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Graphene Covering

Parameters @) o)
pH May 0.03"™ 0.29™ 0.01™ 0.2 9.6
Jul 2.00** 7,64 b 2.88** 0.1 75
Sep 0.07* 0.13* 0.01" 0.0 43
Electrical conductivity May 495.90** 375.25%* 112.80** 45 28
Jul 714.34* 71.76* 1,070.68"* 128 22
Sep 13.66* 20.53" 13977 6.8 17
Organic matter May 0.01** 0.02** 0.04** 0.001 ol
Jul 0.05** 0.01** Q12 0.001 Bl
Sep 0.10** 0.01** 0.08** 0.001 5.1
Available phosphorus » May 2587+ 5.94%% 13.75% 0.0 63
Jul 325.71% 179.69* 227.39% 03 8.0
Sep 77.09% 89.87* 14770 02 6.8
Exchangeable potassium May 264.80** 3656.80** 570.50" 95 52
Jul 404.33** 18.99** 179.98* 6.9 1 51
Sep 416.68** 30591 1163.06™ 8.5 52
Exchangeable calcium May 34,783* 306,015 16,686 496.0 53
Jul 811,438 1,644,832* 765,223 1,441.0 6.8
Sep 118,391** 504,104** 83,601 631.0 55
Exchangeable magnesium » May 670.11** L™ 200.33* 18.7 5.1
Jul 230.42* 1,170.55** 134.89* 18.4 5.0
Sep 613.33** 2,636.56"* 302.52* 1932 51

T1: oil palm frond mulching, T2: oil palm frond mulching amended with graphene, T3: oil palm frond mulching amended with graphene + 15-15-15 chemical fertilizer, T4: oil palm frond
mulching amended with graphene + goat manure. *, ** significantly different at p < 0.05 and 0.01, respectively. ns, not significantly different.
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Soil Treatments Covering

properties

T1 Cover No cover

pH May 56+03 55+02 54+03 55+02 ns 56+03 54+02 ns
Jul 5.4 +0.2ab 5.34 + 0.6ab 5.3 + 0.6b 59+ Lla h 6.0 £ 0.6a 5.0+ 0.3b h
Sep 5.1%02a 49 +02b 4.9 +0.2b 4.9 +0.3b * 5.0 £0.2a 49 +0.2b *

Electrical May 144.7 £ 9.1b 1443 + 4.8b 1634 £7.7a 154.2 + 5.9b h 147.7 + 8.4b 155.6 + 11.0a s

conductivity

(S cm™) Jul 145.7 £ 2.6d 157.3 £ 2.3c 165.0 £ 16.1b 171.0 + 20.7a il 161.5+ 17.7a 158.0 + 13.9b %
Sep 150.9 + 5.6ab 151.7 £ 6.78a 148.1 + 3.8b 150.1 + 4.3ab w0 149.3 £ 4.7 151.1 £ 5.4 ns

Organic May 0.6 +0.2a 0.5+ 0.0b 0.5 +0.0c 0.5 + 0.0b i 0.5+ 0.1b 0.6 £ 0.1a b

matter

(%) Jul 0.7 £0.2b 0.7 + 0.0b 0.6 £0.0c 0.8 £0.2a % 0.7+0.2a 0.7 £ 0.1b i
Sep 0.9 £0.2a 0.7 + 0.1b 0.6 £0.2c 0.6 £ 0.1c h 0.7 + 0.1b 0.7 £0.2a h

Available May 1.4 + 04c 22+02b 6.0 +3.0a 2.1 +0.5b h 34+32a 24+ 0.6b s

phosphorus

(mg kg") Jul 1.3 £0.1d 37 £ 13c 5.0 £ 2.1b 10.8 + 5.3a ok 6.2 £ 5.8a 42 +24b =
Sep 28 +14d 6.8 + 4.4b 9.0 £6.7a 4.2 +2.6c 2% 7.1 £5.0a 4.3 + 4.0b =

Exchangeable May 50.7 + 2.8¢ 66.6 + 20.2a 58.7 + 14.1b 61.7 + 22.2ab ket 47.1 + 445b 71.8 + 14.9a =X

potassium

(mg kg") Jul 40.8 +3.2¢ 60.6 + 8.3a 523 + 8.0b 53.8 + 3.6b *® 49.5 + 6.1b 542 + 11.5a "
Sep 50.9 + 11.8¢ 67.1 + 24.9a 589 +2.9b 48.8 + 53¢ o 52.6 + 8.8b 60.3 + 19.1a =

Exchangeable May 349.7 £ 51.2¢ 4228 + 150.2b 528.1 + 115.7a 391.8 + 185.0b h 536.0 + 93.8a 3103 + 77.2b h

calcium

(mg kg") Jul 284.4 + 25.0d 529.6 + 220.0b 330.3 + 96.4c 635.4 + 362.1a h 594.2 + 284.8a 295.6 + 35.7b e
Sep 607.1 + 287.67a 268.8 + 22.5d 449.1 £ 162.0c 491.8 + 208.6b e 599.1 + 235.2a 309.2 + 26.7b =

Exchangeable May 93.7 £ 14.5a 87.7 £ 12.7a 90.7 + 6.4a 70.1 + 3.1b % 78.4 +7.1b 927 + 14.7a il

magnesium

(mgkg™) Jul 87.5 £ 11.0ab 91.8 + 14.3a 77.1 £5.0¢ 84.1 + 4.8bc *E 78.1 + 4.4b 92.1 + 10.3a kil
Sep 93.3 + 21.6a 74.7 £ 13.7¢ 954 £ 5.1a 82.5+ 9.5b i 75.8 + 12.1b 96.7 + 11.4a ki

T1: oil palm frond mulching, T2: oil palm frond mulching amended with graphene, T3: oil palm frond mulching amended with graphene + 15-15-15 chemical fertilizer, T4: oil palm frond
mulching amended with graphene + goat manure. *, ** significantly different at p < 0.0, respectively. ns, not significantly different.
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Cover condition (%)

Treatment Average
Cover No cover
Tl 32.1 28.8 30.5
T2 32,0 287 30.4
T3 32.1 253 28.7
T4 28.6 275 28.1
Average 31.2 27.6 29.4

T1: oil palm frond mulching, T2: oil palm frond mulching amended with graphene, T3: oil
palm frond mulching amended with graphene + 15-15-15 chemical fertilizer, T4: oil palm
frond mulching amended with graphene + goat manure.
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Year of trial

Treatments

VAO1

2022

Control, Re-Gen

BHO1

2022

Control, Re-Gen

VA04

2022;
2023

Control, Re-Gen;
Control,

Re-Gen - Ist year,
Re-Gen - 2nd year

LA

2022;
2023

Control, Re-Gen;
Control,

Re-Gen - Ist year,
Re-Gen - 2nd year

Treatment plot size 0.1 ha 0.1 ha 0.1 ha; 0.1 ha;

0.4 ha 0.4 ha
Treatment date 5/18/2022 5/18/2022 5/18/2022; 5/22/2023 5/18/2022; 5/22/2023
Planting date 5/25/2022 5/25/2022 5/27/2022; 5/27/2022;

6/8/2023 6/6/2023

Harvest date

Soil type

VAO1, BHO1, VA05, and LAO5 are field names as ascribed by the USDA.

10/6-8/2022

Covington, Nellis,
Panton, Vergennes

10/6-8/2022

Covington,
Panton, Vergennes

10/6-8/2022;
10/2-7/2023

Amenia, Nellis,
Covington, Panton

10/6-8/2022;
10/2-7/2023

Adams, Melrose
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September

2022
Precipitation (cm) 391 7.70 6.35 7.87 1249 6.02
Average Temperature 14.9 17.8 217 21.8 152 8.7
C)
Total Growing 2183
Degree Days
September  October
2023 2023
Precipitation (cm) 6.32 11.10 2545 16.84 7.98 M
Average Temperature 127 17.7: 23 19.1 16.9 122
Q)
Total Growing 2076
Degree Days

Data generated based on Cornwall, VT weather station. “M” indicates that precipitation data for the month of October 2023 were not available. Growing Degree Days were calculated with a 30/
10°C (86/50°F) base.
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Re-Gen: Re-Gen: Re-Gen: Re-Gen:

Parameter 1st year 2nd year 1st year 2nd year

pH 5.5-6.5 6.3 6.7 6.6 7.8 7.6 7.8

Organic

Matter % 5-8% 19 24 24 4.6 6.2 4.1

L I |

Nitrate-N

(mg/kg) 20-30 13.0 8.0 12.0 10.0 32.0 15.0

Phosphorus

(kg/ha) 11.2-44.8 14.2 193 148 334 56.3 54.5

Potassium

(% Sat) 2.8-4.0 2.1 23 23 24 3.6 20

Calcium (%) 60-80 85.1 85.3 81.8 79.6 74.5 82.8

Magnesium

(%) 10-20 12.8 124 16.0 18.0 219 152
|

Sulfur (mg/kg) >15 7.0 6.0 8.0 16.0 20.0 11.0
|

Boron (mg/kg) 0.5-1.2 0.3 0.4 04 13 15 14
|

Copper

(mg/kg) 0.25-0.60 0.4 0.3 0.4 0.3 0.3 0.3

Iron (mg/kg) 6-10 34 2.5 2.8 38 4.2 28

Manganese

(mg/kg) 4-8 4.3 39 4.8 13.0 110 10.0

Zinc (mg/kg) 12 0.9 09 1.0 14 20 16

*Optimal levels provided by Maine Soil Testing Service.
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VA-04

Sufficiency
Parameter Levels* Control Control

Nitrogen (%) 2.75-3.00 337 324 3.40 137 2.60 244
Phosphorus

(%) 0.25-0.50 0.48 0.36 0.39 030 0.39 0.53
Potassium (%) 17-25 L10 141 124 159 1.40 173
Calcium (%) 0.20-1.00 0.85 0.77 0.89 0.70 0.67 0.70
Magnesium

(%) 0.20-0.60 0.32 0.26 0.29 0.19 0.24 0.17
Manganese

(mg/kg) 20-150 68 37 45 56 48 43
Iron (mg/kg) 20-250 339.0 1683 205.0 126.6 147.8 125.6
Copper

(mg/kg) 6-20 15.36 11.57 14.12 542 10.47 9.92
Boron (mg/kg) 4-25 4.8 4.6 5.6 3.1 2.5 49
Zinc (mg/kg) 20-70 289 205 24 85 18.9 144
Sulfur (%) 0.20-0.50 0.22 0.20 0.23 0.11 0.17 0.16

*Sufficiency levels for silking provided by Cornell University Cooperative Extension.
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