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Abstract: Newly cleared land is dominated by low soil fertility problems. It is necessary to provide soil amendments 

to increase soil fertility and yield potential in new cleared land. The study was conducted with a factorial randomized 

block design with 3 replications. Soil amendments with three levels of biochar and manure 20 t ha-1 and no 

amendments, while the rice lines tested were 6 lines. The results showed positive and negative correlations between 

morpho agronomic parameters and nutrient uptake of rice in newly cleared land after being given soil amendments. 

K uptake in rice is closely related to yield potential and plant height. Grain weight is closely related to the harvest 

index. Knowing the correlation between parameters can be a reference in determining appropriate agronomic 

technique to increase rice production in newly rice field. 
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I. Introduction  
The increase in world population must be matched by an increase in food production. In 2050 it is estimated 

to reach 8.9 M people [1]. World food must increase by 60%. Newly paddy fields continues to be carried out to 

increase food production. Rice planting in newly opened land, Inhibited by low soil fertility. This is because in general 

the newly opened land has a low organic matter content, so that it has not been able to hold organic matter optimally. 

[2] newly opened rice fields have several problems such as low nutrient uptake, organic matter, water shortages, 

inappropriate fertilization management and poor farmer skills. 

Increasing soil fertility in newly cleared land for food cultivation is carried out by applying organic soil 

amendments such as green manure, guano, biochar and manure. The last two soil amendments are easier to obtain and 

are available in abundant quantities, so they can be used as soil amendments without causing problems with their 

availability in a sustainable agriculture. Compost is organic material (organic waste) that has undergone a weathering 

process due to interactions between microorganisms (decomposing bacteria) working in it. Compost can increase the 

availability of nutrients in the soil, especially nutrients that are soluble in weak acids or because of the nature of the 

chelating properties. In addition to compost, adding microbes to the planting medium can increase physical and 

chemical biological fertility [3]. 

Biochar as a soil amendment has properties to improve soil porosity, soil health, soil specific gravity and 

cation exchange capacity. Meanwhile, manure as a soil amendment besides being able to improve chemical fertility, 

can also improve soil biological fertility. Several studies have shown the advantages and disadvantages of biochar and 

manure as soil amendments. Biochar is an activated carbon that can improve soil porosity, water availability, and 

nutrient availability. Biochar has a larger surface area so it can reduce the specific gravity of the soil [4]. Biochar not 

only increases soil water content but also absorbs excess Na+ thereby increasing plant nutrient status [5]. Biochar can 

be made from raw materials, in the form of agricultural waste such as rice husks, coconut shells, cocoa shells and so 

on [6]. The organic components of biochar have a high carbon content and the inorganic components contain minerals, 

such as Ca, Mg, K, and inorganic carbonates (carbonate ions), depending on the type of raw material [7].  

Soil that has biochar residues is a good planting medium because biochar has pores that can store nutrients 

available when plants need them [8]. Based on the research results of [9] application of biochar resulted in the highest 

efficiency of plant water use, 0.77 g mm-1 compared to without the addition of biochar which was only capable of 

water efficiency of 0.43 g/mm. [10] states that water available in the soil is more available with the application of 
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biochar, so as to increase the efficiency of water use by plants. Biochar can increase soil fertility. Biochar is an 

activated carbon that can improve soil porosity, water availability, and nutrient availability. The addition of biochar 

is used because it can improve the physical, chemical and biological properties of the soil [11]. Biochar can be used 

as a soil enhancer for soil fertility [12]. 

The role of manure and biochar in improving soil fertility has been widely studied. Manure 15-20 t ha-1 can 

minimize 15% of inorganic fertilizer [13]. Manure can increase crop yields during the 10 WAP drought period [14]. 

Soil amendments can increase NPK uptake [15]. Rice yields are affected by manure and the effects of inorganic 

fertilizers [16]. Efficiency of K uptake by manure doses [17]. Manure residues affect soil N [18]. Other soil 

amendments such as biochar can affect soil fertility by changing physical and chemical properties and increasing soil 

function and crop yields [19]. Giving 20 t ha-1 of biochar can increase plant height, number of panicles and dry weight 

of rice straw in clumps [19]. Goat manure and varieties have an effect on the agronomic character of rice [20]. It is 

important to know the changes in agronomic morpho parameters and nutrient uptake of rice, after applying soil 

amendments to several lines studied to be a reference in determining the appropriate agronomic technique, according 

to the correlation between parameters for newly opened paddy fields. 

 

II. Methodology  
The research was conducted in Bueng Tujoh (5o.50'5'14"N 95o47'67'36" E), Atong village, Montasik sub-

district, Aceh Besar district on community paddy fields opened in 2019. The research was carried out during the 

planting season from August to December 2021. 

 

Tools and materials: The materials used were 6 rice lines namely: (1) Inpari 42, (2) C3, (3) TG IRBB 27, (4) 15 E 

1009, (5) F1 (C4 x KH), and (6) (Sigupai ) F2; NPK fertilizer, SP36 urea fertilizer, and KCl as well as materials for 

NPK absorption analysis. While the tools used are soil processing machines (tractors), tape measure, seed counter, 

label boards, label paper, labeled bags, spectrophotometers, and NPK uptake with wet ashing method. 

 

Study design : This study used a 3x6 factorial randomized block design with 3 replications. There were 18 treatment 

combinations with 54 experimental plots. The main factors are three levels of soil amendment consisting of A 0 without 

soil amendments, A 1 using biochar (20 t ha -1 or 4.8 kg plot -1 ), and A 2 using manure (20 t ha -1 or 4 ,8 kg plot -1 ). The 

second factor was the rice lines which consisted of 6 lines: L1 (Inpari 42), L2 (C3), L 3 (TG IRBB 27), L 4 (15 E 1009), 

L 5 (F1 C4 x KH) , and L 6 (Sigupai). 

 

Research Implementation 

Seed nursery  
Seeds from 6 rice lines were soaked in water for 24 hours then drained and incubated in the seeds in the 

germinator for 2x24 hours. After the seed shown the roots, they are down in the nursery. Nursery beds are made a week 

before sowing the seeds. Using a 1.5x5 meter nursery bed. After sowing the seeds, urea, SP36, and KCl fertilization were 

also carried out, 5 grams per square meter each. The beds are kept in a state of water saturation until they are 3 weeks 

old. 

 

Pull out of rice seedlings  
Rice seeds are pulled out at the age of 3 weeks after sowing (WAS). The seedlings were pulled out when the 

nursery bed was flooded. 

 

Planting plots 

Planting plots were prepared a month before planting together with making a nursery. The beds are made 

measuring 1.2 x 2 meters with 54 plots. The beds are turned over the soil 2 times, the first time with a short plow, the 

second with a rotary plow, and left for 2 weeks. The beds that have been turned over 2 times are immediately given 4.8 

kg plot-1 or 20 t ha-1 . Of soil amendment plot-1 by sowing evenly on the surface and then turning the soil over until the 

soil conditioner is evenly distributed over the plot to a depth of 20 cm. At the time of planting, the rice fields were flooded 

with water and harrowed until they became muddy. Planting is done with a spacing of 20 x 20 cm. 

 

Planting rice lines 
Line sowing was carried out in experimental beds by planting 3 weeks old lines. Spacing of 20 x 20 cm, there 

are 60 plant plots-1 measuring 100 cm x 120 cm. 
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Maintenance 

Maintenance is carried out by fertilizing, controlling pests and diseases, weeds, and managing water according 

to the growth phase of the rice plant. Fertilization is done at the age of 0.30 and 45 HST by providing basic fertilizer. 

Basic fertilizer in the form of NPK 900 kg ha-1 at planting and 150 kg urea per hectare at planting plus SP 36 200 kg ha-

1 and KCl 100 ha-1 . Follow-up fertilization 1 and 2 in the form of Urea 150 kg ha-1 at the age of 30 and 45 HST. 

Maintenance is carried out by keeping the condition of the water in the land to meet the needs of the rice plant. Weed 

control is done manually. Disease control is carried out using pesticides. 

 

Parameters 

Plant height (cm) 

Plant height was observed at 6 WAP and harvest  [21]. 

 

A number of leaves 

The number of leaves was observed at the age of 6 MST and harvest [21]. 

 

A number of tillers 

The number of tillers was observed at the age of 6 MST and harvested by counting the number of tillers 

emerging from the main stem [21]. 

 

Biomass fresh weight (g)  

 Biomass fresh weight was observed by weighing all parts of the plant in each sample plant at harvest which 

had been cleaned of any adhering soil [21]. 

 

Biomass dry weight (g) 

Dry weight was observed by weighing all parts of the plant used in each sample in a dry state which had been 

sun-dried for 14 days in a greenhouse [21]. 

 

Root dry weight (g) 

The dry weight of the roots was observed by weighing them after obtaining a constant moisture content, namely 

after the roots were dried by drying them in a greenhouse for 14 days [21]. 

 

Shoot dry weight (g) 

Shoot dry weight was carried out by drying in a greenhouse for 14 days then after being constant weight. it was 

weighed with a digital scale and expressed in g hill-1 [22]. 

 

Root shoot ratio  

The root shoot ratio was obtained by comparing the root dry weight and shoot dry weight [22]. 

 

Weight filled grain (g) 

The weight of the filled grain, 13% water contains after oven for 3x24 at for 40 0 C. The weight is determined 

by weighing the filled grain with an analytical balance [21]. 

 

1000 grain weight  

The weight of 1000 grains is calculated by weighing 100 grains then dividing by 100 and the result is multiplied 

by 1000 (Hanafi et al., 2018) 

 

Productivity (t ha-1 ) 

The productivity of t ha-1 was observed by converting the weight of filled grain at meter square of net plot than 

multiplied by 10000 [21]. 

 

Harvest index 

Determined by grain weight hill -1 divided by shoot weight [21]. 
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Nutrient uptake of N, P, and K in the shoot  

NPK nutrient uptake was carried out on a dry shoot using a wet ashing method using sulfuric acid and hydrogen 

peroxide extraction. The analysis was carried out at BPPT Aceh Province. Absorption is calculated in %. 

 

Data analysis 

The data obtained were analyzed using ANOVA (Analysis of Variance). then proceed with the pearson 

correlation using SPSS version 26. 

 

III. Result And Discution 
The correlation between rice morpho agronomic parameters due to the application of soil amendments and 6 

rice lines can be seen in table 1 below.  

 

Table 1. Relationship between rice morpho agronomic and nutrients uptake parameters due to 

application of soil amendments of 6 rice lines 

Correlations Parameters 

  
X

1 
X2 X3 X4 X5 X6 X7 X8 X9 

X1

0 
X11 

X1

2 
X13 X14 X15 

X1

6 

X1

7 
X18 

X1 1 -

.649
** 

-

.50
5* 

-

0.0
65 

-

0.2
27 

-

0.1
91 

-

0.0
07 

-

0.24
6 

-

0.3
58 

-

0.1
78 

-

0.43
3 

0.3

96 

.968

** 

.523

* 

1,000

** 

0.0

84 

-

0.1
04 

.587

* 

X2  1 0.4

43 

-

0.0
44 

0.2

82 

0.3

10 

-

0.2
37 

0.17

2 

0.1

38 

-

0.0
44 

0.28

1 

-

0.3
03 

-

.521
* 

-

0.40
1 

-

.649*
* 

0.1

47 

0.1

86 

-

0.27
4 

X3   1 -

0.1

69 

-

0.0

10 

0.3

22 

-

0.2

33 

0.07

7 

-

0.0

06 

0.4

28 

0.10

0 

-

0.3

34 

-

0.46

7 

-

0.45

1 

-

.505* 

0.0

51 

-

0.4

22 

-

0.46

0 

X4    1 -

0.1

28 

-

0.1

26 

0.0

64 

0.11

7 

0.1

53 

0.3

68 

-

0.12

3 

-

0.2

55 

-

0.04

1 

-

0.36

8 

-

0.065 

0.2

55 

-

0.0

67 

-

0.33

0 

X5     1 0.1
21 

0.2
70 

.862
** 

0.3
37 

-
0.0

11 

0.37
7 

0.1
49 

-
0.20

3 

0.10
1 

-
0.227 

-
0.0

33 

0.3
93 

-
0.00

9 

X6      1 -
0.0

66 

0.23
4 

0.1
15 

0.1
61 

0.33
7 

-
0.2

78 

-
0.16

4 

-
0.34

3 

-
0.191 

0.4
23 

-
0.3

26 

-
0.24

3 

X7       1 0.32

0 

-

0.0
53 

0.0

19 

-

0.05
3 

-

0.0
72 

-

0.06
6 

0.01

9 

-

0.007 

0.2

44 

0.3

65 

0.08

0 

X8        1 0.4

03 

0.0

34 

0.46

6 

0.0

47 

-

0.24
5 

-

0.02
4 

-

0.246 

0.1

25 

0.1

51 

-
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5 

X9         1 0.1

65 
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** 

-

0.2

73 

-
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3 

-
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3 

-

0.358 

-

0.1

96 

0.1

48 

-

0.23

5 

X1

0 

         1 -

0.15

9 

-

0.3

07 

-

0.14

0 

-

0.42

1 

-

0.178 

0.1

05 

-

0.1

56 

-
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5 

X1
1 
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0.2

58 

-
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* 

-
0.33

1 

-
0.433 

-
0.1

13 

0.0
29 

-
0.28

1 

X1
2 

           1 0.37
5 

.948
** 

0.396 -
0.1

71 

0.0
28 

0.26
5 

X1
3 

            1 .500
* 

.968*
* 

0.1
59 

-
0.0

45 

.610
** 

X1

4 

             1 .523* -

0.1
48 

0.1

60 
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2 
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5 

              1 0.0

84 

-
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04 
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X1

6 

               1 -

0.1

54 

-

0.37

8 

X1

7 

                1 0.40

8 

X1

8 

                 1 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Note : X1=Plant Height 6 WAP, X1=Plant Height at Harvest, X1=biomass fresh Weight, X1= biomass dry Weight, 

number of tiller at 6 WAP, number of tiller at harvest, Number of leaves hill-1, Number of Panicles, Root Weight, 

shoot Weight, Root shoot Ratio, Grain weight hill-1, Weight of 1000 grains, Harvest Index, Yield Potential, 

Nitrogen Uptake in shoot, Phosphate Uptake in shoot, and Potassium Uptake in shoot. 

 

Plant Height 6 MST negatively related to Plant Height at Harvest r =-0.649, biomass fresh Weight r =-0.505. 

However, it is positively related to the weight of 1000 grains r = 0.968, harvest index r = 0.523, yield potential r = 

1.00, and potassium uptake at shoot r = 0.587. This indicates that the taller the 6-week-old plant when it reaches the 

maximum vegetatife phase, the higher the harvest index and 1000 grain weight as well as yield potential and Potassium 

absorption. This is because optimal plant growth is obtained from optimal Potassium uptake which affects 

transpiration and photosynthesis. This is also related to assimilates produced during plant growth and development 

which are stored in plant tissue and those produced in flag leaf translocated grain. So that the weight of 1000 grains 

becomes optimal. The weight of 1000 grains also shows the condition of the plants that get enough nutrients and water. 

This is in line with the results of [18], [24] states that the biomass fresh weight of plants is affected by plant height 

and leaf area, the higher the plant and leaf area, the biomass fresh weight will increase. 

Plant height at harvest is negatively related to the weight of 1000 grains r = -0.521, and Yield Potential r = 

-0.649. the height of the plant at harvest is higher, the potential and weight of 1000 grains decreases, this is because 

if the plant is too tall, the number of tillers decreases and the panicles decrease which causes the yield potential to 

decrease. Also, the higher the plant, the distribution of asmylate to the grain decreases. So that the weight of 1000 

grains decreases. This can be seen in tall rice with long internodes weighing 1000 grains which are small because 

the assimilate is not completely translocated to the grain. 

Biomass fresh Weight is negatively related to Yield Potential r = -0.505. Biomass fresh  weight has a 

negative relationship with yield potential, the higher the biomass fresh weight, the lower the yield potential. Because 

the biomass fresh weight is dominated by the vegetative parts and only a few yield organs or grain. This is also 

shown by the tall rice. So in certain circumstances it is necessary to shorten the internodes, So that assimilate is more 

widely distributed in the grain. This is in line with According to [25] rice husk biochar is an alternative soil 

amendment material, capable of increasing soil pH, C organic, and available P, as well as optimizing plant growth 

and production. [26] stated that rice husk biochar can improve soil physical properties; such as increasing cation 

exchange capacity (CEC) and soil organic matter. This causes an increase in plant height growth. According to [27] 

application of biochar can increase the availability of N nutrients for plants. More and more accumulation of organic 

carbon in the soil is also able to increase the availability of N for plants. So that it can increase the height of rice. 

Nutrients have a good effect on growth by increasing plant height, biomass fresh weight and biomass dry weight 

(roots, stems, leaves and number of lateral roots), besides that compost can  also improve soil structure and aeration 

[28]. According to [29] the addition of nutrients in the soil can increase the wetness of the soil. [30] also stated that 

compost can improve soil physical properties such as improving aeration, being able to hold water and stimulating 

granulation. [31] stated that an increase in soil pH due to the application of biochar and compost resulted in more 

macro nutrients being available. 

6 weeks old tillers positively related to the number of panicles r = 0.862. the more the number of tillers, the 

more the number of panicles, because 90% of the tillers are generally panicles. [32] shows that the combination of 

compost and biochar can add nitrogen to the soil and can also accelerate plant growth. productivity and the number 

of grains panicle-1, as well as grain production plot-1 are affected by the application of organic fertilizers according 

to [33] states that the increasing number of tiller and panicle. Root dry Weight is positively related to Root shoot 

Ratio r = 0.874. The higher the root weight, the higher the root shoot ratio. This indicates that the roots are developing 

optimally or there is an environmental stress such as drought which causes the roots to grow deeper in drought 

condition. So that more assimilate is translocated to the roots. This results in higher root weight and increased root 

shoot ratio. This is in line with the statement of [7] that biochar encourages mechanisms that play a role in increasing 

plant growth and nutrients. The application of biochar can increase the N content in the soil, one of the benefits of N 
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for plants is to stimulate plant vegetative growth, such as stems, leaves and roots. According to [34] rice husk biochar 

can improve soil and increase crop productivity. Besides that, the addition of biochar in the soil can also increase the 

availability of nutrients in plants. With the availability of nutrients in the soil, plant roots can increase nutrient uptake. 

According to [35], N will be associated with the formation of chlorophyll in the leaves. So that it will increase the 

process of photosynthesis and stimulate the growth of the number of leaves in plants. The application of compost 

added with biological fertilizers can also increase the population of nitrogen fixing bacteria (N) and phosphate 

solubilizing bacteria in the soil [36]. 

The weight of grain per hill is positively related to the harvest index r = 0.94. Then the heavier the grain of 

the hill-1, the higher the harvest index. Because the harvest index is the ratio between the weight of the grain and the 

weight of the shoot. It also shows the optimization of photosynthesis in the reproductive and maturation phases. 

Based on research by [37] husk biochar can increase chlorophyll content. This will increase the assimilate of the 

process of photosynthesis which is used for plant growth and development [38]. The weight of 1000 grains is 

positively related to yield potential r = 0.968, Potassium uptake at shoot r = 0.610. This is because the heavier the 

1000 grains, the higher the yield potential because it is indicated by optimally developed grains due to sufficient 

carbohydrates formed from assimilate which are supported by optimal nutrient uptake of Potassium. Because 

Potassium is a catalyst for 60 kinds of enzymes, especially enzymes that help synthesize carbohydrates. This is in 

line with [39], stated that the application of compost has a positive effect in reducing the problem of Al poisoning in 

marginal soils and increasing the uptake of nutrients N, P, and K. The application of compost also adds soil organic 

matter thereby increasing the cation exchange capacity of the soil and influencing nutrient uptake by plants, even 

though the soil in acidic pH state. The role of organic matter does not only play a role in providing plant nutrients, 

but is more important in improving the physical, chemical and biological properties of the soil [40]. 

The harvest index is positively related to yield potential r = 0.52. the higher the harvest index, the higher 

the yield potential because the harvest index is the ratio of grains weight to shoot dry weight. So the heavier the 

grains produced in one hill, the higher the harvest index. This is in line with the results of the study [41] [42]. Yield 

potential is positively related to potassium uptake at shoot r = 0.587. This is because potassium is an enzyme catalyst 

for the formation of carbohydrates. So the higher the absorption of potassium, carbohydrates that are formed higher, 

the more translocated to the grain. So that the weight of the grain increases. This is in line with the results of the 

study of [43] said the addition of organic matter, especially compost, can increase the capacity of soil to hold water 

under a water deficit. Based on the results of research conducted by [44] that applying compost to corn plants as 

much as 7.5 to 15 tons ha -1 can increase the growth and production of corn. 

 

IV. Conclusion  
In newly opened rice fields that are given biochar soil amendments and manure can change the correlation 

between growth parameters of nutrient uptake. Higher Potassium absorption, can increase assimilate which can be 

transferred to plant tissues and yield organs. So that the yield potential increases. While the correlation between 

morphos agronomic parameters, in the form of biomass fresh weight is negatively correlated with yield potential, 

which indicates an imbalance between the sink and source parts of the plant. Plants that are balanced between sink 

and source have a balanced number of tiller. So that the yield potential increases because a lot of assimilate is 

translocated to the grains. The weight of the grains hill-1 and the weight of 1000 grains determines the yield potential 

of the plant. It also shows the optimality of the plant in obtaining a suitable growing environment. So that carbon 

accumulation is also balanced between the vegetative and generative parts. Knowing the correlation between morpho 

agronomic parameters and nutrient uptake of rice in newly cleared land can be used as a reference in selecting 

appropriate agronomic technique in newly paddy field to encrease rise yield in sustainable agriculture. 
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