilable
class (52), it was achieved when the total N in the soil ranges
from 0.08 to 0.10%. In the marginally appropoate class {53},
the total N indicator was achieved when the total N in the
soil ranges from .06 to 0.07%, while the not suitable class
(M) was achieved when the content was less than 0.06%. On
the dope indicator with class S1, it was obtained when the
slope class manges from 0 to 7.70%%, while class 52 was
achieved when the slope dass ranges from 7.71 to 11.B4%,
Furthermore, in classes 53 and N, it was obtaned when the
slope class ranged from 1185 to 18.25% and greater than
18.25%. respectively.

Based on the optimum vield of the lowest hybrid maize,
only the exchangeable K was the indicator. In dasses 51 and
82, it was achieved when the exchangeable K content in the
soil was greater than 0.25 cmol(+ )/kg and ranges from 0.14
o (.24 el (+)/kg, respectively. Furthermore, class 53 was
achieved when the exchangeable K content in the soil ranges
from (0L05 to 0.3 cool(+)/kg, while in class N, it was oh-
tained when the exchangeable K content in the soil was less
than 005 cmoli+ kg ‘The remaining wvariables and in-
dicators were relatively varied according to the oplimum
vield of hybrid maize and the range of land suitability classes
oblained as presented in Table 8,

Based on the relationship between the quality and char-
acteristics of the selected land with optimum results, the criteria
for hybrid maize land suitability were obtained as shown in
Table 8. These criteria described the actual state of achieving
optimum, moderate, and minimum yvidds of hybrad maize in
the field with values of B0%, 60%, and 40%, respectively.
According to Subarman et al. [101], the parameters used in the
land suitability assessment must describe the actual conditions.
This s due to the significant positive correlation between maize
vield and land suitability class [102].

The land suitability eriteria for the new hybrid maize are
fewer and have referred to the optimum yield. Meanwhile,
the land quality and characteristics in this new criterion are
less because it only consists of root conditions with
characteristics of coarse material and effective depth, nu-
trient retention with organic C. and nutrient availability
with total N and K exchangeable. 1t also consists of erosion
hazards wilh characterislics of slopes and svil erosion, as
well as land preparation with surface rocks and rock
outcrops only. The land qualities selected and maize yields
consistent with the land potential are the basis for de-
veloping suitability criteria. This will reduce the land
characteristics and make the evaluation process faster,
cheaper, and easier with accurate results [26]. Some
characteristics and land quality criteria were not made
because they did not significantly affect the yield of hybrid
maize. The number and distribution of the data were still
limited, and the diversity of values was small or not
measurable in the feld [72].
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Fraune 4: Scatter diagram relationship among maize jricld and land characteristics.

Compared to Wahyunto et al. [47], the new land suit-
ahility criteria for hybrid maize plants in Table 9 are more
realistic in value with the conditions in the field and is based
on the achievement of optimum yields. The current land

suitability criteria are still general and not specific o maize
vields [26], although the apronomic and yield potential of
cach maize varety differ, based on the diversity of char-
acteristics and land quality in the feld. There are stll
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Tapre & Yield limits of hybrid maize and values obtained in each land suitability class interval by land quality and characteristics.

Yield limits {ton/ha)

Lanad quality/Tand

Value of land suitability criterion obtained

e 51 =582 52-53 53-N ! > .
characteristics (80% % Voreir)  (60% X Yon)  (40% X Vogeir) 51 52 53 N
Rooting condition (rch

Coarse material (%) B17 6,05 4.04 0-13.51  1351-27.48 I7.48-52.41 »52.41

Effective depth (crm) B46 6.37 4.29 =966  4936-69.65 31 M-4035 <3320
MNulrient relention (ng)

E}IEHI'IIL carbod (%) KAk 6.37 4.19 =061 [.52-0L6Al 34051 <034
Nutrient availability {na)

Tatal N [%) K54 6,43 4.33 =011 nnE-0.10 (.06-0.07 <046

K exchangeable {cmol{+)1kg) 5,58 4,42 28R =025 w1424 wns-0.13 <[5
Erosion hazard {eh}

Slopes (%) B34 6,43 4.33 0-7.70 T71-11LB4 11.E5-18.2% »1B.25

Soil erosion (bon/halvear) B17 6,05 4.04 25532 5532-19529  195.30-605.57  »60557
Land preparation (Ip}

Rock oulcrops (%) T4l 5.64 397 0—4.46 4.47-13.10 13.11-30.89 »31.89

Surl; rock (%) T4l 5.69 ER- 0-4.46 4.47-1310 13.11-30.89 =31.89

41, very suitable; 52, moderately suitable; 53, marginally sitable; W, not suitable.

TapLe 9 Comparison of new and general land suitability criteria with land quality and characteristics

Land Mew land suitability criterion of hvbrid maize

Laid suitability ceiterion of general imaize

; s [47]

quality/land characteristics o1 5 - N 51 52 s N
Rooting condition (rc}

Coarse material (%) 0-13.51 13.51-27 4% 27 48-5241 »5241 <15 15-35 15-55 55

Effective d-e[.lnlh [cim) =hY.66 49 366965 33.2%-49.35 <33.29 =6l TR (V] 40-25 <25
Nutrient retention (nr)

Urganic carbon (%) =061 0.52-0.60 0.34-0.51 <034 =120 0.8-12 <L —
Wutricnt availability {na)

Total N (%} =011 0.08-0.10 1.06-0.07 <006 Mo Lo Vlo —

K cxchangeable {cmaol{+)/'kg) =025 0.14-0.24 0.05-0.13 <005 Mo-Hi Lo W lo —
Erosion hazard {ch)

Sopes (%) 0-7.70 7T71-11.84 11L.85-18.25 >18.25 <& B-15 15-25 >25

Sotl erosion fll::l]."'!m.l'\l.-uut] w5532 5531195149 195 30-805.57 =R05.57 —— VL Li-Ma He-VHe
Land preparation (Ip)

Hock outcrops (%) 0446 4471310 13.11-31.89 =345 <5 5-15 15-40 =40

Surtgar rock (%) 0446 4.47-13.10 13.11-3L.8% ERIE <5 5-15 15-40 =40

51, very suitable; 52, moderately suitable: 53, marginally suitable; W, not suitable; i high; M, moderate; Lo, low; ¥Lo, very kow; He, heavy; Li lighe; VLi, wery

light: V He. very heavy.

limitations on the wse of these results for the development of
hybrid maize in the Boalemo Regency because the setting is
only based on land characteristics and optimum yields in
thiz regency. ‘Therefore, further investigation to expand the
scope of the research area nationally with more diverse and
contrasting land characteristic values is recommended to
determine the effect on hybrid maize production.

4. Conclusions
Land suitability criteria for the new hybrid maize are de-

termined by land qualities, namely, root conditions, nutrient
retention, available nutrients, erosion hazard, as well as land
preparation, and land characteristics, induding coarse
material, effective depth, organic C, total N, exchangeable K,
slopes, sod erosion, rock cutcrops, and surface rocks. The

highest optimum yield of 8.54 ton'ha was achieved by the
total N and slopes for a very suitable class (S1), while the
lowest value of 5.58 ton/ha was attained by exchangeable K
for class 51, These results showed that the combination of the
PL5-5EM and boundary line analysis can be an alternative
approach to establishing new land suitability criteria for
crops based on optimum yields and selected land guality.
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