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1 Composition of nutrient solution

Commercial hydroponic nutrient solution (FloraDuo A and B, General Hydroponics, Santa Rosa, CA) derived from Am-

monium Nitrate, Calcium Nitrate, Magnesium Nitrate, Magnesium Sulfate, Monopotassium Phosphate, Potassium Nitrate,

Potassium Sulfate, Sodium Molybdate was diluted accordingly for nutrient application. A detailed description of chemical

composition can be obtained from the company website.5

2 Canopy NDVI and nitrogen content

NDVI was calculated based on the hyperspectral reflectance of plant leaves harvested on day of 139 to 141 after transplantation

using equation 1.

NDVI =
R800 −R670

R800 + R670
(1)

where R670 and R800, i.e. reflectance intensity at 670 and 800nm, represent leaf reflectance at red and near-infrared area. NDVI10

index across the canopy was shown in Figure 2 (a-c).

Plant leaves and stems along the canopy were divided into subsections for nitrogen (N) content analysis (Figure 2 (d-f)). We

calculated total N mass by integrating subsection N content to their dry masses. We further corrected total N uptake, i.e. net N

uptake, by subtracting initial N mass, which was estimated from the following equation:

N0 = m0 · f ·CN (2)15

where m0, f and CN represent initial fresh mass, final dry mass and N content of plant tissues.

Mature leaf samples (i.e. single leaflets of the 3rd to 6th leaves from the growing tip) were further selected for NDVI and

N content comparison at the whole-plant scale as suggested by Kalra (1998). We used Welch’s ANOVA test Welch (1947) to

compare NDVI and N content across treatments. No statistical significance was observed (p > 0.05; Table A1).
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3 Comparison of root distribution20

The distribution of root mass within the top, middle, and bottom (0-8, 8-18, 18-26cm) depth intervals were compared using

a two-way ANOVA test and Games-Howell posthoc test for multiple comparisons Games and Howell (1976). The results of

mean ± standard deviation along with significant letters were shown in Table A2.

4 Soil water retention characteristics

The relationship between measurements of soil water content and water potential were fitted and modeled based on Brooks25

Corey’s water retention function shown below Brooks and Corey (1966, 1964):

Θ =
θ− θr
θs− θr

(3)

Θ =

(ψ/ψb)
λ if ψ ≤ ψb

1 otherwise
(4)

where Θ and ψ are relative water saturation [−] and soil water potential [kPa]); ψb is soil water potential [kPa] at the air-entry

point; θ, θr and θs are actual, residual and saturated volumetric water content [v/v].30

5 Calculation of the magnitude of hydraulic redistribution

The HR magnitude is calculated as the difference in soil water storage between the daily minimum of earlier days and daily

maximum of subsequent days Meinzer et al. (2004). Specifically, we selected results from day of 54 to 138 after transplantation,

when HR consistently occurred (except one sensor starting from day of 60 after transplantation). Five out of the six sensors

perform according to specification, and thus results from those sensors were used. The rhizosphere water potential was first35

converted to water content [v/v] using the soil water retention curves mentioned above. We then scaled it to an equivalent soil

moisture depth in the 50mm soil intervals where maximum root density was observed. After that, we calculated daily water

outflow [mm day−1] by subtracting daily minimum water storage from the subsequent daily maximum storage. The time of

the HR occurred was assigned to the date of the nighttime, where the maximum water potential was observed. The mean soil

water potential in Figure 4 was calculated between noon of previous days and days of HR occurred.40
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Figure 1. Picture of experimental setup (top) and summary of irrigation pattern across treatments (bottom). The height of the bars indicates

the proportion of total water and nutrient application during the five-month growth cycle.
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Figure 2. NDVI and nitrogen content of stem and leaf as a function of normalized plant height in treatment D (a, d), C1 (b, e) and C2 (c, f).
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Figure 3. Long-term temporal changes in volumetric water content in different compartments of treatment D (a), C1 (b) and C2 (c).
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Figure 4. Water retention as a function of water potential derived from independent soil characterization. The relationship between water

saturation and water potential is fitted with Brooks Corey’s model using a solid line.
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Figure 5. Wetting schemes (a) and temporal changes in water potential (b) in the "Dry" compartment of treatment D and C1; temporal

changes in water content (c) and rhizosphere wetting (d) converted using water retention curves from day 4 to 149 after transplantation.
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Figure 6. Confocal microscopic image of extensive fluorescent organic coating (depicted in green) on the surface of the sand particles inside

the rhizosheath in the "Dry" compartment of treatment D.
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Table 1. Brooks Corey’s model parameters

θr(v/v) θs(v/v) λ(−) ψb (−kPa)

Measurement 0.00 0.47 -0.63 6.51
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