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Abstract

There is a huge potential of upland for developing food crops to shortage the increase in rice production in
Indonesia. Upland rice that adaptable to dry land could support national rice production. Among the limit factors
of upland rice productivity in Indonesia are infertile land and cultivation practices. The purpose of the study was
to find out the effect of microbial inoculant application combined with nitrogen (N) fertilizer dosage to the
cultivation of upland rice Inpago LIPI Go4. The factorial experimental design with two factors was applied,
namely the supply of microbial inoculant and the dosage of N fertilizer and, i.e., 0%, 50%, 100% N (200 kg ha™'
Urea). The inoculant comprises of Aspergillus niger, Trichoderma viride, and Azotobacter. Each treatment
combination was repeated four times. The microbial inoculant treatment solely effects significantly plant height,
tiller number, and panicle weight of the upland rice, whereas N dosage treatment solely influences significantly
plant height and tiller number. There was no interaction significant effect of microbial inoculant and N fertilizer
dosage to all growth, production, and content of leaf N parameters. The maximum production of the upland rice
was 4499 kg ha™', whereas the average production was 3816 kg ha™ grain weight. The highest yield was obtained
from the plant with the supply of microbial inoculant and the treatment of 50% N fertilizer (100 kg ha™ Urea).
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1. Introduction

The population growth of Indonesia is estimated at 24.4% from 258 million in 2015 to 321 million in 2050
(United Nations, 2015). In consequence of the population increasing of the country is the rising of food
consumption requirements. Most Indonesian societies consume rice as the main staple food.

Rice consumption for 2017/2018 is maintained at 38.0 million tons in Indonesia, whereas the production of
milled-rice was 37 million tons (Global Agricultural Information Network [GAIN], 2018). To cover up the
shortcomings, Indonesia must import rice. In 2017/2018, rice import of Indonesian reached 2.15 million tons
based on realized imports of state-owned purchasing and logistics agency BULOG (GAIN, 2018). Therefore, the
country needs to increase the national rice production from new or more resources. Rice production in Indonesia
generally resulted from lowland and irrigated areas, mostly in Java island. In the future, Indonesian agriculture
cannot rely only on the irrigated lowland rice to support food production.

One way to shortage the increase in rice production in Indonesia is to utilize dry or upland for upland rice
cultivation. The potential of upland in Indonesia for developing food crops is about 12.9-25.1 million ha and
upland suitable for growing upland rice expansion is 5.1 million ha (Toha, 2012; Syuaib, 2016; Idjudin &

78



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 11; 2020

Marwanto, 2008). Therefore, upland rice that adaptable to dry land could also support the national rice
production (Tarigan et al., 2019; Budiono & Adinurani, 2017; Taridala et al., 2018). Only about 1 million ha has
been used for upland rice cultivation (Suwarno, 2010), whereas according to the data, the total area of upland
rice cultivation in Indonesia is 1.2 million ha with the productivity of 2560 kg ha™ or only about 50% of irrigated
lowland rice productivity (Central Agency of Statistic [BPS], 2010). On the other hand, the potential production
of new release upland rice variety in Indonesia and also upland rice production in Peru could reach 7100-7200
kg ha™! (De Datta, 1975; Jamil et al., 2016). The result of intensive cropping pattern research indicated that dry or
upland could also produce up to 10000 kg ha™ year™ of grain equivalent, meaning that upland rice production is
not inferior to irrigated lowland rice (Toha & Fagi, 1995).

Among the limit factors of upland rice productivity, are infertile land and cultivation practices (Saito et al., 2006;
Putra, 2011; Chaudhuri, 2015; Edi et al., 2015). The increase of upland rice productivity could be achieved
through inorganic fertilization and bio-organic fertilization, such as in the form of microbial inoculant. The
addition of 90 kg ha™ nitrogen (N) fertilizer of new variety of upland rice cultivated in North Laos could increase
its production from 3100 kg ha™ into 4000 kg ha”, whereas the local variety of upland rice production could
increase from 1600 kg ha™' into 1900 kg ha™ (Saito et al., 2006).

The availability of soil nutrient of N and phosphor (P) sometimes become a problem for plants, due to N
leaching and P bounding at the soil. The use of microbes, especially those that fixated N and dissolved P could
support the availability and absorption of N and P for plants (Islam et al., 2016; Sarkar et al., 2012). The use of
microbial inoculants at rice cultivation could reduce the requirements of inorganic fertilizers (Khan et al., 2017;
Mulyaningsih et al., 2015).

In this study, we used upland rice Inpago LIPI Go4, as an upland rice cultivar has been released in 2014 by
Research Center for Biotechnology, Indonesian Institute of Sciences. This upland rice was the result of the
upland rice breeding research of Way Rarem variety and Vandana variety. According to the description of the
variety (Jamil et al., 2016), the superiority of this upland rice variety is drought tolerance and reasonably tolerant
to blast disease race 073. The age of this upland rice plant is £113 days, suitable to be planted in drought and low
land with an altitude less than 700 m above sea level. The high productivity potency is 7100 kg ha™ with the
average productivity is 4180 kg ha™.

The study aimed was to find out the effect of N fertilizer dosages combinate with microbes/organic application
to the cultivation of upland rice Inpago LIPI Go4 to produce optimal and efficient yield. The results of the study
will be very useful as practical guidelines and scientific information for the farmers, entrepreneurs, industrialists
and also researchers in producing and studying the upland rice, especially cv Inpago LIPI Go4 to get optimal
yield.

2. Material and Methods
2.1 Location and Experimental Design

The study was conducted at Cibinong Science Center and Botanic Gardens field, Bogor Regency, West Java
Province in Indonesia from March until July 2017. The location of upland rice cultivation was 250 m above sea
level, with minimum and the maximum average temperature in between 24.3 °C and 27.8 °C, the average daily
air humidity in between 66% and 93%, average daily wind speed in between 3.6 km h™' and 14.4 km h”'. The
rainfall during the study was between 23.4 mm and 350 mm (Meteorology, Climatology, and Geophysical
Agency [BMKG], 2018). Chemical soil analysis was conducted from four different block locations of the field
before the study and from 24 plot study areas after study, including soil pH, carbon (C), C/N ratio, available N,
and available P,Os (Appendix A).

Suboptimal and Imperata cylindrica grassland area with alfisol soil type was planted with upland rice Inpago
LIPI Go4. Before being planted, the soil was plowed and then mixed with compost as much as 15 kg per plot or
12500 kg ha™'. The chemical content of the compost could be seen in Appendix B. Two Factorial Block Design
was applied for the study, namely microbial inoculant application and N fertilizer (Urea) dosages. Microbial
inoculants comprised of Aspergillus niger, Trichoderma viride, and Azotobacter. Microbial inoculant treatment
comprised of control or without microbial inoculant application (C) and microbial inoculant application (I) was
done one week after planted. On the other hand, three dosage treatments of N fertilizer applied were 0, 50%,
100% of the recommended dosage namely 200 kg ha of Urea (46% of N). N fertilizer (Urea) was applied twice,
namely in the same time of seeds planting and 4 weeks after planted. The study area was arranged with 4 x 3 m’
plots for each combination treatment and was repeated 4 times at different blocks (24 in total).
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2.2 Plant Cultivation and the Variables to be Analyzed

Three seeds of upland rice Inpago LIPI Go4 were planted per hole with spacing 40 x 15 cm?”. Triple Super
Phosphate (44%-46% P,0s) (75 kg ha™) and Potassium chloride (60%-63% K,0) (50 kg ha™) fertilizers were
also applied at the time of seed planting. Plant growth parameters namely plant height, leaf number, and tillers
number were analyzed at 3, 5, and 7 weeks after planting (WAP). The flowering period occurred 7 WAP of an
upland rice plant. The productivity of upland rice measured at harvest time (14 to 15 WAP) was dry biomass
weight, seed weight, and panicle weight. N leaf content was also analyzed using Kjeldahl method. 0.5 g dry plant
powder was digested with a Kjeldahl digestion unit (UDK 48, VELP Scientifica, U.S.) in boiling 98% H,SO, (10
ml) and catalyst (mix of 9.0 g K,SO4 and 1.0 g CuSO45H,0). The samples were thereafter distilled in an
Automatic Kjeldahl Distillation Unit (UDK 149, VELP Scientifica, U.S.) into 10 ml (40% H;BO;), and
subsequently were titrated with 0.02 N H,SO,4. N content was calculated and expressed as% of dry matter.

3.1 Statistical Analysis

All subject growth, productivity, and N content of plant leaf analysis were subjected to compare means
continued with posthoc Duncan using Statistical Program SPSS 15.0 (SPSS Inc. Chicago, USA, 2006). The
analysis comprises of solely the effect of microbial inoculant and the effect of N fertilizer dosage, as well as a
combination between microbial inoculant and N fertilizer dosage.

3. Results

The summary of variance analysis for plant height parameter of upland rice at 3, 5, and 7 WAP is presented in
Table 1. Microbial inoculant treatment solely and nitrogen dosage treatment solely influenced significantly to
plant height during 3, 5, and 7 WAP (Table 1). On the other hand, the interaction between microbial inoculant
and nitrogen dosage treatments had no significant effects on plant height parameters during those 3 times of
observation (Table 1). The microbial inoculant treatment solely increased plant height significantly namely 15%
from 30.3 cm at 3™ week, 8.4% from 49.7 cm at 5" week, and 5.8% from 68.3 cm in the 7™ week, respectively
(Figure 1A). At 7 WAP, microbial inoculant application treatment reached 72.3 cm height (Figure 1A). On the
other hand, the treatment of 50% and 100% nitrogen fertilizer dosage resulted in a significantly higher upland
rice plant as compared to 0% N fertilizer treatment at 3 and 5 WAP (Figure 1B). The highest upland rice plants at
7 WAP was resulted from 100% N fertilizer treatment (76.9 cm), whereas the lowest plant (64 cm) resulted from
0% N fertilizer treatment (Figure 1B).

Table 1. Analysis of variance summary for the effect of microbial inoculant (M) and N fertilizer dosage (N) on
plant height of upland rice Inpago LIPI Go4 at different age in Bogor regency, West Java, Indonesia

Sources Plant Height

3 WAP 5 WAP 7 WAP
M 114.9%* 31.9%* 10,6+
N 3.7%% 11.2%* 19, 7%
M*N 0.3 0.1 01

Note. Value = F Test; ** statistically significant at 0.05 level probability (Using LSD Test).
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Figure 1. Plant height of upland rice Inpago LIPI Go4: (A) the microbial inoculant treatment solely at 3, 5, and 7
WAP, (B) the N fertilizer dosage treatment solely at 3, 5, and 7 WAP. Different lowercase letters indicate a
significant difference (P < 0.05)

The summary of variance analysis for the effect of microbial inoculant application and N fertilizer dosage
treatments on leaf number of upland rice Inpago LIPI Go4 at 3, 5, and 7 WAP is presented in Table 2. Whereas
the detailed variance analysis is presented in Appendix 6 until 8. No significant influence of microbial inoculant
application solely, nitrogen dosage fertilizer solely, and interaction between the treatments to the leaf number
parameter at 3, 5, and 7 weeks after planted (Table 2). Data on the leaf number at 7 WAP is presented in Table 5.
The average leaf number of all treatments at 7 WAP was in between 4.30 and 4.53 (Table 5).

Table 2. Analysis of variance summary for the effect of microbial inoculant (M) and N fertilizer dosage (N)
treatments on leaf number of upland rice Inpago LIPI Go4 at different age in Bogor regency, West Java,
Indonesia

Leaf Number
Sources 3 WAP 5 WAP 7 WAP
M 0.9 0.4 0.2
N 0.2 53 3.5
M*N 0.1 1.0 0.6

Note. Value = F Test.

Table 3 presented the summary of variance analysis for the effect of microbial inoculant and N fertilizer dosage
on tiller number of upland rice Inpago LIPI Go4 at 3, 5, and 7 weeks after planted. There were significantly
influenced by microbial inoculant treatment solely on the tiller number at 3 and 5 WAP. However, no significant
effect of microbial inoculant treatment solely at 7 WAP, with the average tiller number was 21.0 (Table 3 and
Figure 2A). Inoculant treatment could increase 40% of the tiller number from 4.5 into 6.4 at 3 WAP and
increased 30% from 11.0 at 5 WAP respectively (Figure 2A). In contrast, the treatment of nitrogen dosage solely
affected significantly to the tiller number at 5 and 7 WAP but no significant effect at an earlier stage of 3 WAP
respectively (Table 4). The tiller number with 50% and 100% dosage treatments increased 19.3% and 29.0%
respectively as compared to 0% N treatment (Figure 2B). While the treatment of 100% nitrogen fertilizer dosage
resulted on the highest upland rice plants at 7 WAP (76.9 cm) and the highest number of tillage (23.5 cm),
whereas the lowest plant (64 cm) and the lowest number of the tiller (18.3 cm) were those of the treatment 0% N
(Figure 2A). On the other hand, there was no significant interaction effect between microbial inoculant and
nitrogen fertilizer dosage treatments to tiller number parameter during 3 times observation (Table 3).
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Table 3. Analysis of variance summary for the effect of microbial inoculant (M) and N fertilizer dosage (N) on
tiller number of upland rice Inpago LIPI Go4 at different age in Bogor regency, West Java, Indonesia

Sources Tiller Number

3 WAP 5 WAP 7WAP
M 0.8** 9.8%* 107
N 42.0 37.0%% 0.04%+
M*N 0.4 13 09

Note. Value = F Test; ** statistically significant at 0.05 level probability (Using LSD Test)
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Figure 2. Tiller number of upland rice Inpago LIPI Go4: (A) the microbial inoculant treatment solely at 3, 4, and
7 WAP, (B) the N fertilizer dosage treatment solely at 3, 5, and 7 WAP. Different lowercase letters indicate a
significant difference (P < 0.05)

The summary of the variance analysis of plant dry weight, panicle weight, and seed weight (production
parameter), as well as N content of upland rice plant leaf, could be seen in Table 4. Microbial inoculant
application treatment solely only influenced significantly to panicle weight, i.e., 34.9 10 kg plant” (Figure 3).
On the other hand, the results of the study showed that there was no significant influence of microbial inoculant
treatment solely and nitrogen fertilizer dosage treatment solely as well as the interaction of both treatments to
plant biomass dry weight, seed weight and N content of plant (Table 4). Plant dry weight of all treatments
applied were in between 62.40 10~ kg and 83.13 10~ kg, whereas seed weight was in between 15.97 10~ kg
clump™ or 2661 kg ha™ and 27.0 10™ kg clump™ or 4499 kg ha™' (Table 5), and the average was 22.19 10~ kg
clump™ or 3816 kg ha™. On the other hand, the N content of upland rice plants of Inpago LIPI Go4 was between
0.69% and 0.85% (Table 5).

Table 4. Analysis of variance summary for the effect of microbial inoculant application (M) and N fertilizer
dosage (N) on dry weight, production parameter, and N leaf content of upland rice Inpago LIPI Go4

Sources Plarg Dry Weig_lllt Pan_i}cle Weig}_llt See_(31 Weight ; N Content of Plant
(10~ kg clump™) (10~ kg plant™) (10~ kg clump™) (%)

M 0.07 0.58%* 0.04 0.80

N 1.02 3.87 1.28 2.49

M*N 0.43 0.22 0.82 1.04

Note. Value = F Test; * statistically significant at 0.1 level probability (Using LSD Test).
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Figure 3. Panicle weight of upland rice Inpago LIPI Go4 of the microbial inoculant treatment solely. Different
lowercase letters indicate a significant difference (P < 0.05)

Table 5. All parameters that had no significant effects due to different microbial inoculant and N fertilizer dosage
treatments

Treatments Leaf Number Plagt Dry Weig_}lt See_c}l Weight B N Content of Plant
at 7 WAP (10~ kg clump™) (10~ kg clump™) (%)
CN0% 4.44+0.30 ns 62.40+15.8 ns 21.45+7.08 ns 0.83+0.13 ns
CN50% 4.53+0.29 ns 63.34+14.1 ns 15.97+£7.76 ns 0.85+0.19 ns
CN100% 4.40+0.24 ns 73.59+22.8 ns 22.63+8.08 ns 0.83+0.07 ns
IN0% 4.30+0.22 ns 75.19+£16.0 ns 24.03+7.14 ns 0.71£0.05 ns
IN50% 4.33+0.28 ns 83.13+34.6 ns 27.00+11.34 ns 0.69+0.08 ns
IN100% 4.38+0.25 ns 71.21+34.1 ns 22.04+13.15 ns 0.85+0.19 ns

Note. MeanszSD followed by ns or not significantly different at probability 0.05 level according to (LSD) test.

4. Discussion

The microbial inoculant application solely increased significantly to plant height and tiller number of upland rice
Inpago LIPI Go4 (Tables 1 and 3, Figures 1A and 2A). Similar results on the effect of microbial inoculant
Trichoderma viride and Bacillus megaterium to the growth of rice were reported by Al-Taweil et al. (2009).
Improved of upland rice plant growth induced by microbes could be due to its association with rice through the
production of IAA, solubilization phosphate, and other mechanisms (Khan et al., 2017). From the results, it
could also be seen that microbial inoculant application treatment solely influenced on generative
phase/production of the plant (panicle weight) (Table 4 and Figure 3). The fact that upland rice plants of the
microbial inoculant application were higher and more weight of panicle than those without microbial inoculant
application showed that the microbes inoculated could survive and possibly multiply/proliferate. Those mixture
microbes as also explained by Bashan (1998) possibly could interact with each other synergistically, providing
nutrients, removing inhibitory products, and stimulating each other through physical or biochemical activities
that may enhance some beneficial aspects of their physiology, like nitrogen fixation. The microbes could also
then provide/increase available P or other enzymes or plant growth-promoting effect at the soil that is needed
during vegetative growth and generative period of plants (Khan et al., 2017; Jamily et al., 2019). The capability
of microbes to compete with microbes that already available at the soil depended on the capability of the
microbes to survive following by multiplying at the new environmental conditions of the soil (Gyaneshwar et al.,
2002).

On the other hand, N fertilizer dosage treatment solely influenced mostly on the vegetative phase of plants (plant
height and tiller number) (Tables 1 and 3, Figure 1B and 2B). Similar effects of N fertilizer dosage were also
explained by some other studies to rice plants (Sekhar et al., 2014; Sikuku et al., 2015; Chaudhuri, 2015). The
addition of N as macronutrient enhanced plant growth and development since N has roles as a component of
chlorophyll, enzyme, protein, and nucleic acid which support the growth mechanism of the plant (Marschner,
1995), i.e., N nutrition influences the content of photosynthetic pigments, the synthesis of the enzymes taking
part in the carbon reduction and the formation of the membrane system of chloroplast (Chaturvedi, 2005). The
impact of significant growth of upland rice due to the application of N fertilizers in this study could be the
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attribute of important constituents of nucleotides, proteins, chlorophyll, and enzymes, involve in various
metabolic processes that have a direct impact on the vegetative of plants.

No significant effect of N dosage treatment on the production and N plant content of upland rice in this study.
The availability of N is needed also during the reproductive phase for the formation and the filling of rice seed
(Chaudhuri, 2015), therefore N fertilizer should also be provided at the beginning of the reproductive phase
(Jemberu et al., 2015; Hirzel & Rodriguez, 2013). N fertilizer of upland rice cultivation at this study was
provided at the vegetative phase, i.e. at the beginning of seed sowing and at one month after seed sowing.
Available N resource may be utilized only for vegetative growth and the resource could not enhance upland rice
production significantly in this study. On the other hand, the N content of upland rice plants of Inpago LIPI Go4
was in between 0.69% and 0.85% (Table 5). Similar findings of N concentration in rice plants due to the effect of
increasing N fertilizer application rates have been reported by Hirzel and Rodriguez (2013), which were
fluctuated between 0.51% and 0.77%. N content of plants is influenced not only by the addition of N nutrient to
the soil and cultivar of rice plants but also the type of soil and the environments, including climate and season
(Hirzel & Rodriguez, 2013).

The maximum production of seed weight from the study was 4499 kg ha' (Table 5). Another study on the
additional application of microbial inoculant Azospirillum and Asotobacter other than inorganic fertilizer to
upland rice Inpago LIPI Go2 produced a similar result, with maximum productivity 4500-5200 kg ha™
(Mulyaningsih et al., 2015).

5. Conclusion

N dosage treatment solely significantly influences plant height and tiller number, whereas microbial inoculant
treatment solely significantly affects plant height, tiller number, and panicle weight of the upland rice Inpago
LIPI Go4. The maximum production of the upland rice was 4499 kg ha”, whereas the average production was
3816 kg ha' grain weight. The highest yield was obtained from the plant with the supply of microbial inoculant
and the treatment of 50% N fertilizer (100 kg ha"' Urea). Further study is needed to elucidate the detailed
mechanism of microbial inoculant applications that affect plant growth and production. Other required studies on
the upland rice are concerning the application of N fertilizer source other than Urea as well as different
application timing.
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Appendix A.
Chemical Content of The Soil at Upland Rice Cultivation Area
No.  Chemical Content Amount Category Methods
1 pH H,O 5.69-6.06 rather acid Potensiometry/pH meter
2 C-organic (%) 0.99-1.49 very low-low Walkey & Black
3 N-total (%) 0.11-0.16 very low Kjeldahl
4 C/N Ratio 8.68-9.80 Low Calculation
5 P,05 available (ppm) 5.1-48.6 Low-very high Olsen
6 K,0 available (ppm) 16.54-72.01 Low-very high CH;COONH4 1 N
7 Ion Change Capacity (cmol (+)/kg 10.01-10.84 Low CH;COONH4 1 N
8 Texture Clay, Silty clay Pipette
Appendix B.
Chemical Content of Compost that Applied to The Field Plots of Upland Rice Plants
No. Chemical Content Amount Methods
1 pH H,O 6.6 Potensiometry/pH meter
2 Water content (%) 59.00 Gravimetry
3 C-organic (%) 12.77 Oxidation/Gravimetry
4 N-total (%) 1.27 CNS Analyzer
5 C/N Ratio 10 Calculation
6 P,0;s total (%) 0.17 HNOs/Spectrophotometry
7 K,O0 total (%) 0.16 HNO; /F-AAS
8 Na total (%) 0.01 HNO; /F-AAS
9 Ca total (%) 1.82 HNO; /F-AAS
10 Mg total (%) 0.29 HNO; /F-AAS
11 Fe total (ppm) 12006 HNO; /F-AAS
12 Mn total (ppm) 667 HNO; /F-AAS
13 Cu total (ppm) 15 HNO; /F-AAS
14 Zn total (ppm) 5 HNO; /F-AAS
15 Pb total (ppm) 11 HNO; /F-AAS
16 Cd total (ppm) 0.8 HNO; /F-AAS
17 As total (ppm) Not detected HNO; /F-AAS
18 Hg total (ppm) 0.1 HNO; /F-AAS
19 Ion Change Capacity (cmol (+)/kg 16.84 NH4OAC pH 7/ Auto Analyzer
20 Humic acid (%) 1.89 Gravimetry
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