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1. INTRODUCTION

Maize is one of the multifunction crops, in which almostpalts of the plant can be used as food,
feed, or fuel sources. As a food source, maize grairtaiacstarch, proteins, lipids and fibers that are
needed by human body (Singh & Shevkani, 2014). In Indonesia, maide isecond widely
cultivated food crop, with a total of harvested maizmansf 3,787,367 ha in 2015, with an average
productivity of 5.178 ton/ha in 2015ps://www.bps.go.id/indicator/53/22/1/produktivitas.html
This average national productivity of maize in Indonesia ils Istv when compared with the
potential productivity of a hybrid maize variety, which thpsange from 10 to 13 ton/ha, as shown
in the Balitsereal website http://balitsereal.litbang.pertanian.go.id/wp-
content/uploads/2016/11/des2016new)pdf

Maize is one of the high fertilizer consuming crops, espgdigbrid maize varieties having high
potential of grain yield. Therefore, to achieve a highdpotivity, application of relevant amount of
fertilizers is required, which should be based on siteifspéertilizer recommendation (Attanandana
& Yost, 2003). In the sub-Saharan Africa, maize productiwvig also very low (only 0.8 t/ha) when
no fertilizer was applied, but with application of nitrogemtifizer, grain yield was significantly
higher (3.8 t/ha), and increased further (4.3 t/ha) with agiphic of manure and N fertilizer, even in
soil with medium fertility level (Zingore, 2011). Sapkota et(a017) also reported that increasing N
fertilizer doses from 120 to 160, 200 and up to 240 kg/ha signifjcanatieased grain yield of maize,
especially under split application of P fertilizer, altbbusplit application of P fertilizer did not
significantly increase grain yield under each dose ofriilizer.

In addition to increasing fertilizer doses, increasimgy@rency of fertilization was also reported to
increase yield of maize, especially increasing splitiepppbn of N fertilizer (Wangiyana et al., 2010;
Davies et al., 2020). Application of a recommended dose ofgeitréertilizer four times resulted in
higher grain yield and weight of 1000 grains of maize when caedpaith application of the same
Urea dose three times. In contrast, increasing fettimdrequency for P and K fertilizers in general
did not increase maize grain yield. However, when nitrogeiiZzer was applied four times to maize
plants fertilized with cattle manure, application of il & fertilizers twice resulted in significantly
higher grain yield compared with application of P and Kilieets only once as the basalt fertilizers
(Wangiyana et al., 2010). Davies et al. (2020) also repdrgdricreasing split and doses of nitrogen
fertilizer increased maize grain yield, nitrogen use&iefficy, and rate of nitrogen recovery by maize
plants. These mean that increasing both doses and foygwénfertilizer application is very
important in an effort to increase grain yield of neai

Maize plants were also reported to be responsivegand fertilization. Wangiyana et al. (2010)
reported that application of cattle manure of 10 ton/hedufition to the recommended dose of NPK
fertilizers significantly increased growth, grain yieldnd other yield components of maize,
especially weight of 1000 grains and harvest index. Applicaifomanure in addition to nitrogen
fertilizer was also reported to significantly increasaize grain yield in the Sub-Saharan Africa both
under low and medium fertility soils (Zingore, 2011). In the dndlaf North Lombok, application
of soil organic ameliorant in combination with foliar ganic fertilizer in addition to the
recommended dose of NPK fertilizer was also found to sagifly increase biomass weight and
grain yield per plot, and reduction of the NPK fertililmse to only 70% the recommended dose in
combination with these two types of organic fertilizéso tended to resulted in higher grain yield,
when compared with application of the recommended dose offéllzer (Jaya et al., 2021).

In addition to NPK and organic fertilizers Silicon (88s been proven to be beneficial for crop
growth and yield, especially for those growing under unfaverabiironmental conditions (Liang,
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2018). According to Yan et al. (2018), nowadays Si fertilizatrosome important crops has been
practiced in many countries including China, Thailand, thiépgpine, Ceylon, Vietnam, Sri Lanka
and India, due to the beneficial effects of Si on groavitl yield of various crops. As summarized by
Yan et al. (2018), fertilization of crops with Si not onlgrieases yield of the crops, i.e. up to 10.4%
in maize, up to 13.6% in soybean, and up to 28.5% in rice, atiraproves quality of its yield. In
paddy soils, long-term application of Si fertilizer was fouadsignificantly increase abundance of
Actinobacteria, enzyme activities, nutrient availability, and comgositof soil bacterial community,
when compared with paddy soils treated with NPK only dnaut NPK (Samaddar et al., 2019).

In maize, most researches reported the effects @fspiotm silicates on crop growth under
environmental stress, mostly under salinity and droughtsstresvater deficiency (Xie et al., 2015;
Marques et al., 2016; Ibrahim et al., 2020; Ning et al., 20X®. et al. (2015) reported that
application of Si fertilizer significantly increased pbsynthetic rates, stomatal conductance, and
intercellular CQ concentration while decreasing transpiration ratesgiwlgd to increase growth an
yield of maize plants in saline-alkaline soils. Si appiarain the form of Calcium silicate was also
reported to be able to mitigate water deficiency inzegMarques et al., 2016). Other researchers
(Ibrahim et al., 2020) used potassium silicate alleviateagjing effects of deficit irrigation in maize
by spraying KSiOs; solution to maize leaves, and found 2 mM was the beskeatmation that can
increase shoot dry weight, leaf area index (LAI), nutreamtents, ear length and diameter, and grain
yield in maize. In addition, Ning et al. (2020) reported drowgitess in maize, either during the
vegetative of reproductive stages, can be alleviated by afimticaf Si fertilizer in the form of
Na;Si0;.9H0.

This study aimed to examine the effect of application oamwigor Si fertilizer in addition to
NPK on growth and yield of several varieties of maizeainfed land of East Lombok, Indonesia,
during a dry season.

2. MATERIALS AND METHODS

In this study, the experiment was conducted on a rainfea iar Wanasaba village, East Lombok,
Indonesia, from July to September, 2015. This piece of landiglysised to grow rice during rainy
seasons, followed with direct-seeded soybean or mungbedheamohaize crop.

2.1. Design of the experiment

The field experiment was designed according to Randomized Ceniplleck Design, with two
treatment factors namely varieties of maize (V1=i-BjsV2= Srikandi, V3= Pioneer 27) and
fertilizer combinations (F1= NPK only, F2= NPK + organik3= NPK + silicate fertilizer).
Therefore, there were nine treatment combinations, ackl eombination was made in three blocks
as the replications.

2.2. Implementation of the experiment

The organic fertilizer used in this experiment was infthen of “bokashi”, i.e. EM-4 fermented
cattle manure, while the silicate fertilizer, in Indoaesias sold as granule “AGROSIL”, which was
from the POS Ceramics Co, Ltd, Korea, with 25% solubleiSiAcid, 2% Silicic Acid Magnesia,
and 40% Alkalinity http://en.posceramics.co.kr/product/product 01_03).pMpe maize varieties
were hybrid (Bisi-2 and Pioneer-27) and an open-pollinatadtygSrikandi).
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Land preparation was started with formation of ralseds, after once plowing and once
harrowing of the land after harvest of short-duration mungbmap which was direct-seeded
following harvest of rainy-season upland rice. Each raised-lasdmade with a size of 3.5 x 2.0 m
and height of 0.2 m surrounded with a furrow of 0.3 m width. Fortrgsgment with addition of
organic fertilizer, the “bokashi” was spread on the surtddbe raised-beds prior to maize seeding
with a dose of 1 kg/fmMaize seeds were dibbled under plant spacing of 70 x 20 cm byjndil2:8
seeds per planting hole which was tinned at 2 weeks sfteding (WAS), just before NPK
fertilization, to leave only 1 plant per planting hole.

Application of N-P-K fertilizer was done at 2 WAS by dibblihonska (NPK 15-15-15)
fertilizer 7 cm deep and 7 cm apart from maize stem basalase of 300 kg/ha or 4.5 g/plant. For
the treatment with addition of organic fertilizer (F2), &dion “bokashi” fertilizer was done one
day before seeding, by mixing “bokashi” fertilizer witbilsof the raised-bed surface up to 7 cm
depth, with a dose of 10 ton/ha or 7 kg per raised-bedtHeotreatment with addition of silicate
fertilizer, the Agrosil fertilizer was applied on thensa time of application of NPK fertilizer by
dibbling Agrosil on the opposite side of the NPK hole, with aedof 400 kg/ha or 6 g/plant. The
second application of fertilizer was done at 6 WAS using iMR& Agrosil fertilizers with the same
doses and application technique as the first application, bavém with soil piling around the stem
base. Other crop maintenance weeding (3 times every 3 waekf)secticide spray when the tassels
start to emerge on some plants and at the milk seed g&gg,a systemic insecticide to avoid attack
of stem borers and ear borers. Harvest was done by takinghenhusked ears and the rest of the
above-ground plant parts including the husk leaves were gdfdr weight of dry stover.

2.3. Observation variables and data analysis

The observation variables include number of green leanéplant height at 8 WAS, average growth
rate (AGR) of plant height, dry stover weight, percentaigdry weight, weight of 100 dry grains,
dry grain yield per plant, and harvest index, i.e. paeggnof dry seed weight to dry weight of the
above-ground plant parts, which were measured from 4 sgohgiés taken randomly from the
diagonal line of the raised-bed.

The data were analyzed with Analysis of Variance (AM(D and Tukey's HSD (Honestly
Significant Difference) using the statistical softwam@SEt for Windows ver. 6.303. Graphics were
made using MS Excel for Windows based on the individual meadsstamdard error of the
treatment combination (Riley, 2001).

3. RESULTS AND DISCUSSION

The summary of the ANOVA results in Table 1 shows thah bactor had significant effects on
almost all variables except the effect of varieties orcqreage of dry weight and the effect of
fertilizer combinations on harvest index. However, there wigeificant interaction effects between
the two factors but they were significant only on plant heggt®8 WAS, AGR of plant height, and
dry grain yield per plant.

Based on the interaction effect of the treatment facbor plant height at 8 WAS it an be seen
from Fig. 1 that fertilizer combinations did not affectrglaeight of Bisi-2 variety but plant height of
Srikandi and Pioneer-27 varieties was significantly difieree. higher due to addition of organic or
silicate fertilizer in addition to the NPK fertilizer§he trends of AGR differences among fertilizer
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combinations were similar to plant height of Srikandi areh®er-27 varieties, which were highest in
maize plants supplied with NPK and silicate fertilizeowéver, the opposite trends occurred in the
Bisi-2 variety, in which the highest AGR was in maizenfdafertilized with NPK only. Since the
measurement of plant height was done every two weekscabig mean that in the beginning of
measurements, plant height was higher in the Bisi-2 plartbzed with NPK + silicate followed
with NPK + organic fertilizers compared with NPK only, ¥ehihe final height was similar among
the three fertilizer combinations (Fig. 1).

Table 1. Summary of ANOVA results for all observatiamiables

: . Maize Fertilizer . Coefficient of

Observation variables Blocks - S Interaction o
Varieties combination variation (%)

Green leaf number per plant at 8 weeks ns o * ns 8.52
Plant height at 8 weeks after seeding ns ok rkk ** 5.13
Average growth rate (AGR) plant height ns ok * rkk 7.90
Dry stover weight per plant ns ok ok ns 5.53
Weight of 100 dry grains ns *kk rkk ns 7.38
Dry grain yield per plant ns ok ok * 5.64
Harvest index ns ok ns ns 4.96

Remarks. ns= non-significant; *, **, *** = gsignificant ap-value <0.05, p-value <0.01 andp-value <0.001
respectively
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Fig 1. Average (Mean + SE) plant height (cm) for eachFig 2. Average (Mean + SE) AGR of plant height
fertilizer combination and variety (cm/day) for each fertilizer combination and variety

In relation to weight of 100 dry grains, fertilizer coméions showed significant effects in Bisi-
2 and Srikandi varieties, but in Pioneer-27 variety, additiborganic fertilizer did not result in
different weight of 100 dry grains (Fig. 3). Addition of angafertilizer also could not increase grain
yield of Bisi-2 and Srikandi varieties, but averages of gyaahd of Pioneer-27 were significantly
different between fertilizer combinations in which additmfrboth organic and silicate fertilizers in
addition to NPK fertilizer significantly increased grairelg (Fig. 4). These indicate different
responses between varieties of maize to addition of ardenilizer, as can be seen from Fig. 4 that
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addition of organic fertilizer did not significantly increagrain yield of Bisi-2 and Srikandi varieties
but the increase in grain yield was significant in trenBer-27 variety.
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Fig 3. Average (Mean + SE) weight of 100 dry grainkig 4. Average (Mean + SE) dry grain yield (g/plant)
(g) for each fertilizer combination and variety of maizéor each fertilizer combination and variety of maize

This could be due to the very low organic fertilizer adexd to the surface of the raised-beds, i.e.
only 10 ton/ha, which was mixed with the surface soil. Theeengental results presented by Motsi
et al. (2019) also showed no significant differences in gyl between levels of cattle manure
application (0, 2.5 and 5 ton/ha) except in the treatmertteouti application of N fertilizer, maize
grain yield was significantly different between applcatof O and 5 ton/ha cattle manure, in which
cattle manure was spread evenly on the bed surface. Halni(2019) also applied cattle manure by
mixing it with the soil surface prior to planting in their exinent with six treatments including
control (0, 4, 8, 12, 16 and 20 ton/ha), and they found that thas a significant effect of cattle
manure doses on total N uptake and N-use efficiency by npdargs. However, the significant
different in total N uptake over the control was from ppliaation dose of 12 ton/ha, while the dose
of 4 and 8 ton/ha did not show a significant different fromdontrol (Hani et al., 2019).

If the application of the organic fertilizer was done by plgahe fertilizer around below the
seeds in the planting holes then under the application of 10 toatth@ manure would result in an
application dose of 150 g/plant. By this application technicuee ekperimental results reported by
Wangiyana et al. (2010) indicated that application of 10 ton#itle manure significantly increased
grain yield per plant, weight of 1000 grains, harvest indexi other growth variables, in which the
cattle manure was applied by burying it in the maize rogferb seeding with a dose of 1.5 kg per
row of 10 maize plants (10 ton/ha) of Bisi-2 variety. Weahgl. (2017) also reported that application
of organic manure of 52.5 ton/ha spread evenly on the pl@csusignificantly increased maize
grain yield, especially under the highest plant density dd(D plants compared with 75 and 60
plants/ha in the second year of manure application.

However, application of silicate fertilizer in addition td°K fertilizers on average resulted in
higher increase in growth variables (Table 2) and yield comp®ri@able 3) of maize compared
with adding cattle manure. In relation to yield responsdifbérent maize varieties, application of
silicate fertilizer in addition to NPK fertilizers alssignificantly increased weight of 100 dry grains
(Fig. 3) and dry grain yield per plant in all maizeigtes tested (Fig. 4), which indicates significant
contribution of silicate fertilizer in increasing maizeelgi compared with application of NPK
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fertilizers only. This means that Si is beneficialnoreasing yield of maize under rainfed conditions
(Liang, 2018).

Many have reported that application of silicate ferilszimproved tolerance of various crops to
environmental stresses. Xie et al. (2015) reported that ajmticaf Si fertilizer significantly
increased growth and yield of maize plants in salinatalé& soils. From results of pot experiments,
Zaimenko et al. (2018) also reported that application ofasdg mixed with organic fertilizer
alleviated reduction of shoot and root biomass production antbgymbhetic pigment contents
imposed by higher salinity levels. Si application can atditgate water deficiency (Marques et al.,
2016), and alleviate damaging effects of deficit irrigaiiomaize. Ning et al. (2020) also reported
that Si fertilizer in the form of N&iO;.9H,0 can alleviate drought stress in maize, either during the
vegetative of reproductive stages.

Tabel 2. Average green leaf number and plant heigh¥/#AS, AGR plant height and dry stover weight of
maize for each variety and fertilizer combination

Treatments Green leaf number Plant height (cm) at AGR plant height  Dry stover weight

per plant at 8 WAS 8 WAS (cm/day) (g/plant)
V1: Bisi-2 11.44a 129.6% 1.83c 175.52b
V2: Srikandi 9.8% 145.90a 2.31a 188.92a
V3: Pioneer-27 11.56 142.44a 2.09b 201.27a
Tukey's HSD 1.13 8.70 0.20 12.67
B1: NPK only 10.13 128.32c 2.01b 170.50b
B2: NPK + organic 10.84ab 138.6% 1.99b 181.21b
B3: NPK + silicate 11.84 151.0% 2.23a 214.00a
Tukey's HSD 1.13 8.70 0.20 12.67

Remarks: Means in the same column followed by the same lettexsnot significantly different between
treatments of each factor

Our results also showed that application of silicate liftegti in addition to NPK fertilizers,
significantly improved growth (Table 2) and yield components of englable 3) compared with
application of NPK fertilizers only, except for harvest indéx,which the increase was not
significant. According to results of a factorial experimegported by Zaimenco et al. (2018),
application of silicates could increase photosynthetic pigs) and growth of roots and shoots, and
biomass production of maize plants since the seedling gstatfes. Xie et al. (2014) also reported
that silicate fertilizer increased chlorophyll contemtd photosynthetic rates of maize plants on
alluvial soil. In this study, average number of greavés per plant was also highest in maize plants
receiving silicate in addition to NPK fertilizer, whidiso means higher chlorophyll content per
plant, like the results reported by Xie et al. (2014). Wheswth and biomass production are
increased by silicate fertilizers since the seedlimgwith stages of maize then it is logical that the
final growth results, such as average number of geare$ prior to anthesis (8 WAS), plant height
and dry stover weight per plant were higher in maize plaatsiving application of silicate fertilizer
(B3) in addition to NPK fertilizer compared with thoseeaiwing NPK fertilizers only (Table 2).
From results of correlation analysis, these growthatdes (plant height and green leaf number prior
anthesis, and dry stover weight at harvest) and harvest iteteglwed significant correlation with
dry grain yield per plant (Table 4).
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Tabel 3. Average weight of 100 dry grains, dry grain ypeld plant, and harvest index of maize for each
variety and fertilizer combination

Treatments Weight of 100 dry grains (g) Dry grain yield (g/plant) Harvest index (%)

V1: Bisi-2 23.11b 89.65¢c 33.81b

V2: Srikandi 24.7Mm 101.58 35.11b

V3: Pioneer-27 27.52 158.07a 43.78a
Tukey's HSD 2.25 7.99 2.27

B1: NPK only 22.54 103.4% 37.37a

B2: NPK + organic 24.78 110.41b 37.27a

B3: NPK + silicate 28.0a 135.44a 38.07a
Tukey's HSD 2.25 7.99 2.27

Remarks: Means in the same column followed by the same lettexsnot significantly different between
treatments of each factor

Table 4. Coefficients of correlation between obaton variables and their p-values

Correlation coefficients Stover dry Weight of Dry grain Harvest Green leaf Plant
and p-values between weightper 100dry  vyield per : number at height at 8
variables plant grains plant index 8 WAS WAS
Weight of 100 dry grains 0.795
p-value 0.000
Dry grain yield per plant 0.658 0.670
p-value 0.000 0.000
Harvest index (%) 0.313 0.441 0.914
p-value 0.112 0.021 0.000
Green leaf number at 8 WAS 0.455 0.424 0.441 0.287
p-value 0.017 0.027 0.021 0.146
Plant height at 8 WAS 0.612 0.634 0.506 0.294 0.187
p-value 0.001 0.000 0.007 0.137 0.351
AGR of plant height per day 0.366 0.319 0.321 0.195 -0.126 0.875
p-value 0.060 0.105 0.103 0.330 0.532  0.000

Multiple regression analysis resulted in almost 100%bdween dry grain yield per plant, as the
response variable, and the X variables consisting of pleight 8 WAS (X1), green leaf number 8
WAS (X2), dry stover weight (X3), and harvest index (X4)}hvé regression equation Y = =- 216 +
0.103 X1 + 1.13 X2 + 0.538 X3 + 5.44 X4*R 99.1%), with the p-values for each X-variables as
listed in Table 5.

Table 5. Statistics of the regression between giiald (Y) and plant height (X1), leaf number (X2), stover
weight (X3) and harvest index (X4)

Predictor Coefficient SE Coef T P-value

Constant -216.128 8.225 -26.28 0.000
Plant height 8 WAP 0.10300 0.05901 1.75 0.095
Leaf number 8 WAP 1.1273 0.5962 1.89 0.072
Dry stover weight 0.53828 0.04067 13.24 0.000
Harvest index 5.4400 0.1505 36.15 0.000

Journal of Sustainable Dryland Agricultural Systems, Vol. 1, Issue 1 (Jun, 2021) 20 | Page



Addition of silicate or organic fertilizer increases maize yield

When the multiple regression analysis was run in eachrteed of fertilizer combination, it can
be seen from Table 6 that under fertilizer combination of N#ld silicate fertilizer (B3), the
contribution of harvest index was highest, with the highest regressefficient of 6.35 compared
with under B2 with a regression coefficient of 4.88 or undemi8h a regression coefficient of only
4.54 (Table 6).

Table 6. Regression equations between grain yield (Ypkmd height (X1), leaf number (X2), stover weight
(X3) and harvest index (X4) for each fertilizer combination

Fertilizer combination Regression equation R

P1: NPK only Y =-165-0.0850 X1 +0.709 X2 + 0.599 X3.544X4 99.8%
P2: NPK+organic Y =-197 - 0.0284 X1 + 1.19 X2 + 0.644 X388%K4 99.8%
P3: NPK+silicate Y =-204 - 0.107 X1 - 1.08 X2 + 0.594 X8.35 X4 99.9%

Addition of silicate fertilizer not only increased grairelg per plant, it also increased weight of
100 dry grains (Table 3), and this yield component also shoigeificant correlation with number
of green leaves and plant height at 8 WAS and dry stovigthtvper plant (Table 4). Taller maize
plants and higher number of green leaves prior to anth&sld esult in higher photosynthetic rates
during reproductive stages of the maize plants, and thid beuthe reason why higher plant height
and number of green leaves prior to anthesis (Tabt®r2gspond with higher grain yield per plant
and higher weight of 100 dry grains (Table 3). Among the thaeeties of maize tested, the hybrid
variety “Pioneer-27” seems to be more responsive to additfentilization with both silicate and
organic fertilizer in the form of cattle manure compavéth the hybrid variety “Bisi-2” and the
open-pollinated variety “Srikandi”, especially inres of grain yield per plant, as can be seen from
Fig. 4. However, between both additional fertilizersjzmavarieties tested were more responsive to
addition of silicate than cattle manure. Thereforecah be concluded that addition of silicate
fertilizer is highly beneficial in increasing growth ancelgi components of maize, especially the
hybrid variety “Pioneer-27” under rainfed growing condition.

4. CONCLUSION

It can be concluded that addition of silicate fertilim@re significantly increased growth and yield of
maize compared with addition of organic fertilizer in additton NPK fertilizers. Among the
varieties, Pioneer-27 (hybrid) was the most responsive tti@udf silicate fertilizer and yielded the
highest followed by Srikandi (open-pollinated) and Bisi-2 (hybyidlded the lowest grain weight
per plant.
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