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In 1983 and 1984 field plot experiments were established to assess the effects of a foliar applied (2 or
4Lha"' x four applications per season) kelp Macrocystis integrifolia, concentrate on growth and nutrition
of bean, Phaseolus vulgaris. A commercial kelp concentrate, prepared from Ecklonia maxima, was alse used
as a test comparison. In the first year a phytohormonal extract of the M. integrifolia concentrate, designed
to extract the cytokinin, auxin and gibberellin phytohormones, was also apphied to the crop to test the thesis
that these phytohormones are active constituents. In each of the two field seasons the kelp concenirates
increased harvestabie bean yields on average by 24%. The phytohormonal extract also increased yields, but
was less effective than the kelp concentrate ifself. Bioassay results demonstrated the presence of phyto-

hormone-like substances in this crude extrach

Introduction

Various kelps have been processed commercially
for worldwide use as crop foliar sprays. Much of
the early research has been reviewed by Abetz
(1980). Tn: the late 1978s a kelp (Ecklonia maxima
(Osbeck) Papenfuss) concentrate called “Kelpak
66", for use as crop foliar spray was manufactured
by Keip Products Lid. of South Africa. The South
African process involves physical disintegration of
raw fresh kelp by milling and high pressure
(> 40,000 k Pa) homogenization o reduce the parti-
¢le size of the kelp to approximately 50 gm (South
African Patent 78/3281). Selected crop responses
include increased seed germination and plant
growth and altered development and nutrition
{Featonby-Smith and van Staden, 1983a; 1983b;
Kotze and Joubert, 1980; Nelson and van Staden,
1584a; 1984b). Cytokinin-like substances have also
been detected in the kelp concentrate and are sus-
pected to be active constituents {Featonby-Smith
and van Staden, 1983b; Finnie and van Staden,
1985}, although 1-aminocyclopropane-1-carboxy-
lic acid {(ACC), the immediate precursor o the
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phytohormone ethylene, is also implicated (Neison
and van Staden, 1984b and 1985).

Field studies were designed to investigate the
potential use of the kelp, Macrocystis integrifolia
Bory, processed as a concentrate for use as a kelp
foliar spray on bean (Phaseolus vulgaris 1.} crop
productivity. The M. integrifolic kelp concentrate
was compared to a crude phylohormonal extract of
the M. integrifolia concentrate. This was a test of
the hypothesis that natwral growth promoting
phyiochormones, such as auxin, gibberellin and
cytokinin, may be active constituents. This
physohormonal  extract  was  subsequently
bioassayed for the presence of growth promoting
phytohormones cytokinin, auxin and gibberellin-
like substances. The commercially available South
African kelp (E. maxima) concentrate, “Kelpak
66", was applied as an already documented and
effective comparison.

Material and methods
Design of experiment

1983 Field trial. On May 13, 1983 fresh kelp, M.
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integrifolia, was harvested near Execution Rock,

just west of the Bamfield Marine Station, Van-.

couver Is., British Columbia (N latitude 48°49"; W
longitude 125°117). The rapidly growing apical
portion of the plant was harvested, counting iwelve
jaminae back from the scimitar apex (top L.5m).
Approximafely 24 healthy apical portions of the
piant were selected from the kelp bed and im-
mediately hand shredded to pieces jess than 4¢m in
size. The mulched kelp was mixed thoroughly and
I-kg portions placed in zipiock plastic bags, air-
venied and put on ice in a cooler and transported
back to the marine station. The kelp was then
immediately frozen {— 15°C) and transported the
next day on ice to the University of British Colum-
bia, where it was transferred to a freezer at — 70°C.

The X-press (AB Biotec) was used to process the
kelp into a concentrate resulting in the disintegra-
tion of plant cell walls and membranes and reduc-
ing particle size. The concentrate or mash (M) was
then subjected to a series of extraction procedures
to produce the rude keip phytohormonal exiract
(E). The extraction procedure (Fig. 1} was devised
using common methods employed in phytohor.
monal analysis and is based upon the recovery
coefficients of the various phytohormenes for par-
ticular solvent at defined pH as described by
Murakami {1970}, Mann and Jawroski (1970),
Hemberg (1974), Atsumi et af. {1976), Ciha et al.
{1977y and Walton ez al. (1979). Both the kelp
concenirate (M) and its phytohormonal extract {E}
were stored at - 70°C prior to use as foliar spray
treatments discussed fater in the text, in separate
exiractions FRACTIONS 1, I and {1l were then
further purified and/or chromatographed prior to
bicassay detections.

Gibberellin  hioassay. Fraction 1 was rotary-
evaporated under vacuum at 35°C until near
dryness, taken upin three separate 3mL volumes of
80% ethanol, applied (Scm strip) to Whatman
3MM chromatography paper, developed {l6cm
height) in ascending solvent (isopropanol
NH,OH:water 10:1:1), left to air dry and prepared
for the rice seedling bioassay as described by
Murakami (1970).

Cytokinin bipassay. Fractions I and I were com-
bined and rotary-evaporated under vacuum at
33°C yntil near dryness, taken up in 36 mL of 80%

ethanol acidified (0.1 A7 HCI) to pH 2.5, applied to
a Dowex-30W cation exchange column (bed vol-
ume 135mL) and run at 4°C using methods similar
to those described by van Staden (1976). The
collected eluate was rotary-evaporated untii near
dryness and applied to silica gel plate (Kieselgel
60F; Merck) and developed in an ascending
solvent {Chloroform:methanol 17:1) as described
by Rademacher and Graebe (1984). Developed
plates were cut into 10 equal width strips (R, 0 1o
1.0}, gel scraped off into 10 mL test tubes and eluted
3 x with 2 mil. 100% methanol, each of which was
centrifuged and decanted. The 6 mL collected was
spiit into three aliquots by placing 2mb into 5.5cm
petri dishes containing two #1! Whaiman filter
papers. Prepared standards were also included at
this time. Fach dish was then air dried in a fume
hood for 16h. After drying 2.0mL of 0.013 M
sodium phosphate buffer (pH 6.3) was added o0
each dish and the Cytokinin Amaranthus
Cotyiedon Beta-Cyanin  Production  biocassay
{Biddington and Thomas, 1973) was conducted.

Auxin bioassay. Fraction 11 was rotary evaporated
under vacuum at 35°C to near dryness, taken up in
three 3mi. volume each of which was applied to a
silica gel plate {(Kieselpel 60 F 254; Merck) and
developed (10cm) in an ascending solvent (iso-
propanol: NH,OH:water 10:1:1) as described by
Rademacher and Gracbe (1984). The developed
plate was cut into 10 equal width strips {R, 0 to 1.0},
gel scraped off into 10mL test tubes, eluted once in
3ml. of acetone and centrifuged. The acetone
eluate was decanted into a 10mL test tube and
dried in a stream of N;. The silica gel residue was
then washed in 6mL of 0.01 M KH, PO, buffer (pH
6.4} containing 2% sucrose and centrifuged. The
eluates were then combined for each R,. Each 6 mL
eluate was split into three 2 mL aliquots and placed
in 3.5cm petri dishes. Prepared standards in buffer/
sucrose were also included at this time. The Auxin
Avena Coleoptile Straight Growth Test Bioassay
was then performed according to Nisch and
Nitsch (1956).

Known natural phytohormones were also chro-
matographed as outlined and used as reference
comparisons to detected activities in the kelp
phytohormonal fractions. All standards and re-
ferences were obtained from Sigma Chemical Co.,
St. Louis, Missouri.
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Fig. I. Flow chart for the preparation of the M. integrifolia kelp concentrate {M} and extract (E).

The M. integrifolia kelp concentrate (M} and its
extract (B) were thawed just prior to being applied
to the crop foliage at 2 and 4L ha™' (kelp con-
ceatrate equivalent) diluted with water 1:500 and
§:250 (W/V), respectively. The 4L ha™' applica-
tions for M and E are referred to as M1 and El and
the 2-1. ha ! applications are referred to as M2 and
E2, respectively. The South African, E. maxima,
kelp concentrate “Kelpak 66" (K) (manufactured

by Kelp Products Lid., P.O. Box 465, Cape Town
8000, South Africa), was applied at 4L ha”',
diluted 1250 {(W/V) with water. The controls {C)
were sprayed with an equivalent volume of water.
All foliar treatments were applied to each of the
plots, described later in the text, using a “Solo”
backpack sprayer on days 21, 36, 50 and 64 after
sowing. Canopy temperatures at the time of spray-
ing were 157, 22°, 23° and Z1°C, respectively.
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1984 Field trial. Kelp (M. integrifolia) was har-
vested on May 14, 1984 using the same methods and
area of kelp harvest described in the 1983 field trial
investigation. Four of the treatments in the 1983
field trial, which included the control, X-pressed
kelp (M. integrifolia) concentrate {applied at 2 and
41.ha™') and the commercial kelp concentrate
“K.elpak 66 (applied at 4 L. ha ") were repeated in
the 1984 field trial. The X-press method and the
storage conditions of the kelp concentrate or mash
{M) were described for the 1983 field inial investiga-
tion. An alternative method, which would be more
appropriate for the commercial manufacture of a
kelp concentrate from M. integrifolia, was also
devised and ficld tested. The alternative method
allowed better control of the particle size of the
concentrate through centrifugal dispersion and
high pressure homogenization of the kelp. The four
step dispersion/homogenization method of produc-
ing the kelp congenirate in this investigation was: 1}
mincing the kelp with 2 meat grinder which reduced
the kelp to a particle size of approximately 1.0cm
in diameter; 2) dissolving the preservative (sodium
benzoate) and buffer (mono-ammonium phosphate
buffer) in water (9 parts kelp slurry to | part water
containing the preservatives and buffer by volume)
and mixing o give a final concentration of 0.1%
preservative and 0.3% buffer; 3) subjecting the kelp
slurry containing the buffer and preservatives lo
high speed centrifugal dispersion (Brinkman
Manual) which reduced and further Hguified the
kelp to particles of less than 1 mm in size; and 4)
subjecting the liquified kelp o high pressure
(25,000 kPa} homogenization using a single stage
homogenizer {(Gaulin Manual) which reduced the
particle size of the kelp fo approximately 50 10
100 um,

This homogenized M. integrifolia kelp or
“SeaSpray” (8) was then bottled and stored at
room temperature (20°C) prior {o its use in the field
investigation. Both of the 3. integrifolic concen-
trates (5 and M) were foliar applied to the crop at
rates of 2 and 4 L ha ~* diluted with water 1:500 and
1:230 (W V), respectively. The S was adjusted to M
equivalent because of the additional water in the
processing procedure. The 4 L ha™! application for
S and M are referred to as St and M1 and the
2L ha™" applications are referred to as 52 and M2.
The South African commercially produced kelp (£.
maxima) concentrate, Kelpak 66, was appled at

4Lha " {K) dituted 1:250 (W/V) with water. The
control (C) was spraved with an equivalent volume
of water. All foliar treatments were appiied to plots
rephicated three fimes within each of two blocks
using a “*Solo™ backpack sprayer at mid-afternoon
on days 14, 28, 42 and 36 after sowing. Canopy
temperatures at the time of spraying were 22°, 20°,
20° and 18°C, respectively.

The plots were located on Reynelda Farms,
Westham Island, Ladner, British Columbia (N
latitute 49°05°; W longitude 123°10°). The soil was
described for a previous keip soil amendment field
experiment (Temple and Bomke, 1988). In 1983
cach plot measured 2.4 x 4.0m {spraying area)
with four rows of inoculated {Rhizobium legumi-
nosarwm biovar phaseolf) bush beans {P. vulgaris ov.
Galamor), spaced 0.6 m apart, planted {o a depth
of 3.5¢cm on June 15, 1983, The total plot area
measured 36.0 x 9.0m with two rows of plots {12
in each) separated by a 1 .0m walkway. A boundary
row of beans separated each of the plot spraying
areas. Plots were split into 4 blocks (2 blocks per
row of plots) using a randomized complete block
design for each of the 6 foliar treatments. AL sowing
soil pH, %C, %N, available (mg kg™ "} P, K, Ca,
Mg, Fe, Cu, Mn and Zn were 4.6, 2.7, .28, 60, 280,
978, 140, 170, 10, 54 and 5.0 respectively. In 1984
the crop was seeded on July 13, 1984, Each plot
measured 4.8 x 6.0m {spraving area} with 8 rows
spaced 0.6m apart with a boundary row placed
between each of the plots. The total plot area was
54.4 x 20.0m with three rows of plots (12 in each)
separated by 1.0 m walkways running between the
length of the plots. At sowing, soil pH, %C, %N,
available P, K, Ca, Mg, Fe, Cu, Mn and Zn (mg
kg~') were 5.6, 1.9, 0.11, 50, 220, 1500, 260, 160,
9.5, 54 and 5.5, respectively. Methods of soil
analysis are discussed later in the text. Prior to
seeding, 200kgha ™' of 0-0-60 was broadeast and
incorporated and during seeding 300kgha ' of
11-51-0 was banded 5c¢m to the side and below the
seed.

At harvest, 8 September 1983 and 29 September
1984, 2.0-m strips were sysiematically harvested
from the middle area of each of the two centre rows
of each plot. The harvested plant material
{combined leaf and stem and marketable beans)
was weighed and randomly sampled for dry weight
analysis using the methods described by Temple
and Bomke, 1988. Measured crop growth respon-




ses at maturity included fresh and dry shoot, leaf
and stem and bean yields, harvest index and fresh/
dry weight ratios.

Statistical analysis. In 1983 plant growth and de-
velopment variables of the samples taken at harvest
were subjected to analysis of variance with freat-
ment means separated into single degree of freedom

comparisons of C w (Ml 4+ M2 + El +
E2+ Ky K w (Ml + M2+ El+ED,
(M1 + M2) w» (EI + E2), (M1 +ED s

(M2 + E2) and M1 + E2) vs (M2 + El). In
1984 plant growth and development variables of
samples taken at harvest were subjected to analysis
of variance with treatment means separated info
single degree of freedom comparisons of C v
M+ M2+ S+ K}, K w (M1 + M2+
St + S, (M1 + M2} vs (81 + S2), (M1 + Sh)
w{M2 + 82}, and (M1 + 852) vs (M2 + S1). Sig-
nificance was at the 5% level and coefficients of
variation (CV) given.

Plant and soil analyses. Kelp samples were analyzed
for total N, P, K, Ca, Mg, Fe, Cu, Mn and Zn
concentrations using methods described by Temple
and Bomke, 1988, The M. integrifolia and E.
maxima kelp concentrates were dried at 70°C for
dry weight determination and ground using a
mortar and pestle. The M. integrifolic phytohor-
monal extract {E) was also analyzed for the above
elemenis by placing 5.00ml {(the equivalence of
10 g of dry kelp) in a digestion tube, drying off the
methanol with a stream of air and then proceeding
with the digestion. All plant elemental concentra-
tions were expressed on a dry weight basis.

Each of the air dried soil samples was analyzed
for pH, %4 C, total %N and available P, K, Ca, Mg,
Fe, Cu, Mn and Zn {mg kg™ !). The methods of
analysis for soil pH, %C, available P and %N were
described by Temple and Bomke, 1988, Available
soil K, Ca and Mg were determined by extracting
5.000 g of soil with 50.0 mL of Morgan’s Extraction
Solution using methods described by Greweling
and Peech (1963). Available Fe, Cu, Mn and Zn
were determined by extracting 10.000 g of soil with
50.0mi. of 6.1 HCI using methods described by
Fiskell (1965). Soil extract concentrations of K, Ca,
Mg, Fe, Cu, Mn and Zn were determined using a
Perkin and Eimer 330 atomic  absorption
spectrophotometer,
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Fig. 2. Foliar ireatments include: control (O); M, htegrifolia
kelp concentrate produced with an X-Press and applied at
4Lba ' {MI1} and 2E ha”t (M2); the M. iniegrifolio phytohor-
monal extract applied at a kelp concentrate weight equivalence
of 4Lha~" (Efyand 2 Lha~! (£2) and the E. maxima kelp kelp
voncentrate applied at ZLka™' (X). Significant conirasts and
coetficients of varistion are given.

Results and discassion

Under 1983 and 1984 field conditions both
methods of producing the M. integrifolia kelp con-
centrate and E. maxima kelp concentrates (8, M
and K}and the phytohormonal extract (E), applied
at @ither 2 or 4L ha™', as a foliar spray, were
effective in increasing fresh and dry marketable
bean pod yields (Fig. 2 and 3). In 1983 the A
imtegrifoli kelp concentrate (M} was more effective
in increasing dry bean pod vields than its phytohor-
monal extract (B).

Cytokinin, gibberellin and auxin-like substances
were detected in the chromatographic fractions of
the M, integrifodia phytohormonal extract (Fig. 4).
Active Rf values for cytokinin (FRACTIONS |
and 1) matched closely those of zeatin (Z) or its
riboside {ZR) and isopentenyl adenine {IPA) and
its riboside (1PAR). Active Rf values for gibbereliin
{FRACTION I) were detected in the broad central
region of the chromatograph 0.4 to 0.8) with the
known gibbereilin GA, chromatographing from Rf
0.5 to 0.7 of this region. Active Rf values for auxin
{(FRACTION I} match closely that of indole-
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1984 BEAN PLANT GROWTH
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Fig. 3. Foliar trestments include: conirol (C) M. integrifoliakeip
concentrate produced with an X-Press and applied at 4 Lha "'
(M) and 2Lha"! (M2); the M. integrifolia kelp concentrate
produced by the dispersion/homogenization method and ap-
plied 2t 4 L. ha"* (S2) and 2L ha "' (82} and the E. maxima kelp
conventrate applied at 2 Lha~! (K). Significant contrasts and
coefficients of variation are given.

acetic acid (IAA). Cytokinin and auxin-like activity
was nof detected in cither of the two discard frac-
tions (FRACTIONS IV and V), although some
gibberellin-like activity was detected.

The effectiveness of the phytohormonal extract
in promoting the bean yields supports, in part, the
thesis that phytohormones or organic compounds
may be active constituents of the M. integrifolia
kelp concentrate. Rescarch efforts directed at
further purification and fractionation of the
various phytohormones using physiochemical
methods of analysis with known extraction efficien-
cies prior to foliar application are warranted.

According to Finnie and van Staden {1985) the
concentration of E. maxima concentrate in
solation, prior to application to tomato roots, is an
important factor controlling the growth regulating
efficacy. & 11108 dilution {kelp concentrate:water)
was inhibitory, while higher dilutions (1:400 to
E600) were growth promoting. Upen chromato-
graphing the £. maxima kelp concentrate these
reseachers were also able to demonstrate that
several growth regulating substances were present
in the concentrate, cach of which elicited different
plant growth and developmental responses.
Featonby-Smith and van Staden (1987} aiso
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Fig. 4. Histograms are the phytohormonal bioassay activities of
the {0 ¢luted chromatograph setions (R} of FRACTIONS L 11
andjor 1M, deseribed in Fig. L. of the M. imegrifolis foliar
extract (B} applied in the 1983 ficid trial. Shaded bars are activity
ievels for the discard FRACTIONS 1V and V and standards (M)
used (BA, benzy! adenine; GA,, gibbercllic acid 3 and 1AA,
mdoleacetic acid). Horizontal bars above the histograms are the
R, regions for the chromatographed standards (2, zeatin; ZK,
Zeatin riboside; IPA, isopentenyl adenine; HPAR, isopentenyt
adenine rtboside; GA,, gibberellic acid 3; 1AA, indoleacetic
acid).

demonstrated differences in barley grain yield com-
ponents (number of ears and number of grains
ear”'} with varying dilutions of the E. maxima
concentrate in solution {1:250 and 1:500 diations).
In this investigation the differences in marketable
dry bean vields between the M. buegrifolia kelp
concenirate {M) and its phytohormonatl extract (E}
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Fable 1. Elemental composition of dry kelp concentrates and foliar elemental application to crop ates

Element Elstnental concentrations of concenfrates Elermental applications 1983 Average
bean
Einit M. integrifolia E. maxima Unit M. integrifodia E. maximg shoot uptake
N Yo 500 326 kgha*!  0.008] Lid 84.4
P %% 0.23 4.3 kg ha”! 00019 Q.15 9.2
K. kA 8§35 33 kg ha”' 0070 0.080 BS
Ca % £2 9.2 kgha™' 0010 0.004 47
Mg Yo 0.82 8,10 kgha™t 00086 0.002 9.4
Fe mg kg! 560 5 gha"t 0460 0.009 620
Cu mg kg"! 4 4 gha™! 0003 0.607 31
Mn mg kg™' 16 3 gha™! 0008 0.005 390
i mgkg! 21 He ght Q017 0.017 99
Pry matter % 6.2 poXi; kgha' 08} 176

may also be related to altered concentrations of one
or more active growth regulating substances. Such
an effect could have been caused by (a) low or
varying exiraction efficiency for particular growth
regulating substances from the concentrate, (b)
omission of growth regulating substances from the
extract, {c) presence of inhibitory substances and/
or (d) deactivation of growth regulating substances
during the extraction procedure.

The E. maxima concentrate was found in this
investigation to have relatively high dry weight N
and P concentrations, while nutrient levels in the
M. integrifolia phytohormonal extract were below
the limits of detection (Table 1}, it is doubtful,
however, that the small quantitites of nutrient
elements applied to the foliage either via the pure
kelp concentrates or “Kelpak 66" would sig-
nificantly contribute to the total shoot mineral
nutrient requirement.

Biunden (1977) examined the clemental com-
position of various kelp extracts and concluded
that the quantities of kelp foliar spray applied
could not supply a significant portion of the annusa!
requirements of macronutrients to a crop, but
could perhaps supply an amount of limiting
nutrient to correct a marginal deficiency only.
Kotze and Joubert (1980) in their investigation on
rye and cabbage concluded that because kelp foliar
sprays were found to he effective only upon soils
which were fertilized, the response could not be
attributed to the mineral nutrition of the kelp.
Finnie and van Staden (1985) have also demon-
strated that the effectiveness of a kelp foliar spray
to promote growth is lost upon ashing of the kelp
concentrate. Although it is doubtful that the
heightened responses obtained from the use of kelp

foliar sprays could be attributed fo the mineral
constituents of the kelp, it has yet {o be demon-
strated that synergistic effects between its mineral
nutrient elements and growth regulating substances
do not exist. Recent investigations have docu-
mented synergistic effects on plant growth to foliar
applications of various elements with phytohor-
mones (Marschner, 1982; Mengel and Kirkby,
1982; Neuman and Nooden, 1983).

Conclusions

Under 1983 and 1984 field conditions both the
M. integrifolia and E. maxima kelp concentrates,
applied at cither 2 or 4Lha"' as foliar sprays in-
creased the vields of marketable beans, A crude
phytohormoenal extract of M. inregrifolia was also
effective in increasing marketable bean vields, al-
though less effective than iis pure kelp concentrate.
Cytokinin, auxin and gibberellin-like substances
where detected in the chromatographic fraction of
the M. integrifolia phytohormonal extract,
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