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Science Behind Rutz Soil Enhancer

The Science Behind Graphene-Based Soil Enhancement
Evidence from Recent Research

Graphene-Enabled Soil Regeneration

Graphene, a two-dimensional carbon nanomaterial with extraordinary surface area and adsorption
capacity, has emerged as a promising soil additive. Studies demonstrate that graphene improves soil
structure, nutrient availability & retention, enzyme activity, and plant metabolism.

1. Enhanced Soil Health (Corn)

e +82% phosphorus, +25% nitrogen, +80% potassium availability to the plant roots compared
with untreated soil.

e +120% increase in water-stable aggregates (greater aeration and erosion resistance).

e Reinforces soil microstructure and aggregation, improving root access to water and nutrients.

e Promotes soil enzyme activity (urease and sucrase) and stabilizes the carbon—nitrogen balance.

Source: Wang et al., Sci. Rep. 13:2650 (2023)
2. Stimulated Plant Growth (Corn)

e Optimal graphene dosage (50 g/kg soil) increased corn height (+27%), leaf area (+34%),
biomass (+24%), and photosynthesis (+51%).

e Boosted chlorophyll content (+25-30%), sucrose synthase, and nitrate reductase activity.

e Produced thicker leaves (+75%) and larger vascular bundles (+37%) for improved nutrient
transport.

e Few-layer graphene yielded stronger seedlings and greater nutrient accumulation.

Source: Wang et al., J. Sci. Food Agric. 104.:1572-1582 (2024)
3. Improved Crop Quality (Mungbean and Mustard)

e Low concentrations of graphene oxide enhanced germination and root elongation in mung bean
(Vigna radiata), improving antioxidant enzyme activities (SOD, CAT, POD) and reducing
oxidative stress for stronger, stress-resilient seedlings.

e Low concentrations of graphene oxide enhanced root growth, leaf formation, and flower bud
number (up to 3x higher in Arabidopsis).

¢ In watermelon, graphene oxide increased fruit perimeter (+5 cm) and sugar content (+15%,
°Brix).

e Indicates graphene’s ability to accelerate flowering, ripening, and yield.

Source: Park et al., Nanomaterials 10:758 (2020), Frontiers in Plant Science, 13:1040037 (2022)
Mechanism of Action

e Large surface area enhances ion exchange and nutrient retention.
e Conductive carbon network stimulates root metabolism and microbial activity.
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¢ Nano-porous structure improves soil aeration and water regulation.
e Balances carbon and nitrogen metabolism for sustained plant growth.

Summary of Scientific Evidence

Independent studies confirm that graphene additions of 2-5% (2550 g/kg) soil:

¢ Enhance soil fertility and structure.

e Increase nutrient uptake efficiency.

¢ Stimulate photosynthesis and biomass accumulation.
e Support sustainable, fertilizer-efficient agriculture.

(Data compiled from peer-reviewed studies; actual outcomes may vary with soil type and crop.)

Science Behind Graphene in Enhancing Soil and Plant Growth
Soil Enhancement Plant Growth

Available Nutrients +25-55% Growth +25-50%
Water-stable aggregates Photosynthesis +25-50%
+120% Enzyme activity +19-40%
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