T A : e .‘,‘ ‘,A.ﬁ...~-¢'=' .

FIOraI Hemp Fertlllty and PIant Nutrltlon
Nitrogen and Pofassium Rate Study.and
\ \ Follar Nutrient Survey

A

-

| Michelle McGinpis, Ph:D.
NCDA&CS Agron@mic Field,Services Section Chief
NCSU Horticultural Science Adjunct Faculty

UVM Industrial Hemp Conference
February 20, 2020



got to be

== Agronomic Services Division
NC STATE

midsid  Laboratory Sections

* Soil Testing
* Nematode Assay

* Plant, Waste, Solution, & Media Analysis
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= Agronomic Services Division
Field Services Section
* Provide on-farm consultations

* Diagnose plant growth problems
* Advise to prevent or correct plant growth problems

Greensboro

Raleigh

Wilmington
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AGRONOMY.

Gng  Purpose of this presentation

UNIVERSITY

Tell you about the work we’re doing to

* Obtain scientifically valid information

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

* And provide economically and environmentally, and
scientifically sound nutrient advice.

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

oodness Grow:

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,0:)
+ 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 (KZO)
- 100-150 Ib/A for seed/grain . 0 Ib/A at K-Index of 80
- No recommendation for flower* . 150 Ib/A at K-Index of 0
(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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NI s Plant Tissue Analysis
Tool to manage in-season fertility and
help identiy C

AGRONOMY.
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<= Representative leaf tissue samples

AGRONOMY.

* Collect the most recently mature
leaf (MRML)

S

Most recen
mature leaf

o

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

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

* Send to lab; lab measures essential
plant nutrients

GARBAGE INTO THE LAB — GARBAGE OUT OF THE LAB




acronomy. Nutrient ranges

 Sufficiency Ranges

e Established through yield based studies a wide
range of growing environments
* Not established for hemp
* Survey Ranges
* Based on observational data rather than research
e Published guidelines (Bryson & Mills)*
e Good framework of nutrient status P
* Lab reports

* Indicate if nutrients are sufficient, low, or high

*Bryson, G.M, and H.A. Mills (Eds). 2014. Plant analysis handbook IV e-edition. A guide to

sampling, preparation, analysis, and interpretation for agronomic and horticultural crops.
Athens, GA: Macro-Micro Publishing Inc.

-

: \\

ScienTIFic NamEe

__ Compare lab results to crop specific

Cannabis sativa

Common Name

Cannabis

| CoLLEcTED FROM

Production nursery

PLANT PART 25 mature leaves from new

growth
SEASON Vegetative prior to flowering
DaTA TYPE Survey Range

CuLTIvaRS USED

Macronutrients Micronutrients
% ppm
N 3.3-4.76 Fe 100 - 150
P 0.24 - 0.49 Mn 41-93
K 1.83-2.35 B 56-105
Ca 1.47-4.42 Cu 5-7.1
Mg 0.4-0.81 Zn 24 -52
< 0.17 - 0.26 Mo 0.5-1.5
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ncy Ranges for Plant Analysis
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AGRONOMY.

y Range Reference for Cotton

Reference Sufficiency Ranges — Freld Crops

Cotton C. C. Mitchell and W. H. Baker

Sofficiency Levels and Critical Values

Sufficiency ranges for cotton have often been used based upon observations and mnges of
analyses of plant tissue from healthy or normal cotton crops. For this reason. ranges may
b broad and too inchisive. Therefore, use of a mufficiency mnge for cotton and the implisd
critical concentration (Jower end of sufficiency range) of a numient for deficiencies or
toxicities are oot absahits.

Sampling Proceduores

Perigle anaiy
Sample petioles from the most recently manmed leaf on the vegetative stem at infervals
bepmning the week before first bloom and comtinning for 7 or § weeks after bloom. Samples
should be faken at weekly intervals and compared for the remults to be meaningful. Interpret
petinle amalysiz for NO3-M, total B, and total K anly. Nitrate analysis is the most meaningfial
and the primary reason for sampling.

Lo biade ar aariy bloom

Sample the uppermost, mature cotton leaf blade on the vegettive stem. Discard the petiols.
(Batz: some research has mehuded both deaf blade and petiale ] This is wsually the 3rd to 5th
lzaf from the terminal. Sample during the period of one week before to one wesk after first
bloom.

Suffici Banges

Petizles

The petioles from the most recently mamred leaf on the vegetative stem at intervals begmnin
“Arkanzas Infepretation” may be more appropriate for loess and other fine-texhured soils of
the mid-South whereas the “Georgia Interpretation” was developed for the coarser texnmed
soils of the Atlantic and Gulf Coastal Plain.

LA

These samples can be taken a1 any time during the growing ssason. Comparative samples
from “good” and “had” areas should be taken according to guidslines at the stags of growdh.

Manitering Sampies

Thsse samples should be taken at 5l illering (Zadoks 30; Feskes 5) o pradict mumtional
status and additional mitrogen required to optimize yield. Final monitoring samples should be
taken at flap leaf emerpence (Zadoks 45, Feckes 10) to evaliate mutrient program

Sufficiency Ranges

[ Importmt Ratior |
The I:S ratio should be berween 10 and 15 for optiomm yialds. -5 ranos greater than
o equal to 18 ndicate that sulfus is limiting in relation w nitrogen.

Seedling to Tillering; Jointing to Flag Leaf Emergence

[ Macronutrignts |
[ w 1 » T & [ @ [ Mz [ s |
| 30-50% | 02-05% | 25-50% | 02-10% | 0.14-1.0% | 0.15-0.65% |
[ Aficronurtrients |
| P [ Ma [ & | c© | B | M |
[ I

30-200ppm | 20-150ppm | 13 T0ppm | 45-15ppm | 15 4ppm |01-20ppm

[ Macronumriants |
| w ] B E | @ [ Mz [ 5 |
[ Z05m | 02-05% | 2020% | 02-10% | D1-L0% | 01506 |
[ Micronurrianss |
| F= | Ma [ zm [ ctu_ | E [ Mo

[

30200 ppm | 20-150 ppm | 1670 ppam | 45-15 ppm | 150 ppm [ 0120 ppm

Refesence Suffciency Ranges — Field Crops

Toungest, Manwre Loqf Biade

The fallowing sufiiciency ranges were compiled from several sources (Andersen and others
1971; Hodges and Hadden 1992; Mullins and Burmester 1960, 1992, 1993; Plank 1988;
Reeves and Mullins 1993; Sabbe and Mackenzie 1973, Sable and others 1972).

‘Macronumrients (72)

| b.'
‘early Bloom | e
late bloom / maturity | 3.0-4.5 | 0.1506

Micronutriants (ppm)

[ F Mo I | o | B
aarly bloom | 50250 | 25350 | 20200 | 525 | 2080
e bloom /manrity | 50300 | 10400 | 50300 | =T

References

Anderson OE, Perkins HF, Carter RL, Tones JB Jr. 197]. Plant ntrient survey of selected
‘planrs and soils of Georgia. Arhens (GA): Geargia Azriculniral Experiment Stasion. Research
Report 102.

‘Bassest DM, MacKenzie AT. 1976, Plan analysis as 2 guide to comon ferilizasion. In
‘Retsenauer M. editor. Sail and plant-issue testing in California. Davis (CA): University of
California Cooperative Extension Service p 16-7

‘Benton ME. Maples F. May RD. Miley WN. Satbe WE. 1979, A computerized system
for cofton nifrate monitoring with program: listinzs and descriptions. Fapetteville (AR)
University of Arkansas Azricuiniral Experiment Station. Rizpor Series 244,

‘Hodges 5C, Hadden J. 1092, Late season soil and plant muirient status in Georgia cotton
sals. In: Procesdings 1992 belrwids cortan confereces. Memphis (TI): National Conan
Council p 11267

Lusick MC, Peacock HA. Cornell JA. 1886, Nitrate monitoring for cottan lint preduction an
a Typic Paleudulr Azron T 78:1041-4.

“Arkansas” ion (Benton and ofhers 1879)
Time of sampiing irata nitragan (gpmy) Phosphons (ppm)
TWesk of bloom 10.000-35.000 800
Bloom + L wesk 9.000-30.000 -
Bloom =2 wezks 700025000 -
Bloom = 3 wesks 5,000-20.000 *
Bloom = 4 weeks 3.000-13,000 *
Bloom + 5 weeks 2,000-8.000
Bloom + 6§ weeks 1.000-5.000
Bloom = 7 wezks 0500
Bloom = § weeks 500

+ A decrease in P conceniation of more than 300 ppen from the previous wesk usually
indicates mistire sgess

“Ceorsia” Interpretation (Lutrick and obers 1956 Planl: p

Trme of sampiing Nirrata nitrogan (ppm Phospharus (ppm)
Thizek before first bloom 000-13,000 800
Weak of loom 430012500 =800
Floom = [ wesk 33011000 ¥
Bloom = I wesks 2.500-9,500
Bloom + 3 wesks 1,500-7.500 .
Bloom + 4 wesks 1,000-7.000 .
Bloom = 5 wesks 1.000-6.000 .
Bloom = § wesks 5004000
Bloom = 7 wesks 004,000
Bloom =~ § weeks 004,000

+ A decrease in P concentration of more than 300 ppen from the previous week nsually
indicates moisnire smess

Miley WN, Maples F. 1985. Cofton nitrate monitoring in Arkansas. Fayetieville (AR):
University of Atkansas Cooperative Extension Service. Cotton Comments 183

Mitchell CC. Pare G, Burmester CH, Edmisten KL Gazaway W. 1992, Ferrility starus of
Alabama cotton seils. I Proceedings 1992 belfwide cotton conferences. Memphis (TN):
National Coston: Ceuncil. p 1120-5.

‘Mulkins GL, Burmester CE. 1990. Diry mattes, nitrogen. phosphorus. and pofassium
accumulation bry four cotton varieties Agton T £1:710-36.

Mallins GL, Burmester CH. 1992, Upfake of calciim and maguesium by cotton grows under
dryiand conditions. Asen ] B4:564-9.

Mulkins GL, Burmester CE. 1003. Accummilation of coppar, iron, manganese and zine by four
cotton cultivars. Fisld Crops Res 32:120-40

Plask CO. 1988, Plant amalysis handieuk for Georgia. Athens (GAY: University of Georgia

Cooperative Extension Servica

Reeves DW, Mallins GL. 1993. Subsoilinz and K placement: effiects on cotton water
relations. In: Proceedings 1293 beliwide cofiva conferences. Menphis (TN): National Cotica
Council p 13225

Sabbe WE, Keogh L, Magles B, Hilewan LH. 1972, ¥uirient analysis of Askansas cotion
and soybean leaf tissue. Arkansas Farm Res 211

Sabbe WE, MacKenzie AJ. 1073, Plant analysis as an aid to cotton fartilization. In: Walsh
LM, Beaton IT, editors. Sail festing and. plant analysis. Madison (W): Sail Science Society
of America, Iac. 3 209-313.
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= Sufficiency Range Reference for Small Grains
AGRONOMY.

Reference Sufficiency Ranger — Field Crops
Reference Sufficiency Ranges — Fiald Craps

*  Femarks
Small Grain Cufrisncy mmes: . - . —— j
— Barley, Oats, iency ranges are based on available Fteramre and experience interpreting plant saniples.
Eye, Wheat C. 0. Plank and 5. J. Donahue Feezults are less reliable as crop approaches matorsty. Comparative “good ™ and “bad” samples

should be nzed when sampling at various smzes of maharity.

Sufficiency ranges can gensrally be applied for wheat, oats, rye, and barley althouzh most of
the research has been done on wheat

Critical Valoes
The values given here are best estimates based on extensive experience. They apply to all
samples and growth stages. »  References
- E B ”“""‘l“c’:“""" G E Mills H& Tones B Jr. 1996, Plam analysis handbook I a practical sampling, preparation,
0% [0 2o [015%  |olt%  [010% amalysis, and inferpretion puide. Athens (GA): Micro-Maco Publishing.
T — Plank CO. 1930, Plant amalysis handbook for Georgia Athens (GA): University of Georgia
" T %= Tca B D Cooperative Extension Service. p 37-8.
Gppm  [l5ppm  [iSpom  [3ppm  [ipgm  [005ppm Westfall DG, Whitnay DA, Brandon DM, 1090, Plans analysis as an 2id in fanilizing small
prains. In: Westerman BL, editor Soil festng and plant analysis. 3rd ed Madison (WT): Soil
Sociery of America, Inc. p 495-519. (555A book senes; 3).
Sampling Procedures

Seadiing 1o Tillering

Whole plants should be collected by cutting 1 inch above the seil surface. Samples can

b taken by ETasping existing srowth at a given sits and cotting at the recommended lewal
above the sodl with a small knifs. Dead leaves should be avoided as mach as possible. Afier
collecting subsamples from several locations in a field, clippings should be combined for a
TEprEsentative sample

Jointing to Flag Leqf Emergance
Bireak the top twao to three laaves (srowing poimf) from repressnftative plants in several
locations of the field Combine for a representative sample. Stem: should be mchuded.

Flag Laqf to Menarity
Flag leaves fiom representative plants m the field should be cellected mndomly. A minimom
of 15 to 20 leaves should be collected from a given field or area

2
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AGRONOMY.

Crop with established sufficiency ranges

= NCDA Plant Analysis Report

Sample Information

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

K(%) Ca(%) Mg(%) S (%) Fe Mn Zn Cu B Mo
3.07 0.17 0.04 0.55 93.7 83.6 26.0 5.81 2.96 a 5

N (%)
5.57

P (%)
0.48

Crop: Wheat

Growth Stage: E

expretation Indexes
S Fe Mn Zn Cu
69-S 59-S 62-S 54-S 53-8

Week: 16 51-S

Plant Part: W Other Results |

Al

Nutrient Ratios

Plant indexes based on crop

specific sufficiency ranges

* 50-75 — Nutrients within
sufficiency range

* <50 — Nutrients low or
deficient

* >75 — Nutrients high

Plant Position: U Na (%)  Cl (%) C(%) DW(g) N:S N:K Fe:Mn
Plant Appearance: 0.01 - - - 86.9 | 10.1:1 1.81: 1 14251
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 (%) P (%) K(%) Ca(%) Mg(%) S (%) Fe Mn Zn Cu B Mo NOz-N
5.45 0.29 2.06 1.93 0.29 0.28 118 154 411 17.3 53.9 - -

rop: Hemp, Field

Interpretation Indexes
S

Growth Stage: M
Week: 0
Plant Part: M

Other Results

Na (%) Cl (%) C (%) DW (g) Al
0.00 - - 0.62 224

Nutrient Ratios

N:K Fe:Mn
2651 0.77 : 1

Plant Position: 0 N:S

19.4:1

Agronomist's Comments: 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
& Mills survey ranges listed
in Agronomist’s Comments




August 24, 2018; Guilford
Low plant tissue P
Stunting; mottling, dark
green new and/or purpling




. September 29, 2018; Hoke County i
Accidental boron overdose (GH hemp)
Marginal necrosis on lower leaves

Nutrient Measurements are given n units of parts per million (ppm or mg/L) uniess otherwise spec
P (%) K (%) Ca (%) Mg {'f.) S '%) Mn Cu B
048 264 80.2 375

x e




August 9, 2018; Guilford
Iron deficiency
Interveinal chlorosis of new growth

Lower end of target range

N (%)
3.05

N (%)
253

3.3%

=r million (ppm or mg/L) unless otherwise specfied.

P (%) K(%) Ca(%)
047 1.84 3.08
P (%) K(%) Ca(%)
035 1.63 283

0.24% 1.8% 1.5%

Mg (%) S (%) Mn Zn Cu B
042 021 53.0 353 780 61.1
S (%) Fe Mn Zn Cu B
0.17 110 428 311 6.70 718
100
0.17% s 41 ppm 24 ppm 5 ppm 56 ppm




LS

July 25, 2018; Guilford
Deficient K confirmed with plant tissue analysis

alfolgeo AT1(1 110 S (] [ )WV & = farciecdin
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AGRONOMY.

NCDA and NCSU — Two Projects

1) Nitrogen and Potassium Rates for Floral Hemp
2) Foliar Nutrient Survey for Floral Hemp
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S~ Nitrogen and Potassium Rates for Floral Hemp

AGRONOMY.

NC STATE Obijective

UNIVERSITY

* Evaluate the effect
* Yield (dry floral weight)
e Cannabinoid concentrations (CBD, THC, etc)

* Establish
* Soil test K recommendation
e Optimal N recommendation
* N and K foliar sufficiency ranges
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AGRONOMY.

NC STATE

UNIVERSITY

Nitrogen and Potassium Rates for Floral Hemp
Experimental Design

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

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

Potassium Rate Studies
* 0, 50, 100, 150, 200 Ib KZO/A
 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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VL= N and K Rates for Floral Hemp A
N Experimental Design —4 Locations | amea

Wickham soil series &
Dogue soil series

UNIVERSITY

NORTH CAROLINA

URSEMRTMENTORAGRKCULTORE [

SOIL CONSERVATION SERVICE
|

Piedmont Research Station

SaIiSbury’ NC IMONT SOIL REGION
HEELR "] Sandhills Research Station Lower Coastal Plain
Lloyd soil series

1 Jackson Springs, NC

b s Research Station
nd Kinston, NC
Lenoir County
Norfolk soil series

i LARGE RIVER VALLEYS AND FLOOD PLAIN SYSTEMS BROAD BASINS, RIVE]
HIGH MOUNTAIN SYS)

Soil cience Dapaimant North Carcnn State Univeraty

Moore County
Candor soil series :




Replication 1

Potassium (Ib/A) — Replication 1
Nitrogen (Ib/A) —

kson Sp""gs NC

—e

on - Jac

lls Research Stat

 sandh



Nitrogen (Ib/A) — Replication 1
?‘—F“
P — M e
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= e e
: s 8 § - S
e e —— =

T

Piedmont Research Station —Salisbury, NC
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woom N and K Rates for Floral Hemp
Materials & Methods (Planting)

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

AGRONOMY.

THIAE  Materials & Methods (Harvesting)

* Three plants per plot

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

* Floral tissue removed
from stems

* Placed in dryer until
constant weight

* Weighed dry floral
material (yield)
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=ewne  Nitrogen Test at Harvest (Sandhills)

UNIVERSITY

0 Ibs N/acre 100 Ibs N/acre 200 |bs N/acre



Leaf N Concentration (%)
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ni== Foliar N Concentration (N Rate Study)

AGRONOMY.

NC STATE Nitrogen survey range 3.3-4.8%*
UNIVERSITY
, Lower Coastal Plain Sandhills Piedmont
| 5 | &
6 e = . B
5 - o K 5 L) % n % |
[] s X - s % 4 g x
4 - ® g %= g - H g | ¥ g
(0] * = § B Vi
31 s 5 B 7 e g 4 E
) - e _ 2
1 _
4 6 8 10 12 14 16 4 6 8 10 12 14 16 4 6 8 10 12 14 16

*Bryson & Mills, 2014, Plant Analysis Handbook IV

Weeks After Transplanting

Erioe

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




Leaf K Concentration (%)

got to be

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

UNIVERSITY

Lower Coastal Plain Sandhills
3.5

3.0

o -ofdeH

2.5 -

e o

Piedmont

@ IOiwim

2.0

ggg

@ Ok

L

SIS
@ Skl

¢

1.0

g

0.5

4 6 8 10 12 14 16 4 6 8 10 12 14 16
Weeks After Transplanting
*Bryson & Mills, 2014, Plant Analysis Handbook IV

ErJ{OO®

8 10 12 14 16
0 Ibs. K20/acre

50 Ibs. K20/acre

100 Ibs. K20/acre

150 Ibs. K20/acre
200 Ibs. K20/acre




Foliar boron concentrations

— Nitrogen rate studies

NITROGEN STUDY (Piedmont) NITROGEN STUDY (Sandhills) NITROGEN STUDY (Lower Coastal Plain) POTASSIUM STUDY (Bertie)
Boron (B) leaf tissue concentrations over 16 weeks Boron (B) leaf tissue concentrations over 16 weeks Boron (B) leaf tissue concentrations over 16 weeks Boron (B) leaf tissue concentrations over 16 weeks
(Survey range 56-105 ppm) (Survey range 56-105 ppm) (Survey range 56-105 ppm) (Survey range 56-105 ppm)
[ ]
®
105 ppm
i i i i
H HE H 8 [y a
] ¢ i i ] i S
56 ppm N
Wasks after transplant Wasks after transplant Wasks after transplant Waaks sfter ransplant
Potassi te studi
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sl NITROGEN STUDY (Piedmont)
AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks

(Survey range 56-105 ppm)
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AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks
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P NITROGEN STUDY (Lower Coastal Plain)
AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks

(Survey range 56-105 ppm)
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= NITROGEN STUDY (Bertie)
AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks

(Survey range 56-105 ppm)
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sl POTASSIUM STUDY (Piedmont)
AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks

(Survey range 56-105 ppm)
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AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks
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P POTASSIUM STUDY (Lower Coastal Plain)
AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks

(Survey range 56-105 ppm)
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= POTASSIUM STUDY (Bertie)
AG RONOMY: Boron (B) leaf tissue concentrations over 16 weeks

(Survey range 56-105 ppm)
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L= Foliar Nutrient Survey for Floral Hemp

AGRONOMY.

NC STATE Objectives

UNIVERSITY

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

 Conducted 2019; Again 2020

* Multiple cultivars (NCSU trials)

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

e Across the state
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AGRONOMY.

NC STATE

UNIVERSITY

~= | eaf Tissue Nutrient Survey
Sample Locations

NORTH CAROLINA

US. DEPAXTMENT OF AGRICULTURE
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Calcium (Ca)
(Survey Range 1.5-4.2%)*

Boodness GrowsTin,

6.0%

got to be

NG

Calcium survey range 1.5-4.4%

NC STATE

=
=
w
=
Ll
=
=
=)

AGRONOMY.

4.50
4.00
3.50

3.00

g

8 8

(%) ==._u_m“

xa
X8
xa
xa
X8
xa
xa
EL]
av

] g R 8

i = < S

Hemp cultivar

Ranges too high??

Hemp cultivar




got to be

NG

&
M
&

Zinc
(Survey Range 24-52 ppm)*

Zinc survey range 24-52 ppm

2
=
b
z
s

0 w

(wdd) suiz

65
55
52pp
as
24ppm
15
5
5

Hemp cultivar

$5254
Wesd

264
a0sd
H5-Otd
goud

08V
OgvIA-d
OFVINA
08V
(LR T}
OFAHd
HS"iHd
AVHHA
Hs-184
&84
11-S¥d
UHL-SHd
MSS¥d
ns-sy¥d
dssud
ds5ud
OsS¥d
X955ud
N¥Sud
QIN-SYd
rrsud
dFsud
NS
13sud
XMOS¥d
MISYd
NNDSHd
LDSud
NHDS¥d
HO-SHd
ZHISud
05ud
3g5ud
vESHd
L3IMSDHA
HONSOHA
MXMO-DHA
MOOHA
YEDHN

Manganese
(Survey Range 41-93 ppm)*

= 3
s 8 8

140
120
100
45
20
o

L

Manganese survey range 41-93 ppm

e (wdd) asouedueny
o

41p)

Hemp cultivar

Leaf Tissue Nutrient Survey

Phosphorus (P)
(Survey Range 0.24-0.49%)*

Boodness GrowsTin,

] b 8
S

0.15
0.10
0.05
0.00

Phosphorus survey range 0.24-0.49%

NC STATE

=
=
w
=
Ll
=
=
=)

AGRONOMY.

0.50

0.49%
0.45
0.40
035

< s
f=
(%) snioidisoyd

Ranges reasonable??

Hemp cultivar




Leaf Tissue Nutrient Survey

Boodness GrowsTim,

=

AGRONOMY.
NC STATE

=
=
w
=
Ll
=
=
=)

got to be

Iron survey range 100-150 ppm

Copper survey range 5-7 ppm

Sulfur survey range 0.17-0.26%
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e Establishing Hemp Leaf Tissue Nutrient
Sufficiency and Survey Ranges for
UNIVERSITY North Carolina Production

AGRONOMY.

NC STATE

* Results of N and K rate study will contribute to establishing N
and K sufficiency ranges

* Observational data from the survey study will contribute to
establishing survey ranges for the rest of the nutrients

* Also to be considered when establishing these ranges

e Data collected by Dr. Kristin Hicks, Agronomic Plant Lab Section Chief

* Data reported in Cockson, P.; Landis, H.; Smith, T.; Hicks, K.; Whipker, B.E.
Characterization of Nutrient Disorders of Cannabis sativa. Appl. Sci. 2019, 9,
4432 https://www.mdpi.com/2076-3417/9/20/4432
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