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Abstract.--1n 1986 an intensive foliar anal ysis programe was
iron and zinc were often found to be

i ntroduced, subsequently, boron,

significantly inproved stock quality.

copper,
| ow or deficient during the growi ng season and lift.
the introduction of mcronutrient soil

The progranme conbi ned

amendnents and foliar sprays and has

| NTRCDUCTI ON

In British Col unbi a,
bareroot nurseries; six ninistry, one conpany
and one private, located in various clinatic
zones. Over the years, the nutrient programmes
and stock standards have changed quite
dramatically with increased demands for |arger
and nore suitable stock types. In 1986,
frequent foliar nutrient analysis programres
were introduced. This has hel ped i n nodifying
fertilizer schedules to suit the different
stock standards.

there are eight

SO L NUTRI ENT LEVELS

Soil types on the nurseries vary from
coarse sands to clay |oams. Fortunately, nost
of the nurseries with the heavier soils are no
I onger in bareroot production. The mnistry
bareroot nurseries are on a three year crop
rotation, with two years of crops and one of
fallow No green manure or cover crops are
grown, which results in good di sease control
but is a poor soil nanagenent practice. As a
result, organic natter levels nust be
mai ntai ned by addi ng peat prior to seeding and
transpl anting. The addition of sawdust in the
fall, to reduce frost heaving, also helps.

Al t hough these practices maintain the | evel of
organi c matter and keeps the cation exchange
capacity (OM) (CEC) at a satisfactory
level, they do not inprove the soil tilth in
the sane way that hurus does.

lpaper presented at the Conbined Meeting of
the Western Forest Nursery Associations, Aug.
8-11, 1988, Vernon, British Col unbia.

2John Maxwel | is a retired Bareroot Extension
Specialist, British Colunbia Mnistry of Forests
and Lands, Wiite Rock, British Col unbia.
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Soi | analysis was only done during the
sumer of the fallow year. The nutrient levels
that were used (table 1) were a nodification of
those established for Douglas fir by van de
Driesche (1969), and further adjustments were
made for the various nurseries as and when
required.

Tabl e 1.--1988 Soil nutrient |evelsl used on B.C.
Forest Service nurseries.

ph % QM 9N P pm K Ca My CEC

Kjeldahl Bray 1 me.q./100g dry soil
5.2 3-8 0.20 100 0.20 5.0 <1.4 15
-5.8 -0.25 - 250- 0.30 -8.0 -20

1These levels were required prior to sow ng
or transpl anti ng.

Macronutrient plant-analysis was only carried
out at the end of the growi ng season on specific
1-0 and the occasional 2-0 seedlots. The 2-0
fertilizer programmes were deterni ned using the
mneral nutrient ratios for seedling tissue
establ i shed by I ngestad (1979).

The pH was maintained at a high level for
forest nurseries, because the fertilizers used
tended to be acidic. During the grow ng season,
a pHof 4.4 was often found in the soils, which
does effect the availability of some nutrients.

The nitrogen (N) levels, although of mgjor
i mport ance, were di sregarded when preparing the
fertilizer programmes because of the nunerous
processes which affect Nin the soils. This
results in too rmuch variation over short
peri ods. Ammoni um sul phate was the main N
source, with ammonium nitrate bei ng applied
occasionally on 2-0 and transplants. The latter



caused a consi derabl e anount of danping off in
1-0 stock.

Phosphorus (P) was naintained at a very high
| evel because a slight reduction at the tinme of
seedi ng considerably reduced the size of the 1-0
and 2-0 stock. There were al so indications that
under certain conditions high P was essential for
the success of sone plug transplants. These
| evel s were of concern, as they do reduce the
availability of zinc (Zn), copper (Cu) and iron
(Fe) (Chaprman 1966). Superphosphate, triple
super phosphat e, di anmoni um phosphat e and
nmonoanmmoni um phosphate were the P fertilizers
used. The anmpunt of nonoammoni um phosphat e
applied prior to sowing was reduced by injecting
or banding it below the seed drill, which also
resulted in a considerably inproved 1-0 stock
quality.

Despi te potassium (K) |evels being
satisfactory or high in some nursery soils
there was often some difficulty maintaining
acceptabl e levels in the seedlings and
transplants (van den Driessche 1977). This
becanme nore pronounced during root w enching
and undercutting. It appears that these two
cultural practices, conbined with frequent
irrigation, reduce the plants' ability to take
up K This may be due to the soil pH the
reduced root area in contact with the soil
root form (Mengel and Kirby 1982) and | eaching
(Duryea and Landi s 1984). Frequent
appl i cations of potassium sul phate are now
bei ng made at these stages of root culture
H gh K soil levels also tend to depress the
upt ake of magnesi um (M) .

Though cal cium (Ca) is essential for good
root and api cal neristem devel opnent, there was
al ways some concern about the effect it had on
the soil pH Wen necessary, Ca was applied as
either limestone or dolomte, and the rates
used depended on the pH

In spite of applications of dolonite
pot assi um nmagnesi um sul phat e and nmagnesi um
sul phate, magnesiumtended to be low H gh K
and Ca soil levels nay induce My deficiency
synptons. The increase in the K supply may
reduce the My content in the foliage. It does
not, however, affect the levels in the roots or
fruit to the same extent, because high K
pronmotes the translocation of My towards fruits
and storage tissues (Mengel and Kirby 1982).
The cal ci um nagnesi um and potassi um magnesi um
rel ati onships are very inportant nutrient
interactions in the production of seedlings.

Sul phur (S) was not a problemin bareroot
production because of the |large anmounts applied
inthe fertilizers

Al the macronutrients were broadcast and
worked into the soil prior to bed shaping
Sonme P was al so injected or banded under the
seed drill at the time of sowing, in the
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spring. Top dressings of the fertilizers were
carried out on all stock types when necessary
during the spring, summer and fall

FOLI AR ANALYSI S FOR MACRO AND M CRONUTRI ENTS

Until recently, little attention was paid
to the mcronutrients because the anal ysis
service was not readily available. Over the
years, visual identification of deficiencies
was made and | ater confirmed by an anal ysis
but there was no nmicronutrient analysis
programe in place. The inportance of conplete
foliar analysis programmes in forest nurseries
are denonstrated by the exanple of boron (B)
increasing the resistance of forest plants to
frost, drought and di sease (Baul e and Fricker
1970) .

In 1986, a new programre was established
allowing the nurseries to carry out foliar
analysis for macro and nmicronutrients during
the growi ng season. This was a tremendous step
forward, although acceptable |evels had not yet
been clearly defined. The nutrient
requirenments and levels in plants vary with the
species (Ballard and Carter 1986) and type of
cul ture (Landis 1985). The levels that are
used for bareroot are not necessarily suitable
for containers. This is because the nutrient
availability varies considerably between
mneral soils and organic mediunms, and is al so
affected by soil tenperatures. There were
difficulties in deciding on acceptable levels
for all species and stock types, because they
vary throughout the plant at different stages
of growth. The levels used are based on trials
conducted at the test nursery near Victoria,
and research carried out to determ ne the best
seedl i ngs based on nor phol ogi cal and
nutritional standards. The currently
reconmended nutrient levels (table 2) are used
Tor all species and stock types

Table 2.--1988 Nutrient Levels

El enent Target % Accept ed
Range %
N trogen 2.0 1.50-3.50
Phosphor us 0. 25 0. 20-0. 40
Pot assi um 1.0 0.80-2.00
Cal ci um 0.35 0.20-1.00
Magnesi um 0. 15 0.12-0. 30
Sul phur 10% of N | evel M ni mum 0. 15
ppm ppm
Iron 100 80-600
Copper 8 4- 20
Zi nc 30 25- 80
Manganese 100 80 and up
Bor on 30 20- 50




When necessary, |arge nacronutrient
applications were made during the late fall and
early spring. In order to acconmbdate vari ous
climatic conditions, the late fall top
dressings were carried out at just about freeze
up in the interior. The early spring ones were
carried out in |late February or early March at
the coast (Mengel and Kirby 1982).

M cronutrients were sonetines applied as soil
anendments with the macronutrients.

During the grow ng season, foliar
applications of P, K Ca, and My, and
mcronutrients were made when necessary. The
rates that were used (table 3) are the | owest
ones that have been used successfully in the
veget abl e i ndustry (Knott 1966) and the
bareroot forest nurseries in British Col unbi a.

Table 3.-- Nutrient Application Rates

Nut ri ent Mat eri al Soi |
and appr ox. Applic.

anal ysi s (kO/ ha)

Fol i ar

Applic.

wat er / ha)

(kg/ 1100 L

Bor on Sol ubor 5 1
(NS2B40;5H,0

20. 5% B.

Li nest one, - -
dolomite,

gypsum

super phosphat e
Calciumnitrate -
(Ca[ NO3] 5, 2Hy)

20% Ca.

Copper sul phate 25 2
(QuS0y,, 5H,0

25. 5% Cu.

Ferrous sul phate 10 2
(FeSOy, 7H,0

20% Fe.

Dol onite - -
20- 45% My.
Magnesi um
sul phat e
(MgSO,, 7THQ
9. 8% My.
Manganese 20 20
sul phat e
(M1SQy, 4H,0
24. 6% Mn.
Agricul tural
Sul phur
Armoni um Sul phur - -
Pot assi um - -
sul phat e and - -
super phosphat e. - -
Zi nc sul phate 10 2
(ZnS0y, 7TH,0O

22. 7% Zn.

Cal ci um

Copper

I ron

Magnesi um

150-200

10- 15

Manganese

Sul phur 100-200 -

Zi nc

Nutri ent deficiency synptons were
consi derably reduced foll owi ng the
impl ementation of the foliar analysis
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programre. Sanples were collected in the early
spring and during the growi ng seasons at 4-6
week intervals until the fall. During that
period, some variability existed due to the
transl ocation of nutrients to various organs;
however, appropriate adjustnents were usually
made during the current grow ng season.

Enough top material was collected to
provide at least 5 grans dried weight of small
seedlings or needles. The tissue was air or
oven dried at 60° C prior to shipping to the
| aboratory, and the results were usually
available within three or four days. This
al l oned renedial action to be taken
i mredi atel y.

Anal ysis indicated that P, K Ca and My
were sonetinmes low. Wile P tended to be
deficient in 2-0 coastal Douglas fir and
sormetimes in | odgepole pine, 1.5-1.5 interior
spruce and 2-0 coastal Douglas fir often
suffered fromK deficiency and occasionally
there were problens at some nurseries with Ca

and M.

Among micronutrients B, Cu, Fe, and Zn,
were the nmain concerns. B and Zn defi ci encies
appeared to be involved in the nulti bud and
| eader, rosette, and donminant bud failure in
interior spruce (Ballard and Carter 1986).
These problens were elimnated or considerably
reduced follow ng the introduction of the
mcronutrient anal ysis and spray progranme.
Normal Iy, a single application was necessary,
but sometines additional treatnents were
required. In the past, many of these problens
were bl aned on stock type, weather and/or
chem cal damage.

I ntensi ve production of bareroot is still
dependent on sound managenent. This is done by
using all available resources including foliar
and soi |l analysis, because the climte,
environment and other factors all have
consi derabl e effect on a crop.

CONCLUSI ON

In British Col unbia, the bareroot nursery
stock types have inproved considerably in the
past few years. One of the major reasons for
this has been the approach to plant nutrition.
The new pl ant anal ysis programe has hel ped to
optimze the plant nutrient status of forest
seedl i ngs.

Wien necessary, the nutrient target |evels
for the various species and stock types will be
updated so that the programme will achieve its
potenti al .
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