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Development of environment—friendly direct seeding cultivation
of rice by the functional biodegradable mulching material
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SUMMARY

| . Title

Development of environment-friendly direct seeding cultivation of rice by the functional

biodegradable mulching material

Il . Objective and necessity of R/D

With the emergence of social environmental changes, such as the demand for
environment-friendly agriculture, labor reduction and the establishment of an
internationally competitive rice cultivation industry, direct rice seeding has been
conducted as a pilot study according to the national policy. Labor and material costs
involved in the cultivation of rice, which is the principal Korean food, continue to
increase every year. One of the most serious difficulties in environment-friendly rice
cultivation is weed control, which accounts for a high portion of the total production
cost. Therefore, an environment-friendly direct rice seeding technique must be
established to achieve low production cost and high safety and to ensure
competitive rice production. In this study, functional biodegradable mulching material
production technology and a machine-attached direct rice seeder for biodegradable
mulching material were developed to establish the environment-friendly direct seeding

cultivation technology.

lII. Contents and scope of R/D
A. Development of the biodegradable mulching material and direct seeder and the

establishment of environment-friendly direct rice seeding technology (first year)

o

Effects of the replacement of mulch by diverse biodegradable materials

o

Mulch characteristics according to the mixing ratio of selected biodegradable

materials

o

Rice germination rate and weed control according to mulch

o

Degradation characteristic of organic mulch and the physiochemical changes in

soil according to the addition of organic matter and nitrogen



o Evaluation of biodegradation speed, tensile strength, and elongation according to
mulch film characteristics

o Development of the tension control function of the direct seeder according to
the characteristics of the mulch film

o Development of a six-row direct seeder (working width: 2 m) with a seeding
efficiency of 65 a/hr, a seeding speed of 0.3 ms, and a seeding accuracy of

95%, according to mulch film characteristics

B. Supplemental development of biodegradable mulching material and direct seeder
and distribution of the environment-friendly direct rice seeding technology
(second year)

o Development of efficient biodegradable mulching material production technology

© Labor reduction and production increase

o Evaluation of seeding efficiency and germination rate of the direct seeder with
mulch according to soil conditions

o Development of a six-row direct seeder (working width: 2 m) with a seeding
efficiency of 90 a/hr, seeding speed of 0.4 ms, and seeding accuracy of 95 %,
according to the characteristics of the proper mulch film and soil conditions

o Supplement of the tension control function of the direct seeder according to
characteristics of the proper mulch film and soil conditions

o Compatibility test by applying the technology to different agricultural machines

IV. Result of R/D

A. Development of functional biodegradable mulching material

The functional biodegradable mulching material was developed to prevent
environmental pollution and reduce rice production cost using waste cotton, animal
glue (oxhide), vegetable glue (sea tangle) and mineral (zeolite), which are degraded
by microorganisms. The effects of biodegradable mulching material ingredients on

the tensile strength, air permeability, biodegradation speed and chemical changes

_Vi_



were analyzed. The tensile strength of the biodegradable mulching material sample
8706 , whose waste cotton content is 7% higher than that of the biodegradable
mulching material sample 8013, had a higher tensile strength. However, the air
permeability, which influences the degradability of the biodegradable mulching
material, was higher in 8706 than in 8013. Therefore, it is expected that higher
waste cotton content in biodegradable mulching material increases workability in
terms of physical characteristics, including mulch tear during direct rice seeding.
However, the waste cotton content should be controlled considering the
decomposition rate of biodegradable mulching material. The decomposition speed of
biodegradable mulching material differs according to the field, but generally mulch
was completely degraded in 85-90 days.

The results show that the proper ingredient contents for biodegradable mulching
material are 87% waste cotton, 6% animal glue (oxhide), 5% vegetable glue (sea
tangle), and 2% mineral (zeolite), considering the workability in direct seeding,

decomposition and chemical ingredients.

B. Evaluation of the direct seeding efficiency of biodegradable mulching material

Application of biodegradable mulching materials as a method of environmental
friendly rice cultivation by direct seeding were evaluated for the capacity of weed
control and rice(chucheong) production. Four types of biodegradable materials
classified by color; black, red, blue, and white, respectively were treated with non
mulching condition to investigate biomass production, weed development,
decomposition rate of biodegradable mulching materials, and soil chemical properties.
The biodegradable mulching materials experimented for two years were contained
nutrients showing the range of 0.83%~1.95% for total nitrogen, 0.28%~0.54% for
potassium, and less than 0.1% for phosphorus. Decomposition rate calculated from
percent loss weight of mulching material expressed by weight per unit area(g/cm?)
showed the slowest progression in black color biodegradable mulching material for

two years. From the result, amount of development of weed during the growing
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season in the plot of black mulching material was the least. Consequently fresh
weight, dry weight, panicle weight, and crude grain yield of rice were the best in the
plot of black mulching material, especially showing the significant difference among
the treatments in 2009. As a combination result, it was thought to be possible to
apply the biodegradable mulching material for environmental friendly rice cultivation

by direct seeding.

C. Evaluation of seeder efficiency according to the mulch and agricultural machine

In the research in 2009, as part of the direct seeding technique of paddy that
uses environment-friendly  biodegradable mulching material, an environment-friendly
exclusive direct seeder for biodegradable mulching material [LxWxH:1600mmx2200mm
x1400mm] was developed to address the disadvantages with the use of existing
mulching materials. The average seeding speed of the developed exclusive direct
seeder for biodegradable mulching material was 0.36 ms. Seeding area per hour was
16.9 a, considering one direct seeding and U-turn time. The seeding accuracy of the
developed exclusive direct rice seeder for biodegradable mulching material was very
high, with a missing plant rate of about 3% over the entire field.

In the research in 2010, direct seeder developed for improvement of the direct
seeding speed by the method of put the paddy on biodegradable mulching material
using adhesive(gelatin). The developed direct seeder installed ring support of
biodegradable mulching material, paddy input equipment, zeolite input equipment,
adhesive(gelatin) input equipment, biodegradable mulching material input speed
control equipment and biodegradable mulching material cutting equipment. The
average seeding speed of the developed exclusive direct seeder for biodegradable
mulching material was 0.42 ms. The seeding accuracy of the developed exclusive
direct rice seeder for biodegradable mulching material was very high, with a missing

plant rate of about 3% over the entire field.
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V. Research Results and Application Plan

o A developed biodegradable mulching material with a strong weeding effect can
be applied to all agricultural products, as well as to environment-friendly
agricultural products, including pesticide-free or organic agricultural products, to
improve productivity and reduce rural labor.

© This method can be a practical environment-friendly agricultural technology that
can address the matters of weed control, organic fertilizer effect, and vinyl
product waste, by replacing vinyl products for mulching cultivation.

o Problems with many environment-friendly rice production technologies can be
solved with the use of the new environment-friendly direct rice seeding
technology for high-quality rice production.

© As an environment-friendly crop cultivation technology that uses functional
biodegradable mulching material, this method can be applied to all crops,
including rice and field crops.

© By developing an exclusive direct rice seeder for biodegradable mulching material
that can be attached to all agricultural machines, the environment-friendly crop
cultivation with functional biodegradable mulching material can be applied to

more Crops.
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Photo 2. Biodegradable mulching materials in 2009.
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(a) Sample 8013

(b) Sample 8508

(c) Sample 8706
Photo. 3. Biodegradable mulching materials in 2010.

Table 1 Component of biodegradable mulching materials (Unit; %)
Component
Year Sample No. : :
Waste cotton Animal glue Vegetable glue Zeolite
8013 80 13 5 2
(BM-Blue)
2009
8508 85 8 5 2
(BM-Black)
8211
(BM-White) 82 " 5 2
8310
2010 (BM-Red) 83 10 5 2
8706
87 6 5 2
(BM-Black)
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Fig. 3. Comparison of bursting strength according to biodegradable mulching materials
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(a) April 27, 2009

(b) June 3, 2009

(c) July 25, 2009

Photo. 4. Decomposition rate of biodegradable mulching materials in 2009.
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(a) May 12, 2010

(b) June 18, 2010

(c) August 10, 2010

Photo. 5. Decomposition rate of biodegradable mulching materials in 2010.
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Photo. 11. Height controller of paddy sowing equipment.
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Photo. 12. Guide of biodegradable mulching materials.
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Photo. 19. Direct seeding using biodegradable mulching material in 2009.
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Photo. 20. After direct seeding using biodegradable mulching material in 2009.

Photo. 21. Paddy growth image in 2009.
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Photo. 22. Direct seeding using biodegradable mulching material in 2010.
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Photo. 24. Paddy growth image in 2010.
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Table 2 Chemical properties of biodegradable mulching materials in 2009

T-N P20s5 K20 CaO MgO Na20
Material
g kg™ g kg! g kg™? g kg™ g kg! g kg!
BM-Blackx* 8.25 0.22 4.27 0.87 0.32 1.78
BM-Blue 13.29 0.16 5.37 1.18 0.42 1.30
BM-White 19.54 0.10 5.26 1.59 0.51 1.31

*BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color

BM-White; Biodegradable mulching materials of white color
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Table 3 Chemical properties of biodegradable mulching materials in 2010

Mulching
. T-N P20s5 K20 CaO MgO
material
______________________ g kg‘l______________________
BM-Black=* 8.01 0.70 2.76 0.96 1.08
BM-Red 11.62 041 3.47 1.02 0.98
BM-White 9.06 0.14 4.21 2.02 1.37

*BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color

BM-White ; Biodegradable mulching materials of white color

. FANEY

2009 =9k 2010 = FAIESF] 3FsHd 2 & 49k 5o vErdinkel o

W AE 9 A nad P pHe AW 5.5~6.5 U} 20099% 5.39=2 °F
ZF kot 20109 % HAWY A, F7122 2009d% 6.2 g kg, 20109% 7.8 g kg'e
2 MY 25~308TF A HAJoh FEIAS 200995 28.4 mg kg, 2010d% 16.1
mg kg'o2 AW 80~120 mg/kgRtt IA AU XFAH ZES 20099% 0.19 cmol
kg, 2010% 0.29 cmol, kg" o2 AW 0.25~0.30 cmol, kg” KT} 20099 =0 we 3}
2o Btk 283 X34 ZEH vtavlexE AW 5.0~6.0 cmol. kg7 2 1.5~2.0

cmole kg™ o HIEt A R 5EAE e EdxdoA AEE s

Table 4 Chemical properties of experimental soil in 2009

Exchangeable
Ava. Ava. . _
pH EC OM NOs—-N . Cations(cmolckg CEC
P205 SlOz 1)
1:5 1
( dsm™ %20 me MRk ca Mg TOf
H;0) kg kg kg kg kg
1.5
5.39 0.23 6.2 6.15 28.4 0.2 0.19 9 0.38 5.8




Table 5 Chemical properties of experimental soil in 2010

Exchangeable
Av, Av. :
pH EC T-N OM NOsN NH-N S_(‘; P‘(; Cations CEC
e 25 K Ca Mg
ds 4 e mg @ ——————————- cmole
1:5 % kg!
(1:5) m! ° g Kg e e
573 023 0.053 7.8 3.85 3717 1548 6.1 029 284 0.67 55

2. 2 shApe
H8A) 3744 FFe

st on] WAL

922 3 63 o] 2009 =&

S

skA Aok sEatolvh. E4A
o] 93-70—-54 kg ha'eZ 2010

HA =5
Q1A —Z-Fo] 86—94—9 kg ha'o.

T = ] <

Table 6. Recommendation of fertilizer application by soil test

Year N P20s K20
———————————————— kg ha™t----——--————-——-
2009 93 70 54
2010 86 94 9
TREAL 2
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Table 7. Percent of establishment for direct seeding of rice

Year Treatment Establishment(%)
NM-NF=* 82.5a
NM-CF 80.4a

2009 BM-Black(8508) 77.8a
BM-Blue(8013) 78.2a
BM-White 81.3a
NM-NF 86.2a
NM-CF 84.4a

2010 BM-Black(8706) 82.6a
BM-Red(8310) 83.5a
BM-White(8211) 84.1a

*NM-NF ; Non-mulching materials with no fertilization

NM-CF ; Non-mulching materials with conventional fertilization
BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color
BM-White ; Biodegradable mulching materials of white color
BM-Blue; Biodegradable mulching materials of blue color

**Duncan's multiple range test
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(a) Non-mulching materials with no fertilization(NM-NF)

(b) Non-mulching materials with conventional fertilization(NM-CF)
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(c) Biodegradable mulching materials of black color(BM-Black; Sample 8508)

(d) Biodegradable mulching materials of blue color(BM-Blue; Sample 8013)
Photo. 25. The initial growth and germination of paddy by experimental condition in 2009
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(a) Non-mulching materials with no fertilization(NM-NF)

(b) Non-mulching materials with conventional fertilization(NM-CF)
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(c) Biodegradable mulching materials of black color(BM-Black; Sample 8706)

(d) Biodegradable mulching materials of red color(BM-Red; Sample 8310)

_41_




(e)Biodegradable mulching materials of white color(BM-White; Sample 8211)

Photo. 26. The initial growth and germination of paddy by experimental condition in 2010.
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Table 8. Growth characteristics of rice at the 50th day after seeding in 2009

Fresh weight Dry weight No of leaves Height
Treatment
kg ha™* kg ha™’ ea plant™ cm

NM-NF=* 603a** 144ab 6.37a 58.41a
NM-STF 725a 180a 5.00bc 50.88b
BM-Black 758a 172a 4.73c 58.69a
BM-Blue 641la 128b 5.50b 54.78ab
BM-White 730a 179a 5.07bc 56.23a

*NM-NF; Non-mulching materials with no fertilization
NM-STF; Non-mulching materials with soil test fertilization
BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color
BM-White; Biodegradable mulching materials of white color

**Duncan's multiple test
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Table 9. Biomass of rice crop at the 72nd day after seeding in 2010

Treatment Fresh weight Dry weight
————————————— kg hal-—-——--——-——-
NM-NF=* 3014 a%x* 772a
NM-STF 3180a 833a
BM-Black 6071b 1469b
BM-Red 7159b 1603b
BM-White 7083b 1503b

*NM-NF ; Non-mulching materials with no fertilization
NM-STF ; Non-mulching materials with soil test fertilization
BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color
BM-White ; Biodegradable mulching materials of white color

**Duncan's multiple range test
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Table 10. Nutrients contents and amount of uptake of rice crop after 72nd day in

2010
Nutrient contents Nutrient amount of uptake
P20
T-N P;0Os KO CaO MgO T-N ? K20 CaO MgO
5
———————————————————— % -———————-—-—-——————--- kg
____________________ ha‘l___________________
1.97ab
NM-NEF* . 0.40a 2.18a 0.46a 0.21a 1520a 309a 1686a 358a 163a
2.39a 0.22a
NM-STF 1.67a 0.41a b 0.53a b 1422a 331la 1963a 459ab 182a
BM-Blac 2.41a 0.25a 3244
2.21b 0.38a 0.51a 562b 3537bc 750bc 372b
k b b b
2713
BM-Red 1.71a 0.46b 2.67b 0.45a 0.26b b 741c 4309 714bc 424b
BM-Whit 0.24a 3106
2.08b 0.37a 2.16a 0.53a b b 549b 3226b 806c 368b
e

*NM-NF ; Non-mulching materials with no fertilization

NM-STF ; Non-mulching materials with soil test fertilization

BM-Black ; Biodegradable mulching materials of black color

BM-Red ; Biodegradable mulching materials of red color

BM-White ; Biodegradable mulching materials of white color

**Duncan's multiple range test
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(a) Non-mulching materials with no fertilization(NM-NF)

(b) Non-mulching materials with conventional fertilization(NM-CF)
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(c) Biodegradable mulching materials of black color(BM-Black; Sample 8508)

(d) Biodegradable mulching materials of blue color(BM-Blue; Sample 8013)

Photo. 27. The middle growth of paddy by experimental condition in 2009.
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(a) Non-mulching materials with no fertilization(NM-NF)

(b) Non-mulching materials with conventional fertilization(NM-CF)
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(e) Biodegradable mulching materials of white color(BM-White; Sample 8211)

Photo. 28. The middle growth of paddy by experimental condition in 2010.
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Table 11. Decomposition rate of biodegradable mulching materials during the
growing stage in 2009

Treatment Before 50th day 70th day 90th day

g m > gm? Rate(®) gm? Rate(®) gm? Rate(%)

BM-Black* 61.1 49.9 18.2 24.9 59.2 0.0 100.0
BM-Blue 46.5 31.0 33.4 14.8 68.2 0.0 100.0
BM-White 65.7 43.1 34.4 17.5 73.4 0.0 100.0

*BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color

BM-White; Biodegradable mulching materials of white color
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Table 12. Decomposition rate of biodegradable mulching materials during the

growing stage in 2010
Treatme
; Before 30th DAT 50th DAT 70th DAT 90th DAT
n

-9 g Rate g Rate g Rate g Rate

m

g m? (%) m? (%) m? (%) m? (%)
BM-Blac
s 53.3 51.9 2.6 43.5 18.4 25.4 52.3 0 100
BM-Red 70.0 60.8 13.1 52.2 254 24.7 64.8 0 100
BM-Whi
; 63.7 55.7 12.6 50.7 20.4 24.5 615 0 100
e

*BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color

BM-White ; Biodegradable mulching materials of white color
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Table 13. Development of weed during the growth stage of rice in 2009

Treatment Fresh weight Dry weight Ratio
kg ha™’ kg ha™’ %
NM-NF* 25,666a%x* 6,586a 287.2
NM-STF 14,333ab 2,293ab 100
BM-Black 4,633b 1,233b 53.8
BM-Blue 16,000ab 5,016ab 218.8
BM-White 15,333ab 2,933ab 127.9

*NM-NF; Non-mulching materials with no fertilization
NM-STF; Non-mulching materials with soil test fertilization
BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color
BM-White; Biodegradable mulching materials of white color

**Duncan's multiple test

Table 14. Development of weed during the growth stage of rice crop in 2010

Treatment Fresh weight Dry weight Ratio

kg ha™’ kg ha™’ %
NM-NF* 432,800bc*x* 86,218bc 85.8
NM-STF 686,433c 100,450c¢ 100
BM-Black 90,667a 15,700a 15.6
BM-Red 269,633ab 50,039ab 49.8
BM-White 129,733a 23,651a 23.5

*NM-NF ; Non-mulching materials with no fertilization
NM-STF ; Non-mulching materials with soil test fertilization
BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color
BM-White ; Biodegradable mulching materials of white color

**Duncan's multiple range test
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Table 15. Biomass and yield of rice at the harvest in 2009

Treatment Fresh weight Dry weight Panicle weight Yield
(crude grain)
kg ha™* kg ha™’ kg ha™’ kg ha™’
NM-NF=* 4094 ax* 1627c 1256¢ 821c
NM-STF 6013a 2419bc 2177bc 1377abc
BM-Black 7539a 3347a 3176a 2020a
BM-Blue 7444a 2876ab 2645ab 1685ab
BM-White 5883a 2356bc 2048bc 1216bc

*NM-NF; Non-mulching materials with no fertilization

NM-STF; Non-mulching materials with soil test fertilization
BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color

BM-White; Biodegradable mulching materials of white color

**Duncan's multiple test
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Table 16. Biomass and yield of rice at the harvest in 2010

Treatment Fresh weight Dry weight Panicle weight
—————————————— kg ha™l----—---———---

NM-NF* 2405a 779a 81lla

NM-STF 3436ab 1114ab 1171a

BM-Black 3854b 1243b 1195a

BM-Red 3464ab 1037ab 1046a

BM-White 3849b 1172b 1152a

*NM-NF ; Non-mulching materials with no fertilization

NM-STF ; Non-mulching materials with soil test fertilization

BM-Black ; Biodegradable mulching materials of black color

BM-Red ; Biodegradable mulching materials of red color

BM-White ; Biodegradable mulching materials of white color

**Duncan's multiple range test

Table 17. Nutrients contents of rice at the harvesting stage in 2009

Treatment N P20s5 K20 CaO MgO
% % % % %

NM-NF* 0.72b 0.18a 0.89b 1.36a 0.12a

NM-STF 0.76b 0.16a 0.96ab 1.54a 0.09a

BM-Black 1.03a 0.19a 1.23a 1.86a 0.12a

BM-Blue 0.85b 0.19a 0.98ab 1.28a 0.10a

BM-White 0.76b 0.17a 0.96ab 1.40a 0.90a

*NM-NF; Non-mulching materials with no fertilization
NM-STF; Non-mulching materials with soil test fertilization
BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color
BM-White; Biodegradable mulching materials of white color

**Duncan's multiple test
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Table 18. Nutrients contents and amount of uptake of rice crop at the harvest in
2010

Nutrient contents Nutrient amount of uptake
T-N P:0s KO CaO0O MgO T-N P05 KO CaO MgO
———————————————————— % -———————-—--—--—---—-- kg
____________________ ha =
NM-NF* 0.55a** 0.20ab 2.42a 0.42a 0.1la 430a 153a 1855a 321a 85a
NM-STF 0.67a 0.18a 2.67a 0.60a 0.12a 730b  199ab 2946b 657b  128ab
BM-Black 0.63a 0.28¢c 2.20a 0.40a 0.16a 782b 352¢c 2706b 493ab  197c
BM-Red 0.65a 0.27¢c 2.65a 0.42a 0.154a 675ab  274bc 2750b 438ab  158bc
BM-White 0.56a 0.25bc  2.60a 0.46a 0.17a 651ab 289bc 3017b 535ab  194c

*NM-NF ; Non-mulching materials with no fertilization
NM-STF ; Non-mulching materials with soil test fertilization
BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color
BM-White ; Biodegradable mulching materials of white color

**Duncan's multiple range test
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(a) Non-mulching materials with no fertilization(NM-NF)

(b) Non-mulching materials with conventional fertilization(NM-CF)
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(c) Biodegradable mulching materials of black color(BM-Black; Sample 8508)

(d) Biodegradable mulching materials of blue color(BM-Blue; Sample 8013)
Photo. 29. The image of before harvesting by experimental condition in 2009
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(a) Non-mulching materials with no fertilization(NM-NF)

(b) Non-mulching materials with conventional fertilization(NM-CF)
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(d) Biodegradable mulching materials of red color(BM-Red; Sample 8310)
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(e) Biodegradable mulching materials of white color(BM-White; Sample 8211)

Photo. 30. The image of before harvesting by experimental condition in 2010.
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Table 19. Chemical properties of soils after experiment in 2009

NOs3- Ava. Exchangeable
pH EC OM . e CEC
N P,0s  Cations(cmol kg™)
Treatment
(1:5 dS ! gl mg mg K c M cmole
m a
H,0) §X8 4gl kg £ kg
NM-NF=* 5.94 0.20 11.73 0.49 5.82 0.26 2.71 0.24 5.42
NM-STF 5.92 0.17 12.16 0.49 18.23 0.31 2.48 0.29 5.04
BM-Black 6.05 0.18 11.37 0.51 12.99 0.27 2.68 0.23 5.44
BM-Blue 5.72 0.17 11.85 0.45 13.27 0.28 2.20 0.23 4.94
BM-White 5.57 0.23 10.92 0.49 15.20 0.28 2.50 0.26 5.20

*NM-NF; Non-mulching materials with no fertilization
NM-STF; Non-mulching materials with soil test fertilization
BM-Black; Biodegradable mulching materials of black color
BM-Blue; Biodegradable mulching materials of blue color

BM-White; Biodegradable mulching materials of white color
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Table 20. Chemical properties of soil at the harvest in 2010

Exchangeable
Treatment NOs- NHi- Av. )
pH EC OM Cations CEC

N N POs g Ca Mg

_ g  ——-—-—————- mg - - ———-——-—-————- cmole
(1:5) dS m™* ; ) 3
kg 1 kg S kg T

NM-NF* 573 0.14 12.7 54 8.0 454 0.18 231 0.55 49
NM-STF 5.69 0.11 124 3.9 6.3 588 0.16 225 056 4.9
BM-Black 6.00 0.16 12.8 6.6 3.2 622 019 287 062 5.0
BM-Red 563 0.14 123 54 47 476 020 223 056 4.9
BM-White 5.61 0.14 9.3 6.2 25 404 0.19 222 055 49

*NM-NF ; Non-mulching materials with no fertilization
NM-STF ; Non-mulching materials with soil test fertilization
BM-Black ; Biodegradable mulching materials of black color
BM-Red ; Biodegradable mulching materials of red color

BM-White ; Biodegradable mulching materials of white color
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