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Project Title: The effect of organic fertilizer on the growth of fibresin industria hemp
(Cannabis sativa L.) in Northern British Columbia

Principal Investigators. Dr. Jane P. Young and Ms. Charlene Forrest, Biology Program,
UNBC

The results from this research will be used towards the completion of aM.Sc. degree at UNBC
by Charlene Forest (Supervisor: Dr. Jane Young). Part of the budget paid the sdary of a
research assstant for Ms. Forrest, who helped set up experimenta plots and collect datain

both field and greenhouse trids. Some of the data has been analyzed and will be included in this

report.

OBJECTIVESOF STUDY:

1) To determinethefertilizer (of four types) that will produce the highest yield of fibrein hemp,

2) To present results to the Gitsegukla First Nation regarding the growth of fibre hemp crops
using organic fertilizers, and

3) To publish resultsin aMasters of Science thesis and in appropriate scientific journds.

MATERIALSAND METHODS:

1) Field Trial
Kompoalti Field Trial - June 7-22, 2000

Cannabis sativa var. kompolti was planted by hand at a density of approximately 120 sems
m? a thefirst Gitseguklafield sSite (this Site was to be thinned to the density of 90 stems ni?).
Asof June 22, 2000, there was only 17% germination. Thislow germination rate may have
been due to low seed viability and/or the effects of cool soil and air temperatures. A second
Gitseguklafield wastilled in preparation for planting a second crop, but this time the fibre hemp
vaiety, fedrina, was used.

Fedrina Fied Trial - July 6 — September 11, 2000

Cannabis sativa var. fedrina was planted with atractor disc seed drill and germination was
highly successful. The 1 n? plots and surrounding 0.5 m buffers of dl four blocks in this heavily
over-planted field (approximately 400-500 stems i) were weeded and thinned to 90 stems i
2 on July 20-22. Twenty trestments were replicated four times, therefore, there were four



blocks of 20 — 1 m? plots (80 plotsin total). The trestments were: control (no addition of
fertilizer); control + P; fishmed @ 75, 150, or 300 kg ha™ N; fishmedl 75, 150, or 300 kg ha*
N (al + P); bloodmeal @ 75, 150, or 300 kg ha™ N; bloodmea @ 75, 150, or 300 kg ha* N
(dl + P); inorganic N @ 75, 150, or 300 kg ha™ N; or inorganic N @ 75, 150, or 300 kg ha™
N @@l + P).

Soil andlysis of thisfield showed only trace levels of nitrogen, 0.12 kg ha™* phosphorus and 263
kg ha* potassum. Onethird of each of the three nitrogen fertilizer types was added one week
after 90% germination (July 23) and the remaining two thirds, one month after germination
(August 12). Phosphorus levels were brought to 90 kg ha™ P two weeks after germination (July
30). Potassium levels were sufficient (120 kg ha* K for fibre hemp), therefore, no additiond
fertilizer was added.

Height measurements of 40 sample plants/trestment were taken every two weeks (July 20 —
September 11). Phyllotaxic change and flowering became apparent approximately 46 days
after planting, which indicated the optimum time to harvest for fibre andysis. Thefidd plots
were harvested by hand on September 9-11 (65 days after planting). At harves, the following
measurements were made of the sample plants: plant height, number of internodes, length of the
third internode (from the bottom), sex and phyllotaxy. The third internode of each of the plants
was taken back to the laboratory for further measurements (see L abor atory M easur ements).

2) GreenhouseTrial - July 4, 2000

Cannabis sativa var. fedrina was planted by hand and germination was highly successful. The
0.0625 n? plots and surrounding 0.125 m buffers of dl four blocksin this over-planted
(approximately 144 stems mi?) greenhouse were thinned to 90 stems mi? on July 12, Twenty
treatments were replicated four times, therefore, there were four blocks of 20 - 0.0625 n?
plots. The treestments were as above for the field trid except that bloodmeal was used instead
of seastar medl.

Soil andysis showed only trace levels of nitrogen and phosphorus and 126 kg ha™ potassium.
One third of each the three nitrogen fertilizer trestments was added one week after
gpproximately 90% germination (July 19) and the remaining two thirds, one month after
germination (August 9). Phosphorus levels were brought to 90 kg ha™ two weeks after
germination (July 28). Potassium levels were sufficient (120 kg ha'™) for fibre hemp, therefore,
no additiond fertilizer was added to the soil.

Fant height, number of internodes and length of the third internode (from the bottom) were
measured for each of the Sx sample plants. Phllyotaxic change and flowering became gpparent
at approximately 44 days after planting. The greenhouse plants were harvested by hand on
September 2-5 (60 days after planting). At harvest, phyllotaxy, sex and root dry weights of
each sample plant were recorded. The third internode of each of the plants was taken back to
the laboratory for further measurements (see L abor atory M easur ements).



3) Laboratory Measurements

Cross-sections (and scanning) of al sample plant third internodes were completed by April 28,
2001. Internode cross sectioning began on September 28, 2000, and involved the help of six
volunteersin the fal semester and nine volunteersin the winter ssmester. There was only one
fidd and three greenhouse stems that were not possible to scan (in order to save an image for
tissue measurements). All other cross- sections were scanned onto zip disks using Northern
Exposure software.

The secondary xylem depth of the third internode of each sample plant was measured with an
ocular micrometer a the time of cross sectioning and Toluidene Blue (TBO) gaining. A
randomly chosen subset of plants from both greenhouse (2 plants/plot; 160 in tota) and fied (3
plants/plot; 240 in totd) trids were used for preliminary tissue measurements. Primary and
secondary phloem depths, number of primary phloem cdls per areaand primary phloem cell
wall widths were measured on the scanned images with Cord 10 software. The number of cells
per areawas counted in a 200 mm X tissue depth area of the primary phloem. Three cdll wall
widths were measured per sample. All initial measurements were completed by May 6, 2001.
There are 7 plants/fied plot (560 totd) and 4 plants/greenhouse plot (320 totd) remaining to be
measured and analyzed.

Dry Weights

All sectioned internodes were oven dried and weighed by May 9, 2001. Fresh weight/dry
weight ratios will be compared across the treatments.

Summary of M easurements.

Height

Number of internodes

Third internode length

Third internode diameter

Third internode fresh and dry weights

Stem fresh and dry weights

Greenhouse root weights

Sex

Phyllotaxy

Xylem depth

Primary and secondary phloem tissue depths
Number of primary phloem cellgarea

Primary phloem cell wall thickness

***Cortex depth*** -will be added to remaining
measurements required for remaining stems



Temperature for greenhouse and fidd
4) Data Analyss

Tissue depths were converted to tissue area composition per internode area and were
datigticaly andyzed. The means of each measurement were compared among the treatments
using the Satistical software package, ‘SAS . A one-way andyss of variance (one-way
ANOVA) and the Student-Newman Keuls Multiple Range Test were used to determine any
sgnificant effects of treatments on means. Future analyss will be conducted usng SPSS
software.

RESULTS:

Inthisinitid anayds, five categories. fertilizer nitrogen concentration, addition of phosphorus
fertilizer, fertilizer nitrogen level combined with addition of phosphorus fertilizer, block layout
and nitrogen fertilizer type, were assessed for effect at a 0.05 dphaleve on five characteridtics:
xylem tissue depth, primary phloem tissue depth, secondary phloem tissue depth, average
primary phloem cdll wal width and plant harvest height of hemp growth (Table 1). Shaded cdls
inthe ANOVA summary table represent significant effect.

In both the field and greenhouse trids, neither nitrogen concentration level combined with the
addition of phosphorus, nor nitrogen fertilizer type produced significant results for any hemp
growth category. Inthefield trid the most consistent effect was produced through the blocking
layout, followed by nitrogen fertilizer concentration and findly, the addition of phosphorusto
plots. In the greenhouse trid the most consistent effect was produced through the addition of
phosphorusto plats, followed by block layout and findly, nitrogen fertilizer concentration level.

Inthisinitid analyss, the four levels of nitrogen fertilizer concentration, i.e., 0, 75, 150 and 300
kg ha™ of nitrogen fertilizer, were assessed for effect at a0.05 aphaleve on five categories:
xylem tissue depth, primary phloem tissue depth, secondary phloem tissue depth, average
primary phloem cdll wall width and plant harvest height of hemp growth. In the Student-
Newman Keuls summary table, sgnificant differences between means are represented by |etter
(A, B or C) designation (Table 2).

Inthe fild trid, 0 kg ha N was most often significantly different from the other concentrations
followed by 75 and 300 kg ha™* N, while 150 kg ha™* N maintained the most consistency with
other concentration levels. Xylem tissue depth and plant harvest heights, followed by primary
phloem tissue depths, were the growth categories most often exhibiting differences across dl

fertilizer types.

In the greenhouse tria 75 kg ha™ N was different twice as compared to 0, 150 and 300 kg ha™
N which were only different once across dl comparisons. Only inorganic primary phloem cell



wall width and sea star xylem depths offered differences among concentration.

Table 1. The effect of fertilizer on hemp growth.

NOVA

concentration

hosphorus

concentration X

block [fertilizer type

hosphorus

Greenhouse

Inorganic

ylem depth

primary phloem depth

Isecondary phloem depth

primary phloem cell wall width

harvest height

Greenhouse

Fish Meal

ylem depth

primary phloem depth

Isecondary phloem depth

primary phloem cell wall width

harvest height

Greenhouse

Sea Star

xylem depth

primary phloem depth

isecondary phloem depth

primary phloem cell wall width

harvest height

Greenhouse

Control

ylem depth

primary phloem depth

Isecondary phloem depth

primary phloem cell wall width

mn

harvest height

Greenhouse

All Fertilizers

ylem depth

primary phloem depth

isecondary phloem depth

primary phloem cell wall width

harvest height

Field

Inorganic

ylem depth

primary phloem depth

isecondary phloem depth

primary phloem cell wall width

harvest height

Field

Fish Meal

ylem depth

primary phloem depth

Isecondary phloem depth

primary phloem cell wall width

harvest height

Field

Blood Meal

xylem depth

primary phloem depth

T

il i




isecondary phloem depth

primary phloem cell wall width

harvest height

Field

Control

ylem depth

primary phloem depth

Isecondary phloem depth

primary phloem cell wall width

harvest height

Field

All Fertilizers

ylem depth

primary phloem depth

Isecondary phloem depth

primary phloem cell wall width

harvest height

Table2. Sgnificant effects of fertilizer on hemp growth.

——
—
——

Student Newman Concentration
Keuls Level
0 kg N/ha 75 kg N/ha_ |150 kg N/ha 300 kg N/ha

Greenhouse

Inorganic xylem depth A A A A
primary phloem depth A A A A
[Secondary phloem depth A A A A
primary phloem cell wall width _
harvest height A A A A

Greenhouse

Fish Meal xylem depth A A A A
primary phloem depth A A A A
[Secondary phloem depth A A A A
primary phloem cell wall width A A A A
harvest height A A A A

Greenhouse

sea st hytem depth [ & [ [ s [ a |
primary phloem depth A A A A
secondary phloem depth A A A A
primary phloem cell wall width A A A A
harvest height A A A A

Greenhouse

JAll Fertilizers xylem depth A A A A
primary phloem depth A A A A
secondary phloem depth A A A A
primary phloem cell wall width A A A A
harvest height A A A A

Field

Inorganic xylem depth
primary phloem depth
lsecondary phloem depth
primary phloem cell wall width
harvest height




Field

Fish Meal xylem depth B A A A
primary phloem depth A A A A
secondary phloem depth B AB A AB
primary phloem cell wall width A A A A
harvest height B A A A

Field

Blood Meal xylem depth B AB A A
primary phloem depth A A A A
lsecondary phloem depth A A A A
primary phloem cell wall width A A A A
harvest height B B A B

Field

All Fertilizers xylem depth B A A A
primary phloem depth A A A A
lsecondary phloem depth A A A A
primary phloem cell wall width A A A A
harvest height © B A B

PRESENT AND FUTURE WORK:

Upon completion of al measurements, the datawill be subjected to afina andyss of variance
(ANOVA) to determine conclugively if there are any sgnificant differencesin the measured
characters across the treestments. Of the three organic fertilizers, and the inorganic fertilizer, it
will be determined which one, if any, produces a higher yield of fibre in hemp under the
experimenta conditions used (Study Objective 1). The results will be presented to the
Gitsegukla First Nation Band once the analysis on the data is complete (Study Objective 2),
however, Mr. Dave Ryan, the Project coordinator for the Band, has been updated on the
progress regularly over the study period. The results will be published in a Masters of Science
thes's (Charlene Forrest’s), and will be submitted to appropriate scientific journas (Study
Objective 3).

PLEASE NOTE: Much of the substance of this report was taken from a Progress Report
written by Charlene Forrest, M.Sc. candidate, UNBC.
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