Femility and Plant Nutrition
Michelle I\/Icéinnis, Ph.D.

NCDA&CS Agronomic Field Services Section Chief
NCSU Horticulttgral Science Adjunct Faculty

NCA&T Hemp Conference
e Ly s EebrOaPieEl 2000 L e 000



got to be

N === Agronomic Services Division

AGRONOMY.,
»Soil Testing Lab

» David Hardy, Ph.D., Section Chief
» Jagathi Kamalakanthan, Agronomist

»Plant, Waste, Solution & e - -
Media Analysis Lab " o R ‘ et Dr. Colleen
» Kristin Hicks, Ph.D., Section Chief | Sl b
ristin Hicks, Ph.D., Section Chie Nirsctar

» Jessica Long, Agronomist

»Nematode Assay Lab

» Weimin Ye, Ph.D., Section Chief

l()'\ ALD ) G
W
N \|\|)\ B H)\

> Field Services

» Michelle McGinnis, Ph.D., Section Chief
» 13 regional agronomists Jagathi

ﬁ% \!‘

Kamalakanthan Jessica LOng Dr. Michelle McGinnis and 13 Reg|onai Agronomlsts




got to be

AGRONOMY.

TG Purpose of this presentation

UNIVERSITY

0

Tell you about the work we’re doing to
e Obtain scientifically valid information

* To be incorporated into our lab’s interpretations and
recommendations

* So we can provide scientifically and economically and
environmentally sound nutrient advice.

NCDA Agronomic Services, NCSU Crop & Soil Science, NCSU Horticultural Science
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N ==& Soil Test Recommendations for Hemp

AGRONOMY. Based on University of Kentucky guidelines for seed and fiber hemp
Target pH Phosphorus and potassium rates
. 6.2 for mineral soil (based on soil test results)
- 5.5 for mineral-organic soil - Phosphorus (P,0O:)
» 5.0 for organic soil - 0 Ib/A at P-Index of 70
Nitrogen rate . 150 Ib/A at P-Index of O
« 50 Ib/A for fiber « Potassium (K,0)
« 100-150 Ib/A for seed/grain . 0Ib/A at K-Index of 80
« No recommendation for flower* . 150 Ib/A at K-Index of O
(100-150 Ib/A typical grower rate)

*NCDA/NCSU research underway to determine optimal N and K rates for floral hemp
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NJC==¢ Plant Tissue Analysis

AGRONOMY.

Tool to manage in-season fertility and
nelp identify cause(s) of plant growth problems




Nf}%% Collecting representative plant leaf

acroNomY.  tissue samples

Most recent
mature leaf
(MRML)

* Collect the most recently mature
leaf (MRML)

* Generally the 3" to 5t |eaf down
from the growing point

e Collect 1-2 MRMLs from 20-30 from
similar environments (30-40 leaves
per sample

* Send to lab; lab measures essential
plant nutrients
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N@\’“ Plant Tissue Analysis

AGRONOMY.

e Compare results to crop specific nutrient ranges

 Sufficiency ranges — Established through yield based studies a wide
range of growing environments (not established for hemp)

e Survey ranges — Based on observational data under fewer growing
environments; good approximation of deficient and toxic critical
levels; additional info needed (published general guidelines)

e Lab reports indicate if nutrients are sufficient, deficient, or high
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acronomy. hutrient ranges
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N@ . Compare lab results to crop specific

Plant Analysis
 Sufficiency Ranges Handbook IV
* Established through yield based studies a wide A Guid JUBERping PR ion Anaysis and

Interpretation for Agronomic and Horticultural Crops

range of growing environments
* Not established for hemp

* Survey Ranges
e Based on observational data rather than research

Cannabis sativa

Common NamE Cannabis

. . . . | CoLLecTeD FROM Production nurse
 Published guidelines (Bryson & Mills)* Puaw Pakr 25 tre e fom e
e Good framework of nutrient status e Toe E—TT

:ann-]_: - | cutrivars Useo
sretchen M. Bryson M ri Mi i
o La b re po rts Harry A. Mills acror;:t ients mro:::mnts
i . . . . N 33-4.76 Fe 100 - 150
 Indicate if nutrients are sufficient, low, or high P 020-049 | Mn  41-93
K 1.83-2.35 B 56 - 105
. . . ) Ca 1.47-4.42 Cu 5-7.1
*Bryson, G.M, and H.A. Mills (Eds). 2014. Plant analysis handbook IV e-edition. A guide to Mg 04-0.81 Zn 24-52
sampling, preparation, analysis, and interpretation for agronomic and horticultural crops. s 0.17-0.26 | Mo 0.5-1.5

Athens, GA: Macro-Micro Publishing Inc.
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AGRONOMY.

"NCDA Plant Analysis Report

Crop with established sufficiency ranges

Sample Information

Nutrient Measurements are given in units of parts per million (ppm or mg/L) unless otherwise specified.

Plant indexes based on crop

specific sufficiency ranges

* 50-75 — Nutrients within
sufficiency range

* <50 — Nutrients low or
deficient

*>75 — Nutrients high

Growth Stage: M

Week: 0

Plant Part: M

Plant Position: 0 Na (%)
0.00

Agronomist's Comments:

Cl (%)

1D N (%) P (%) K (%) Ca (%) Mg (%) S (%) Fe Mn Zn Cu B Mo NOz-N
Qcrop: Wheat 567 048 307 017 004 055 937 836 260 581 2.96 - -

Growth Stage: E erpretation Indexes

S Fe Mn Zn Cu

Week: 16 @ 69-S 59-S 62-S 54-S 53-S 51-S

Plant Part: W Other Results Nutrient Ratios

Plant Position: U Na(%) Cl(%) C(%) DW(g) Al NS N:K Fe:Mn

BianitAppearance: 0.01 : : 2 869 | 101:1 181:1 112:1

Crop w/o established sufficiency ranges
Sample Information Nutrient Measurements are given in units of parts per million (ppm or mg/L) unless otherwise specified.

:n_u: N (%) P (%) K(%) Ca(%) Mg(%) S(%) Fe Mn Zn Cu B Mo NOz-N

< rop: Hemp, Field 5.45 0.29 2.06 1.93 0.29 0.28 118 154 41.1 17.3 53.9 - -

Interpretation Indexes
S

Other Results

C(%) DW(g)
- 0.62

Nutrient Ratios

N:K Fe:Mn
2:65:11 077 :1

Al
224

N:S
19.4 ;1

Plant sufficiency ranges for hemp have not yet been established. The following are survey ranges for Cannabis in production nurseries at

the vegetative stage prior to flowering reported in the Plant Analysis Handbook: N (3.3-4.76%); P (0.24-0.49%); K (1.83-2.35%); Ca (1.47-4.42%); Mg (0.4-0.81%); S

(0.17-0.26%), Fe (100-150 ppm); Mn (41-93 ppm), B (56-105 ppm); Cu (5-7.1 ppm), Zn (24-52 ppm); Mo (0.5-.1.5 ppm). Kristin A. Hicks 7/30/2019 9:29 AM

* No indexes for hemp b/c no
sufficiency ranges or NC
based survey ranges

* Compare results to Bryson
& Miills survey ranges listed
in Agronomist’s Comments




NCDA and NCSU — Two Projects

*Floral hemp nitrogen and potassium
rate study

*Floral hemp foliar nutrient survey
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Doodness Grows T

AGRONOMY.

NC STATE
UNIVERSITY

I%

Nitrogen and Potassium Rates for Floral Hemp
Experimental Design

Nitrogen Rate Studies
e 0,50, 100, 150, 200 Ib N/A
e RCBD with 4 reps

e Nitrogen: Split-applied with
28% UAN
* 50% ~10 days after transplanting
e 50% ~28 days after transplanting

Potassium Rate Studies
e 0,50, 100, 150, 200 Ib KZO/A
e RCBD with 4 reps

 Potassium: Applied with K,SO,
(0-0-50, 17%S) ~10 days after
transplant

e Fields had NCDA soil test K-I <40
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On-Farm

|A|G‘|C\|CRONOM;“ N and K Rates for Floral Hemp e (12
1 : Bertie Count
UNNCIVSE-I!%-ISx}E Experlmental DeSIgn V\(Iei::k:a; src‘)i\l,series&

Dogue soil series

Y A NONTH CABOL NS

UL DU TMENT OF ACHCTLTURE

Piedmont Research Station
Salisbury, NC
EOW:“ (':‘:)unt.y ‘| sandhills Research Station Lower Coastal Plain
ovyd soil series i - ' .
Yy b — o Jackson Springs, NC o ‘; Research Station

Moore County
Candor soil series

* ¢ Kinston, NC
Lenoir County
Norfolk soil series




Replication 1
Replication 1

Potassium (Ib/A)
Nitrogen (Ib/A)

NC

ings

Jééksbl;i?Sbr

ion —

4 rows/plot & 7 plants/row

Each plot

ills Research Stat

Sandh




Piedmont Research Station — Salisbury, NC
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Ooodness Grows T,

oy N and K Rates for Floral Hemp
NC STATE

it Materials & Methods (Planting)

I%

* BaOx clones transplanted

e Mid-May at research stations
e Late-June at farm locations

* Mechanical transplanting

* Open beds
* 60” in-row spacing
 VVariable between row spacing
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== N and K Rates for Floral Hemp
Materials & Methods (Data Collection)

* Foliar tissue samples (nutrients)
e Every other week from Week 4-16
* Growth index measures
e Every other week from Week 4-16
e Floral tissue samples (cannabinoids)
e Clear, milk, amber trichome stage (100 |b treatments)
e Harvest (all treatments)
* Soil samples
e Pre-plant, Week 8, Harvest
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== N and K Rates for Floral Hemp

AGRONOMY.

Materials & Methods (Harvestmg)

e Three plants per plot

e Tobacco barn at 150°F
for 2-3 days (in bags)

e Floral tissue removed
from stems

e Placed in dryer until
constant weight

* Weighed dry floral
material (yield)
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AGRONOMY.

NC STATE
UNIVERSITY

Yield (Floral Dry Weight/Plant) (g)

Yield (Floral Dry Weight) vs Nitrogen Rate
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Ooodness Grows T,
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ecne  Nitrogen Test at Harvest (Sandhills)

UNIVERSITY
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0 Ibs N/acre 100 Ibs N/acre 200 Ibs N/acre
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== N and K Rates for Floral Hemp

AGRONOMY.
NC STATE
UNIVERSITY Res u ItS

e Linear yield response to increasing N rate
— Sandhills and Piedmont

e Quadratic yield response to increasing N rate
— Lower Coastal Plain

* No yield response to N rate
— Bertie Farm

* No yield response to K rate
— All locations



Leaf N Concentration (%)

got to be

== Foliar N Concentration (N Rate Study)
NC STATE Nitrogen survey range 3.3-4.8%*
UNIVERSITY
, Lower Coastal Plain Sandhills Piedmont
6 - |1 8
g x - = g % %
51 [} ] L n E
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*Bryson & Mills, 2014, Plant Analysis Handbook IV

Weeks After Transplanting

0 Ibs. N/acre
50 Ibs. N/acre
100 Ibs. N/acre
150 Ibs. N/acre
200 Ibs. N/acre

ErJIOO@




Leaf K Concentration (%)
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== Foliar K Concentration (K Rate Study)
NC STATE Potassium survey range 1.8-2.4%

UNIVERSITY

Lower Coastal Plain Sandhills
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*Bryson & Mills, 2014, Plant Analysis Handbook IV
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Leaf Tissue Nutrient Survey

UNIVERSITY

I%

e Ground-truth Bryson & Mills nutrient survey ranges to
cultivars and environments specific to North Carolina

e 2019 and 2020

 Multiple cultivars (NCSU trials)

e Transplant sources (producer and clones/seeds)
e Fertility management / irrigation managment

e Across the state
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AGRONOMY.

NC STATE

UNIVERSITY

Leaf Tissue Nutrient Surve
Sample Locations

LS DEPAXTAGINT OF AGRXCULTURE

WAGENINGEN
_V.!‘Gi‘

COASTAL PLAIN SOIL REGION

MIODLE COASTAL PLAIN SYSTEM (WAP UNIT 1)
UPPER COASTAL PLAIN AND PEDMONT SYSTEM (AP UNIT 2)
SANDHLS SYSTEM

LOWER COASTAL FLALN - WICOMICO AND TALBOT SYSTEM
LOWER COASTAL PN
0RGANIC SO SYSTEM
BRACKISH AND FRESHWATER MARSH SYSTEMS

OUTER BANKS STSTEM LOW AND IWTERMEDIATE MOUNTAIN SYSTEM
LARSE RIVER VALLEYS AND FLOCD PLAN SYSTENS BAOAD BASINS, RIVER, TERRACES AND FLOCD PLAN SYSTEM

PANLICO SYSTEM

SOIL SYSTEMS IN NORTH CAROLINA

PIEDMONT SOIL REGION

FELSIC CYSTALUNE SYSTEM
CAROLINA SLATE BELT SYSTEM
TRASSIC BASIN SYSTEW

MOED FELSIC AND WAFC STSTEM

MOUNTAIN SOIL REGION

I MOUNTAN SYSTEM

o AR, bt o S

Piedmont
Research Station
24 varieties

<" SOIL SYSTEMS MAP
NORTH CAROLINA

AUGUST 1953 ¢R39433
T

WORTH CARGUNA
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Leaf Tissue Nutrient Survey

UNIVERSITY

Calcium survey range 1.5-4.4%

Boron survey range 56-105 ppm

Magnesium survey range 0.4-0.8%

Calcium (Ca)
(Survey Range 1.5-4.2%)*

Boron
(Survey Range 56-105 ppm)*

o
140 129 160 158 255
Gl ppm ppm ppm ppm

1032

agnesium (%)
> o

Magnesium
(Survey Range 0.4-0.8%)*

Boron (ppm)

dZLEZ33I000FZ%
a H 222

Ranges too high??
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woww  Leaf Tissue Nutrient Survey

NC STATE
UNIVERSITY

PhOSphOI‘US survey range 0.24-0.49% Manganese survey range 41-93 ppm Zinc survey range 24-52 ppm

- P:csphuor:sa[)?o]u”‘ Manganese Zine
urve! iange 0.24-0. o)
e (Survey Range 41-93 ppm)* (Survey Range 24-52 ppm)*

TEEYe AT
cis

I

Hemp cultivar

Ranges reasonable??
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Leaf Tissue Nutrient Survey

UNIVERSITY

Sulfur survey range 0.17-0.26% Copper survey range 5-7 ppm Iron survey range 100-150 ppm
Sulfur Copper Iron
(Survey Range 0.17-0.26%)* (Survey Range 5-7 ppm)* (Survey Range 100-150 ppm)*

© sulfur (%)

Copper (ppm)
Iron (ppm)
3
£
3

Ranges too narrow??
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meoey Super Team

UNIVERSITY

e Maggie Short — MS Student

e Matthew Vann

e Keith Edmisten

e NCSU Tobacco Team

e Agronomic Field Services Team
e Research Stations

 Extension Agents
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Thank you for funding and support!

BIOENERG &

RESEARCH INITIATIVE
Camhm
CH" Hemp Products, Inc.
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HC DEPT OF AGRICULTURE & CONMSUMER SERVICES
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NC DEPARTMENT OF AGRICULTURE

NC STATE UNIVERSITY




