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Appendix I-III-1 Statistical Analysis to Clarify Factors Affecting Paddy Yield 

As the first step of predicting the future rice supply, the factors that determine the rice yield are 

analyzed using statistical procedures. In the statistical analysis, after confirming the influence of 

irrigation, cultivar, and fertilizer input on paddy yield, and the existence of interaction between each 

factor, the extent of the influence shall be revealed. Thus, the identified factors will be taken into 

consideration when setting the reference value and target value of yield in the future prediction of rice 

supply.  

(1) Farmer's Household Survey on Food Crops (SURVEI UBINAN TANAMAN PANGAN) 

For analysis of the factors that affect paddy yield, micro data (data per household survey) obtained by 

the farmer household survey (SURVEI UBINAN TANAMAN PANGAN) on food crops conducted 

regularly by BPS can be utilized. Micro data for the last three years (2014, 2016 and 2017) from BPS 

have been obtained. The variables used for statistical analysis and their details are shown in Table 

III.2.1. 

Table III.2.1 List of variables for factorial analysis 

Variable Data Remarks 

Province 34 different provinces  

Crop type 1) Wetland paddy or 2) Upland paddy 1) is used for analysis 

Land type 1) Irrigated rice fields, 2) Rain-fed rice fields, 3) Tidal swamp rice fields,  

4) Non-tidal swamp rice fields or 5) Non-wetland 

1) and 2) are used for 

analysis 

Cultivation method 1) Monoculture or 2) Intercropping 1) is used for analysis 

Used seed variety 1) Hybrid, 2) Superior (non-hybrid) or 3) Local  

Plot size for fertilizer 

input 

Specific m2 Converted to ha 

Fertilizer type and 

amount used 

1) Urea, kg, 2) TSP/SP36, kg, 3) KCL, kg, 4) NPK, kg, 5) Solid organic 

fertilizer, kg, and/or 6) Liquid organic fertilizer, L 

Converted to kg/ha 

Plot size for yield 

sampling 

1) 6.25m2 or 2) Specific m2 Converted to ha 

Yield per plot 1) kg/6.25m2 or 2) kg/Specific m2 Converted to kg/ha 

Source: UBINAN QUES SUB-S, SURVEI UBINAN TANAMAN PANGAN KETERANGAN HASIL UBINAN (BPS, 2012) 

 

In order to understand the factors that determine the yield of paddy rice, the statistical analysis is 

conducted targeting to rice farmers who cultivated both irrigated paddy fields and rainfed paddy fields. 

As for the cultivation method, single cropping of rice is targeted, and mixed cropping and 

intercropping are excluded. 

To give an overview of the data, details of the micro data provided for statistical analysis are shown in 

Table III.2.2. Sample sizes are 55,000, 63,000, and 68,000 in 2014, 2016 and 2017, respectively. The 

number of samples in each survey year varies widely by island and province, and the number of 

samples of Mark-Papua is smaller than the number of samples of other islands. 

           Table III.2.2 Details of micro data (number of sample households by island and province) 

 【2014】 【2016】 【2017】 

Province Targeted  Non-targeted Targeted  Non-targeted Targeted  Non-targeted 

Aceh 903 53 1,765 72 1,894 14 

Sumatera Utara 7,276 663 6,405 845 6,327 705 

Sumatera Barat 2,652 195 4,699 235 3,106 136 

Riau 265 218 474 240 821 299 

Jambi 682 296 923 293 1,040 246 

Sumatera Selatan 1,357 989 2,154 739 1,939 721 

Bengkulu 430 63 1,131 142 1,284 128 

Lampung 1,872 277 2,146 515 1,899 414 

Bangka Belitung 89 104 335 216 379 162 

Kepulauan Riau 35 0 70 7 49 15 

Sumatera 15,561 2,858 20,102 3,304 18,738 2,840 

DKI Jakarta 59 3 52 1 60 2 

Jawa Barat 9,234 560 7,856 867 9,406 578 
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 【2014】 【2016】 【2017】 

Province Targeted  Non-targeted Targeted  Non-targeted Targeted  Non-targeted 

Jawa Tengah 8,439 566 9,626 776 10,788 675 

DI Yogyakarta 792 190 775 208 798 214 

Jawa Timur 8,779 960 8,693 1,245 10,050 1,258 

Banten 1,298 137 1,141 156 1,438 152 

Java 28,601 2,413 28,143 3,253 32,540 2,879 

Bali 1,195 34 1,441 34 1,510 4 

Nusa Tenggara Barat 1,149 268 1,602 306 1,914 265 

Nusa Tenggara Timur 840 216 1,217 463 1,213 392 

Bali/Nusa Tenggara 3,184 518 4,260 803 4,637 661 

Kalimantan Barat 693 320 657 347 1,284 467 

Kalimantan Tengah 200 506 454 972 397 811 

Kalimantan Selatan 1,187 1,076 1,309 1,578 1,494 1294 

Kalimantan Timur 502 166 166 56 240 36 

Kalimantan Utara 78 24 102 151 143 99 

Kalimantan 2,660 2,092 2,688 3,104 3,558 2,707 

Sulawesi Utara 293 33 252 29 247 44 

Sulawesi Tengah 1,504 0 1,262 184 811 173 

Sulawesi Selatan 1,356 71 3,792 309 4,681 208 

Sulawesi Tenggara 287 105 1,095 131 1,150 97 

Gorontalo 387 7 448 12 475 11 

Sulawesi Barat 309 44 576 97 609 86 

Sulawesi 4,136 260 7,425 762 7,973 619 

Maluku 238 19 108 32 101 38 

Maluku Utara 141 58 83 53 34 24 

Papua Barat 19 0 83 12 84 4 

Papua 11 5 38 3 15 0 

Maluku-Papua 409 82 312 100 234 66 

Indonesia 54,551 8,223 62,930 11,326 67,680 9,772 

Source: JICA Study Team summarized the data from SURVEI UBINAN TANAMAN PANGAN 2014, 2016, 2017 (BPS, 2014, 2016, 2017) 

 

Among the micro data used for statistical analysis, the sample number of irrigated paddy field and 

rainfed paddy field by island is shown in Table III.2.3. As mentioned above, the number of samples in 

each survey year varies widely among islands and provinces, and in general, the number of farmers 

who conduct irrigated paddy cultivation is greater than the number of farmers who are cultivating 

rainfed paddy, except for Kalimantan. 

Table III.2.3 Details of micro data (number of irrigation and non-irrigation samples by island) 

 【2014】 【2016】 【2017】 

Island Irrigation  Non-irrigation Irrigation  Non-irrigation Irrigation  Non-irrigation 

Sumatera 9,454 6,107 13,164 6,938 12,455 6,283 

Java 19,344 9,257 19,656 8,487 24,771 7,769 

Bali/Nusa Tenggara 2,859 324 3,705 555 4,065 572 

Kalimantan 324 2,336 426 2,262 997 2,561 

Sulawesi 2,905 994 5,215 2,210 5,553 2,420 

Maluku-Papua 351 58 204 108 140 94 

Indonesia 35,237 19,077 42,370 20,560 47,981 19,699 

Source: JICA Study Team summarized the data from SURVEI UBINAN TANAMAN PANGAN 2014, 2016, 2017 (BPS, 2014, 2016, 2017) 

 

Among the micro data used for statistical analysis, the sample number of rice cultivars by island is 

shown in Table III.2.4. The cultivars are divided into three, hybrid seeds, superior seeds and local 

seeds. Although the number of samples varies widely among islands and provinces in any survey year, 

it was found that the majority of surveys are generally the number of rice farmers who use superior 

seeds. 

Table III.2.4 Details of micro data (number of rice cultivar samples by island) 

 【2014】 【2016】 【2017】 

Island Hybrid Superior Local Hybrid Superior Local Hybrid Superior Local 

Sumatera 1,263 9,264 5,034 3,341 16,253 508 1,911 13,060 3,767 

Java 1,271 24,710 2,620 2,119 25,809 214 1,902 28,904 1,732 
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 【2014】 【2016】 【2017】 

Island Hybrid Superior Local Hybrid Superior Local Hybrid Superior Local 

Bali/Nusa Tenggara 249 2,347 588 759 3,472 29 329 3,809 499 

Kalimantan 102 1,273 1,285 404 2,202 82 257 2,183 1,118 

Sulawesi 260 2,097 1,542 1,344 5,936 145 763 5,319 1,980 

Maluku-Papua 50 122 237 58 252 2 15 181 38 

Indonesia 3,195 39,813 11,306 8,025 53,924 980 5,177 53,456 9,044 

Source: JICA Study Team summarized the data from SURVEI UBINAN TANAMAN PANGAN 2014, 2016, 2017 (BPS 2014, 2016, 2017) 

 

The fertilizer application amounts are summarized by type (Urea, TSP / SP36, KCL, NPK, Solid 

organic fertilizer, Liquid organic fertilizer). In this analysis, the total input of inorganic fertilizer has 

been used except solid organic fertilizer and liquid organic fertilizer. Among the aggregated data for 

total input of inorganic fertilizer, data for which exceeds 1,000 kg/ha will be excluded as outliers. 

Table III.2.5 shows the quartile range1 of total inorganic fertilizer input by island. Half of the farmers 

are included between the 1st quartile range value (25th Percentile) and the 3rd quartile range value 

(75th Percentile). In the surveyed farmers, the range of fertilization amount differs depending on the 

island, and the amount of fertilization by rice farmers in Java is large in any survey year, while the 

amount of fertilizer application by rice farmers in Kalimantan tends to be small. The average value in 

Indonesia as a whole is almost constant regardless of the survey year, and half of the farmers are 

included in the range of 280 to 600 kg/ha of inorganic fertilizer input. 

Table III.2.5 Details of micro data (quartile range of fertilizer input by island) 

 【2014】 【2016】 【2017】 

 

Island 

Valid 

N 

Percentile Valid 

N 

Percentile Valid 

N 

Percentile 

25th 50th 75th 25th 50th 75th 25th 50th 75th 

Sumatera 14,261 200 350 500 18,711 204 367 526 17,163 208 391 549 

Java 24,561 389 500 659 24,027 400 526 675 27,876 395 519 667 

Bali/Nusa Tenggara 3,001 286 400 500 3,951 286 400 516 4,348 256 400 500 

Kalimantan 2,571 57 200 346 2,602 56 179 303 3,344 75 200 346 

Sulawesi 3,623 200 333 500 6,942 229 366 500 7,485 214 357 500 

Maluku-Papua 398 250 350 450 264 150 300 400 212 121 267 400 

Indonesia 48,415 286 429 595 56,497 279 429 600 60,428 286 438 600 

Note: Percentiles are described with Tukey’s Hinges. 

Source: JICA Study Team summarized the data from SURVEI UBINAN TANAMAN PANGAN 2014, 2016, 2017 (BPS, 2014, 2016, 2017) 

 

(2) Three-Way ANOVA and Post Hoc Test (Simple Main Effects and Multiple Comparisons) 

Since a sufficient number of samples are required to perform analysis of variance (ANOVA), it was 

decided to pool the data sampled for each province by island for statistical analysis and treat the island 

as a blocking factor2. In this statistical analysis, an experimental design for three-way ANOVA is 

aimed at clarifying the difference between irrigation and non-irrigation, the difference between rice 

cultivars, the difference in the amount of fertilizer application, and the interaction between each factor 

(Table III.2.6). The level of each factor is 2 levels for irrigation condition with/without irrigation, 3 

levels for rice cultivars with hybrid seeds, superior seeds and local seeds, and 4 levels for total input 

fertilization rate with less than 280 kg/ha, 280-430 kg/ha, 430-600 kg/ha, and more than 600 kg/ha. In 

addition, it was decided to exclude the yield data as outliers for the data exceeding 12 ton/ha. ANOVA 

and post hoc test (simple main effects and multiple comparison) were conducted using 2017 micro 

data which is the most recent updated data and with a large number of samples. 

Table III.2.6 Experimental design for factorial analysis 

Blocking Factor (Island) Sumatera Java Bali/Nusa Teng Kalimantan Sulawesi Maluku-Papua 

Fixed Factors Fertilizer Fertilizer Fertilizer Fertilizer Fertilizer Fertilizer 

 
1 Quartile range: In descriptive statistics, an indicator that represents the variation in a data set. When the data is arranged in order, the value 

located at 25% from the bottom, the value located at 50%, and the value located at 75% are so called the first quartile, the second quartile and 

the third quartile, respectively. 
2 Blocking factor: A factor used for control to improve the accuracy of the experiment, and the investigator is not interested in the difference 

of the blocking factor itself. 
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Fig. III.2.1 Paddy yield under irrigated and non-irrigated 
conditions (2014, 2016 and 2017) 

Note: Means on the top of bar followed by different letters are significantly 

different, ANOVA, p = 0.05. 

Source: JICA Study Team (2019) 

Land Type Cultivar 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Irrigation Hybrid                         

Sperio                         

Local                         

Rainfed Hybrid                         

Sperio                         

Local                         

Note: Fertilizer amount of 1 is less 280 kg/ha, 2 is from 280-430 kg/ha, 3 is from 430-600 kg/ha and 4 is more than 600 kg/ha 

Source: JICA Study Team (2019) 

 

The ANOVA table is shown in Table III.2.7. As a result of ANOVA, statistically significant differences 

were found in all three factors of irrigation condition, rice cultivars and fertilization. Also, the 

interaction between irrigation and rice cultivars was significant. Based on the result of ANOVA, a 

simple main effect test for rice planting variety under different irrigation conditions and multiple 

comparison test for each factor were conducted as a post hoc test.  

Table III.2.7 ANOVA table (2017) 

Source Type II SS df MS F Sig. 

Island (Block) 8,754.027 5 1,750.805 803.539 .000 

Irrigation (I) 2,432.678 1 2,432.678 1,116.487 .000 

Variety (V) 1,991.415 2 995.708 456.984 .000 

Fertilizer (F) 3,283.345 3 1,094.448 502.301 .000 

I x V 49.937 2 24.968 11.459 .000 

I x F 13.808 3 4.603 2.112 .096 

V x F 23.505 6 3.917 1.798 .095 

I x V x F 17.784 6 2.964 1.360 .226 

Error 131,459.825 60334 2.179   

Total (Corrected) 163,231.363 60,362    

Note: Instead of Type III SS, Types II SS was applied since the sample sizes are different among groups (unbalanced data sets) 

Source: JICA Study Team (2019) 

 

a) Irrigation 

 As a result of ANOVA, it was revealed that the 

paddy yield under irrigation conditions was 

significantly higher than that under non-irrigation 

conditions in the survey year in 2017. The yield under 

irrigation condition is 6.4 ton/ha on average, which is 

about 16% higher than the average yield of 5.5 ton/ha 

under non-irrigation condition. Also, as shown in the 

Figure III.2.1, average paddy yield in the surveys as 

of 2014 and 2016 show the same trend as yield 

obtained in 2017. 

 

b) Quality Seed 

As a result of ANOVA, interaction was observed between irrigation and rice cultivars, so in order to 

clarify the effect of rice cultivars on paddy yield under different irrigation conditions, simple main 

effect test was performed (Table III.2.8). As a result of simple main effect test, significant differences 

were found under both irrigation and non-irrigation conditions. Post hoc multiple comparison 

(Bonferroni test3) was conducted. From the results of the multiple comparison, it became clear that the 

yield response of the cultivar differs under irrigation and non-irrigation conditions (Fig. III.2.2). While 

the yield of superior seeds was significantly higher than that of hybrid seeds under irrigation 

conditions, there was no difference between the yield of superior seeds and hybrid seeds under 

 
3 Bonferroni test: which is one of the multiple comparison tests and type I error can be adjusted by dividing the significance level of the 

whole test by the test number. 

Treatments, Land use x Rice Variety x Fertilizer, are randomly assigned 
experimental units such that each treatment occurs in each block (island) 

Treatments, Land use x Rice Variety x Fertilizer, are randomly assigned 
experimental units such that each treatment occurs in each block (island) 
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Fig. III.2.3 Paddy yield at different fertilization rates 
(2014, 2016 and 2017) 

Note: Means on the top of bar followed by different letters are 

significantly different, ANOVA, p = 0.05. 

Source: JICA Study Team (2019) 

non-irrigated conditions. This indicates that the use of hybrid seeds can be expected to be expressed 

more yield characteristics under non-irrigated conditions than under irrigation conditions.  

Table III.2.8 F test on simple main effect of rice cultivars (2017) 

Source SS df MS F Sig. 

Irrigation Contrast 1,131.071 2 565.536 259.555 .000 

Error 131,459.825 60,334 2.179   

Non-irrigation Contrast 663.651 2 565.536 152.293 .000 

Error 131,459.825 60,334 2.179   

Note: Each F tests the simple effects of Var within each level combination of the other effects shown. These tests are based on 

the linearly independent pairwise comparisons among the estimated marginal means. 

Source: JICA Study Team (2019)  

 

Fig. III.2.2 Paddy yield in different cultivars under irrigation and non-irrigation conditions (2014, 2016 and 

2017) 
Note: Means on the top of bars followed by different letters are significantly different, Bonferroni test, p = 0.05. 

Source: JICA Study Team (2019)  

 

c) Fertilizer Inputs 

From the results of ANOVA, a significant 

difference was found in the amount of 

fertilizer input. Furthermore, a multiple 

comparison (Scheffe's test4) was conducted to 

clarify differences among fertilization levels 

(among four different fertilization amounts). 

From the results of the multiple comparison, it 

was revealed that statistical difference was 

obtained among all the fertilization levels, and 

the higher the fertilization amounts, the higher 

the yield could be obtained. By applying 

fertilizer more than 430 kg/ha, paddy yield 

can reach 6.5 ton/ha on average, and it is 

approximately 22% higher than the average 

yield of 5.3 ton/ha by applying fertilizer less than 280 kg/ha. It is possible to confirm the increase in 

the yield of paddy by the appropriate fertilizer input (Fig. III.2.3). 

 
4 Scheffe’s test: 
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