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Nutrient Status of Irrigated Forage Alfalfa

R.C. McKenzie!, D.J. Heaney” and L.M. Kryzanowski?

A second objective of the research program was to survey the three crops and determine the
current status of plant nutrition for these crops. This paper will only report on alfalfa.

METHODS

Fieldswere selected random ly. Informationabout previous applications of fertilizer, ageofthe
stand, variety and Irrigation practices were obtained from the farmer, Three samples of 1.14

'Alberta Agric., ASCHRC, Brooks, AB: “Alberta Agric., Soils and Crop Protection Br., Edmonton, AB.
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Soildata from the 0-30 cm depth were compared to Alberta Agriculture soil test guidelines for
determining deficiency. Plant tissue analyses were compared to tissue standards of the Alfalfa
Management Guide published by the American Society of Agronomy (ASA) guidelines
(Undersander et al 1991) and to DRIS standards for midwest USA (Wallworth et al, 1986).

RESULTS

Most of the fields sampled were less than 5 years old (Figure 1). Five years is the normal life
of an irrigated alfalfa field. Only a few high yielding fields were kept beyond six years.

Fertilizer applied

Fertilizer applications are illustrated in Figure 2. Nitrogen other than that provided by
monoammonium phosphate (11-51-0) was used by 34% of farmers at the time of seeding. In
subsequentyears, 9% of the fields received N at rates up to 50 Ibs/acre. More than 50 Ibs/acre
Nwas applied to 2% of fields tested. Nitrogen is generally not recommended for alfalfa. Many
farmers and some agronomists believe it is useful to apply nitrogen to older stands.

Phosphorusfertilizer was notapplied on 28% of fields and minimal or below 50 Ib/acre of P,O;
on 27% of the fields. Another 13% applied more than 50 Ibs/acre P at the time of seeding. A
small proportion of fields (25%) received phosphorus during the life span of the alfalfa. About
29% of farmers add sufficient phosphorus to supply one year’s phosphorus (> 50 1bs acre P,0s
either at seeding or in subsequent years for the crop). Another 7% used manure as a fertilizer
prior to seeding the crop. Yield on fields which had received more than 50 kg/acre P,0
averaged 5.1 t/ha as compared to 4.4 t/ha on fields that received no fertilizer or manure and
4.0 t/ha on fields that had less than 50 Ib/acre P,0;. Manured fields yielded 5.0 t/ha which was
more than most other fields.

Potassium fertilizer was applied to 15% of the fields, however only 2% received more than 50
Ib/acre. Fields receiving more than 50 Ibs/ac K yielded 6.4 t/ac as compared to 4.6 t/ac on fields
receiving less than 50 Ibs/ac K and 4.3 t/ac with no K. A typical crop of 4 T/acre would remove
about 200 Ib/acre/year of potassium. This compares to 23 Ib/acre/year of K removed by 70
bu/acre of wheat when the straw is left on the field.

Micro nutrients were not usually applied to the alfalfa fields tested. The only example was
boron which was applied on 1% of fields.

Soil Test and Tissue Nitrogen Phosphorus and Potassium

Soil test nitrogen was low by Alberta Agriculture standards on 96% of fields and marginal on
27 of fields. Tissue nitrogen, however, was low on only 1% of fields by ASA standards (Fig.
3). Tissue nitrogen was usually higher than midwest USA DRIS values. This adequate level
of tissue nitrogen, despite low levels of soil nitrogen, suggests alfalfa is obtaining sufficient
nitrogen from dinitrogen fixation.

Soil test phosphorus was deficient on 70% of fields and marginal on 11% of fields. Tissue
phosphorus was low on 43% of fields. This discrepancy exists in part because the Miller Axley
test for soil phosphorus does not effectively measure mineral phosphorus left from fertilizer
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Figure 1. Age and yield of alfalfa fields.
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Fiqure 3.

Soil and tissue nitrogen values

compared to Alberta soil and USA
tissue standards.
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(McKenzie et al 1989). Furthermore, alfalfa has an effective rooting depth of 2 to 4 meters
which means it can take up phosphorus at depths that are not available to annual crops.
However, (Fig. 4) neithersoil phosphorus (r’=0.19) or tissue phosphorus (r*=0.05) are closely
correlated to yield.

Figure 4. Soil and tissue phosphorus and potassium and relationship to

Yield (tha')

Yield (tha™)

o N OO ® O

and to Alberta Agriculture soil and USA tissue standards.

Yield vs. Soil Phosphorus

Deficient | Marginal iAdequate
| ®
l i
® M e ¢ ! *
'.:. o ¢ : °:
0., %o | ®
RFa LT
PLLLEN s |
°® { !
® | !
Ll : 1 : ;
10 20 30 40 50
Soil P (ppm) 0-30 cm
Yield vs. Tissue Phosphorus
Low : Sufficient : High
P ° !
s ¢ ° !
Ll f
e |
° .;;?‘v. i
or: 'Y >° ° i
e | !
e | 1
e |
: | : : 1
0.2 0.4 0.6 0.8
Tissue %P

vield
Yield vs. Soil Potassium
10 : .
.Deficient: Marginal : Adequate
@
8+ { i .
= ! et e
g 6 | | @ . i 0.. Y ®
i | { Fovo ° @
o ! % o %% > e o
= A4F ° L B s
f_j r :O ..: r'x.‘.:o..... : !
b :
g ! 1®
O i 1 ' ! £ ! i
50 100 150 200 250 300
Soil K (ppm) 0-30 cm
Yield vs. Tissue Potassium
10 : r
I Low 1 Sufficient 1 High
j i
8k ..‘ i
—~ L !
e s ®:%
E 6+ o. ;¢ :
= X ] R ]
T 4 » "::I‘%“'ue‘ !
@ @ ;.’ Q". !
> €% ¢ !
2f - |
LA ]
OO 1 2 3 4 5
Tissue %K



e W_OihgrfNuiI:ieniS

Sulphurvalues (Figure 5) were sometimes low in su rface (0-30 cm) but were highin subsurface
layers. Calcium values were adequate for all tissue samples and were not determined for soil
samples. Twenty percent of tissue samples were low in magnesium. Magnesium was not
determined on soil samples.

7inc was low on 8% of soil samples and deficient on 8% of plant samples. There was no match
between fields testing low in soil zinc and low in tissue zinc. Manganese was deficienton 13%
of plant samples. Boron was deficient on 9% of soil samples but was not deficient on any plant
samples. No soil samples and 2% of tissue samples tested deficient in copper.

CONCLUSIONS

This survey of soil analysis plant tissue analysis and yields will provide a start for establishing
DRIS standards for irrigated alfalfa in southern Alberta. To complete the project, field
experiments will be needed with nutrients which appear to be a problem. These are
phosphorus, potassium, magnesium, zinc, manganese and boron.

One third of farmers have added nitrogen to the fields tested but this does not appear to be
necessary. The most serious deficiency is phosphorus but a combination of soil and tissue
analysis is required to identify it. Fields that tested deficient in tissue phosphorus were also
deficient in soil phosphorus.

The discrepancy between soil and tissue potassium requires research. Fields which produced .
alfalfa for many years and have not received large applications of manure or potassium
fertilizer may be deficient in potassium. More needs to be done with testing soils and tissue
samples and combining this with fertilizer trials on fields testing low in zinc, magnesium or
manganese to determine if there are economic benefits to fertilization with these nutrients.

Manure is high in phosphorus, has a moderate supply of potassium which alfalfa require and
it is relatively low in nitrogen for most other crop requirements. Manure is also a slow release
fertilizer and when applied before planting will release nutrients over 3-5years. The large and
increasing cattle population in feedlots means that large amounts of manure are available in
some areas. These characteristics make manure an ideal fertilizer for irrigated alfalfa.
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Soil potassium was not deficient on any fields and was marginal on 12% of fields (Figure 4).
Tissue potassium was low on 79% of fields. This means there is a discrepancy between soil
potassium and tissue potassium values. Tissue potassium values were also low when compared
to midwest USA DRIS norms. Low potassium levels may in Alberta be associated with cool
weather during the growing season or high levels of soil calcium or magnesium. A field
program is needed to measure if there is a response to potassium fertilizer on these soils which
test low in tissue potassium. In the Eastern Irrigation District near Brooks, alfalfahasbeen an
important crop for 60 or more years. If a field has grown alfalfa for 30 years without manure
or potassium fertilizer, this could represent removal of 6000 Ib/acre of potassium. However,
no fields tested deficient in soil potassium using current guidelines.

Figure 5. Scil and tissue values compared to Alberta Agriculture soil and
USA tissue standards.
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DRIS SYSTEMS

R.C. McKenzie, J.A. Butt, D. Heaney and L.M. Kryzanowski
Alberta Special Crops and Horticultural Research Center
Brooks, Alberta

There isincreasing interestamong agropom-
jsts in using tissue testing in the diagnosis of
autrient deficiencies and the optimization of
fertilizer applications. Tissue testing holds
the most promise for high value crops that
receive large applications of fertilizer and for
long lasting crops where more fertilizer can
be added.

Most tissue testing techniques are inter-
preted using a sufficiency level approach, i.e.
putrient concentration above a threshold
value signifies that sufficient quantities of
that nutrient are present. The threshold
values are usually specified for a particular
part of the plant ata certain stage of growth.
As a result, the window of opportunity for
diagnosis and correction is narrow. The
sufficiency approach to tissue testing also
tends to consider each nutrient in isolation
and ignore interactions.

An alternative to the sufficiency approach is
the Diagnostic Recommendation Integrated
System or DRIS. First developed in South
Africa by Beaufils (1973) for use on rubber
trees and corn, DRIS has since been refined
mainly by Sumner and others (Wallworth
and Sumner 1987) at Atlanta Georgia and
applied tocorn, alfalfa, soybeans, sunflowers,
wheat and numerous other crops.

Advantages in using DRIS come from the
use of putrient ratios in plant tissue rather
than nutrient concentration in diagnosing
the nutrient status of plants. Nutrient ratios
are less dependent upon CIop growth stage
and can be based on whole plant analysis
which simplifies sampling procedures.
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In the DRIS system, interpretation of nu-
trient ratios is performed by comparing them
to regional averages or DRIS norms. Devel-
oping DRIS norms isnota trivial exercise. A
database must be assembled, factors affec-
ting crop yield defined and relationships
between factors these expressed mathematic-
ally. This usually involves measuring yield
and taking tissue and soil samples from a
number of different fields in a region over a
period of several years before the norms can
be generated.

In 1989, a project was initiated aimed at
developing DRIS norms for alfalfa and
cenhouse cucumbers. In 1990 corn was
added to the list. The objectives also were t0
survey the current status of plant nutrition of
these crops in Alberta and compare this to
conventional nutritional standards.

There were numerous reasons for choosing
alfalfa. Alfalfa is an important crop in the
irrigated areas of Alberta but it has not
received as much nutrient monitoring or
research as the cereal crops. Alfalfa stands
normally last 5-8 years, it is therefore pos-
sible for nutrient deficiencies to develop and
these can appreciably lower crop yield.
There is also a possibility for connection of
nutrient deficiencies within the lifespan of
the crop. The DRIS data developed in
Alberta could also be compared with norms
developed in the Midwest United States.

The reasons for working with greenhouse
cucumbers were also numerous. Itisa high
value crop $600,000 ha? ($250,000 ac’l, 35
acres in Alberta) grown under intensive
management within a narrowly defined and



carefully controlled environment. Alberta
growers are already making use of tissue
sampling. They regularly sample nutrient
solutions, growing media and leaf tissue and
adjust fertilizer programs accordingly. A
recent switch to substrate media, such as
sawdust and rockwool, has forced growers to
carefully monitor nutrient solutions and
adjust nutrient concentrations depending on
stage of growth, plant vigor and light con-
ditions. For example, it is a common prac-
tice to feed a higher concentration of cal-
cium, iron and boron in the early stages of
growth. Once plants begin to set a heavy
fruit load, the calcium, iron and boron con-
centrations are often reduced and potassium
concentration is increased. However, they
use the same range of acceptable tissue
nutrient considerations regardless of crop
growth stage and environmental conditions.
Although nutrient solution analysis is com-
mon when substrates are used, many cucum-
ber growers continue to use tissue analysis as
a guideline for adjusting fertilizer programs.

Furthermore, Alberta greenhouses are sub-
jected tomore intense light than most green-
houses at comparable latitudes in areas such
as Eastern Canada the United Kingdom and
the Netherlands. Nutritional requirements
for optimum cucumber growth in Alberta
may be different from these other regions
where most of the nutritional information
has been developed.

Corn is a crop that is heavily fertilized. Corn
producers often apply fertilizer during the
season by means of fertigation and some use
tissue testing. DRIS standards for corn are
available from several areas of the USA.
Data collected in southern Alberta will be
compared to DRIS standards developed in
the midwest USA.

If workable DRIS norms can be developed,
the next step would be to package the data-
base in a user friendly format for personal
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computers and make the software available
to producers. That is still a year or two away.
In 1991 the DRIS program received funding
from the Alberta Corn Committee.

Methods
Alfalfa

The number of alfalfa fields sampled in 1989,
1990 and 1991 respectively were 23, 11 and
22. In 1989 and 1990 the fields sampled were
in the eastern irrigation district and in 1991
the sampling area was extended 60 km fur-
ther south to include the Bow Island area.

Forage samples consisted of three 1.14 m®
squares. They were taken in the early blos-
som stages, oven dried at 40-60°C and weig-
hed to determine yield. Tissue subsamples
were analyzed to determine macro- and
micronutrient content. Eight soil samples
were taken to a depth of 1.20 m with a king
tube and analyzed for soil moisture, particle
size, EC, pH, NO,;-N, NH-N and other
macro- and micronutrients. Data on the
variety, age of the stand, previous fertilizer
applications and irrigation practices were
recorded.

Grain and Forage Corn

In 1990 and 1991 respectively, 9 and 11 grain
corn fields, 10 and 17 forage corn fields were
sampled. The fields were in the Bow Island,
Taber, Vauxhall, Hays, Brooks and Jenner
areas. Tissue nutrient levels are compared to
midwest USA DRIS norms. Seil nutrient |
values are compared to Alberta Agriculture
adequate, marginal and deficient limits.

Tissue and soil samples were collected when
labor was available. In 1990 the forage corn
was sampled from July 13-17 and the grain
corn from August 3-8. In 1991, tissue and
soil samples were collected from forage corn



from August 1-14 and the grain corn from

nutrient values (right hand y-axis) are shown
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August 2-14. Analysis on leaf tissue and soils
was similar to that performed on alfalfa.
Information on previous cropping and fer-
tilizer applications was collected for each
field.

In September the same portion each of the
field was sampled to determine yields. ASm
portion of row of forage corn wer harvested
and weighed and a subsample was dried to
determine forage yield. For grain corn, cobs
from a 10 m portion of row were harvested,
dried and threshed to determine grain yield.

Cucumbers

Crops of long English seedless cucumbers
from 18 greenhouses in the Medicine Hat
and Redcliff areas were sampled in both
1990 and 1991. Leaf tissue samples were
collected every 2 weeks from mid-March
until July and soil or nutrient solution sam-
ples were taken every 4 weeks. Yields from
each greenhouse were determined through-
out the season from the growers marketing
records and the greenhouse size.

Results and Discussion

Graphs were developed for yields, macro-
and micronutrients, soil EC, available soil
moisture, age of the stand and a pumber of
nutrient ratios. A sample of graphs for
alfalfa (Fig. 1-10) and corn (Fig. 11-23) is
included in this report. Tissue analyses from
alfalfa for 1989 and 1990 and corn for 1990
and 1991 were compared with yields to DRIS
standards for the mid-west USA. Alfalfa
tissue nutrient levels from 1991 were com-
pared to nutrient sufficiency standards es-
tablished for alfalfa by the American Society
of Agonomy (USA). Soil analysis for alfalfa
and corn were compared to Alberta Agricul-
ture soil test adequate, marginal and defi-
ciency limits. In the figures, fields are rank-
ed according to yields (left hand y axis) that
are shown by a bar graph. Soil and tissue
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on the figures by an asterisk (*).

Alfalfa

The average age of the alfalfa fields was 4.0,
2.1 and 2.2 years in 1989, 1990 and 1991,
respectively (Fig. 1). The reason the average
age declined is likely due to winterkilling of
older fields and declining hay prices in 1990
and 1991 which made it less attractive to
keep older alfalfa fields.

Tissue nutrient standards in the 1991 figures
were compared to American Society of
Agronomy (USA) nutrient sufficiency stan-
dards for alfalfa. In 1989 and 1990 they were
compared to midwest USA alfalfa DRIS
norms. Soil nutrient values were compared
to Alberta Agriculture adequate, marginal
and deficient limits.

Tissue nitrogen was normal or above normal
on all alfalfa fields (Fig. 2). Soil nitrogen
was deficient on 98% of fields. This in-
dicates nitrogen deficiency is not a problem
and that the crops must be obtaining ade-
quate nitrogen by dinitrogen fixation since
soil nitrogen is low. This may also indicate
southern Alberta irrigated alfalfa fields have
a higher protein content than alfalfa pro-
duced in the USA. More analysis of forage
samples in addition to tissue samples needs
to be done to confirm if this is so.

Tissue phosphorus by USA sufficiency limits
was low on 32% of fields sampled over 3
years (Fig. 3). Soil phosphorus was deficient
on 67% and marginal on 22% of fields sam-
pled. Alfalfa fields usually receive phos-
phorus fertilizer only at the time of seeding.
The soil phosphorus test used in Alberta
does not do a good job of recognizing fer-
tilizer phosphate remaining in the soil. This
may explain why more than twice as many
fields tested deficient in soil phosphorus than
low in tissue phosphorus. All fields that



tested low in tissue phosphorus also tested
deficient in soil phosphorus. More work is
needed to confirm why the soil phosphorus
test is frequently indicating a deficiency
which is not present.

Tissue potassium was low by USA sufficiency
limits on 71% of all alfalfa fields (Fig.4).
When tissue potassium was compared to
midwest -USA DRIS norms, 34% of fields
are more than 1 standard deviation below
and no fields are more than one standard
deviation above these norms. Soil potassium
by Alberta Agriculture standards was mar-
ginal on 7% of fields and adequate on 93%.
Potassium fertilizer trials need to be done on
these fields with marginal soil potassium and
the many fields that test adequate in soil
potassium and deficient in tissue potassium.

Tissue zinc tested low on 9% (5 fields) of
alfalfa fields by USA sufficiency standards
but was not low on any fields when compared
to DRIS norms (Fig 8). Of the 5 fields that
tested low 2 were the highest yielding fields
in 1990 and 1991. By Alberta soil test stan-
dards 45% of fields test marginal and 11% (6
fields) test deficient in zinc. There is only
one field that tests deficient in both tissue
and soil zinc. Agreement is poor between
tissue and soil zinc tests but there does not
appear to be a major problem with zinc
deficiency.

Tissue copper is low on 4% of fields tested
by USA sufficiency limits and Georgia DRIS
norms (Fig. 9). All of the fields tested had
adequate amounts of soil copper. In 1990
and 1991 tissue boron was normal by both
USA sufficiency limits and by midwest USA
DRIS norms (Fig. 10). Soil manganese is
adequate by Alberta Agriculture standards
on all fields in 1990 and 1991.

Grain and Forage Corn
Soil nitrate nitrogen was deficient on 93% of

all corn fields in 1991 and 21% of all corn
fields in 1990 (Fig. 11). Tissue nitrogen was
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below the midwest DRIS norms on 100% of
forage and 82% of the grain corn fields in
1991. This was similar to 1990 results (Fig.
12). July rainfall was above normal in 1991
which would have caused leaching of soil
nitrogen and reduced the opportunity of
farmers to add nitrogen through their ir-
rigation systems. Total soil nitrogen (nitrate
+ ammonium N) from 0-60 cm is adequate
or above 15 ppm on 29% of fields. Two
fields which have 96 ppm and 70 ppm total N
are excessively high and liable to appreciable
losses of N by leaching.

Soil phosphorus was deficient on 36% and
marginal on 32% of corn fields in 1991 (Fig.
13). Soil phosphorus was similarly low in
1990. Tissue phosphorus was more than
0.5% below the midwest USA DRIS norms
on 75% of corn fields in 1991 and 89% of
corn fields in 1990. There is little relation-
ship between tissue phosphorus and soil
phosphorus.  High soil phosphorus fre-
quently occurs on corn fields with lower than
average yields. High tissue phosphorus
usually occurs on corn fields with above
average yields.

Tissue potassium was more than 0.5% lower
than midwest USA DRIS norms on 18% of
grain corn fields and 94% of forage corn
fields in 1991 (Fig 14). In 1990 most of the
corn fields were more than 0.5% lower in
potassium than midwest USA DRIS norms.
By Alberta Agriculture standards soil potas-
sium was never deficient but was marginal on
25% of corn fields in 1991 and 21% of corn
fields in 1990.
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Age of stand and soil EC vs. yield of alfalfa.

Figure 1.
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Figure 3.

Tissue phosphorus and soil phosphorus vs. yield of alfaifa.
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Tissue Nitrogen & Yield of Alfalfa
In southern Alberta 1991
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Figure 4.

Tissue potassium and soil potassium vs. yield of alfaifa.
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Figure 5.

Tissue Nitrogen/Phosphorus & Yield of Alfalfa

in southern Alberta 1991
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Tissue nitrogen to phosphorus and nitrogen to potassium ratios vs. yield of alfalfa.

Tissue Nitrogen/Potassium & Yield of Alfalfa

0 \]!l

in southern Alberta 1991

{_ Midwest USA Norm

| ]i
is1»|.;,;..;s§§s.,;.

|
|

1820222198 7122 8 4153 191711 1 % 8 14 5 13 10
Field Numbers

3

25

05

Tissue Nitrogen/Potassium & Yield of Alfaifa

12

Yield (t/ha)

in the Eastern irrigation District 1920

* *
¥ [ a— * X i
- *
* Midwest US*Ag Norm
i H ki ! b | i 1 1 i
8 7 s 3 8 4 1 9 11 10

Field Numbers

3

25

15

95

Tissue Nitrogen/Potassium & Yield of Alfalfa

12

10

Yield {t/ha)

in the Eastern lrrigation District 1988

- * % .
* *
L * 4 ® gk
ooy * * * e
* * Fe *
— * *
Lbel| 1 s
| *
— Midwest USA Norm
H ! 1 i | . 1
o
0 t )
[BIERIERINNIRRIERIRNIERIENIREINRIS! " INARRIARIARIENIE!
2234 31713810209 21 6 14 5 152218 11191617 12

Field Numbers

3

25

* Nitrogen/Potassium

@
o

=]

* Nitrogen/Potassium

* Nitrogen/Potassium



Figure B.’

Tissue zinc to phosphorus and phosphorus to potassium ratios for alfalfa.
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Figure 7.

Tissue Calcium & Yield of Alfalfa
In southern Alberta 1991
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Figure 8. Tissue zinc and soil zinc vs. yield of alfaifa.
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Figure 9. Tissue copper and soil copper vs. yield of aifalfa.
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Figure 10.

Tissue Boron & Yield of Alfalfa

Tissue boron and soil manganese vs. vield of alfaifa.
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So0il EC and scil nitrate vs. the yield of grain and forage corn.

Figure 11,

Soil EC & Yield of Forage Corn

Soil EC & Yield of Grain Corn
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Tissue nitrogen and soil nitrate and ammonium nitrogen vs. the yield

of grain and forage corn,

Tissue Nitrogen & Yield of Grain Corn

Figure 12,

Tissue Nitrogen & Yield of Forage Corn

in southern Alberta 1991

in southern Alberta 1991

UsBORIN % »

£ o 8
r.w " Sm.w’\luﬂl‘mw““lmml” ®
M * ~,é|]x”Ho|‘|||l,x.vll.!.!l‘ ——— ”
3 e
w * T = e
.N [ d e
W — * -
[T 'S
B o
[ qe
[ Py q-
[ * 1
* BE
_ * .
£ * e
[ * R
1 L L
o 2 » °©
{eun) plais
usBomN %
m L]
S
Z
L
3]
2
a
5 —
M # ~ -

I

‘
3

1
7

1"

10

(eun

) pisIA uedD

Fieid Numbers

Field Numbers

Tissue Nitrogen & Yield of Forage Corn

Tissue Nitrogen & Yield of Grain Com

in southemn Alberta 1990

in southern Alberta 1990

ueBoIuN % «

Midwest USA Norm

4

Fieid Numbers

10

pL 0 o

)

(rUn) ploIA

UBBOIIN % «

Midwest USA Norm

e

=

© - ~ ]

(eup) plaIA LD

] &

7

Field Numbers

Total Seil Nitrogen & Yield of Forage Comn

Total Soil Nitrogen & Yield of Grain Corn

in southern Alberta 1991

in southern Alberta 1991

wo 09-0 (wdd) usBoiN 1ejol «

8 ] ? 8 & 2 °

T T T T LA A

3 02

8

(
|
|
|

Total Soil Nitrogen & Yield of Forage Corn

IIE 3
2

*
i
13 15 9

*
14 18 & 17 13 1@ 1

i
w

=io

{eun) praiA

wo 0g-0 (wdd) uefionN felof
8 ! 4 8 R e o

L L T T T

E
10

L3 - ~ o

(eup) piotp uein

Field Numbers

Field Numbers

Total Soil Nitrogen & Yield of Grain Corn

in southern Alberta 1980

in southern Alberta 1990

wa 09-0 (wdd) ueBonn 1eio)
8 b4

i il
“ e w o

{eun) plata

wo 09-0 (wdd) ueBosyN jel01. «
8 b ? 8]

T T T T T

L
|
' |
B
|
!
|
a
7

{eu/) plBIA Utes

Fieid Numbers

Field Numbers

43



-

Grain Yield (t/ha)

Grain Yield (t/ha)

Grain Yield (t/ha)

Grain Yield (t/ha)

Figure 13.

Tissue Phosphorus & Yield of Grain Corn
in southern Alberta 1991
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Tissue potassium and soil potassium vs. the yield of grain and forage corn.

Figure 14,

Tissue Potassium & Yield of Forage Corn
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in southern Alberta 1891

Tissue Sultur & Yield of Forage Corn
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Tissue suiphur and soil sulphate suiphur vs. the yieid of grain atfftfTorage corn.
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Figure 16. Tissue calcium and soil calcium vs. the yield of grain and forage corn.
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Figure 17. Tissue magnesium and soil magnesium vs. the yield of grain and forage corn.
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Figure 19. Tissue copper and soil copper vs. the yield of grain and forage corn.
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Tissue boron and soil boron vs. the yield of grain corn and forage corn.

Figure 20.

Tissue Boron & Yield of Forage Corn
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Tissue manganese and soil manganese vs. the yield of grain corn and forage corn.

Figure 21.

Tissue Manganese & Yield of Forage Corn
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Figure 22. Tissue zinc to phaosphorus and copper to phosphorus ratios vs. the yield

of grain corn and forage corn.
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Tissue nitrogen to phosphorus and nitrogen to potassium ratios vs. the

yield of grain and forage corn.

Tissue Nitrogen/Phosphorus & Yield of Grain Corn

Figure 23.

Tissue Nitrogen/Phosphorus & Yield Forage Corn

in southern Alberta 1991

in southern Alberta 1991

snioydsoyd/usBomn «

T T
18
€ .
o
pd -
% w
U w
@
@ Y
3 -
S 1a O
-5
e 2
* 29
( -2
[T
i e
_. * ©
[ ' T e
— % -
[ * e
_ . b
1 H i
w vy m wy o
{eun) pain
snioydsolyd/uabonN «
TY 2 4 6 e & o
i T T T T . T T
"E
(]
pd
o
5]
2
i
@
2
he]
=
*
w
@
_ e e

0

©

{(BUN) PIBIA URID

Tissue Nitrogen/Phosphorus & Yield Forage Corn

Tissue Nitrogen/Phosphorus & Yield of Grain Corn

in southern Alberta 1930

in southern Alberta 1990

snioydsoy/uaBoN .

Midwest USA Norm

*
4

;
8

Field Numbers

ey
L
8

* -1

i 1

£=3 w o

Am_,h\;.lgm;

15

srioydsoyd/usboiuN «

2
- 10

Midwest USA Norm «
—
|
i
1
5

t 1 1 1

10

L © - o~ o

(eu/t) prat utesn

Field Numbers

Tissue Nitrogen/Potassium & Yield of Forage Corn

Tissue Nitrogen/Potassium & Yield of Grain Corn

in southermn Alberta 1991

in southern Alberta 1991

WNIsse}od/uabomN «

W

o o ~ - - S ©
T T T SRR LN
* =
* q_m 4
Mjnt * -
E -
_* ~
_Tuw -
[ @
* | R
[ * 1-
[ % 1@
[ L 1%
HE 4=
[ * -
[ e
[ * 1
R " e - °
{eu/t) pratA
wnissejod/uaBoiN «

. WidWBSTIUSA Norm «

&

*

10

o 3 - o~

(eufs) piatA uress

Field Numbers

Field Numbers

Tissue Nitrogen/Potassium & Yield of Forage Corn

Tissue Nitrogen/Potassium & Yield of Grain Corn

in southern Alberta 1990

in southern Alberta 1990

wnisseiod/usBoliiN «

o « n

£

Kl

=

_‘ —m.m .*ll, T
*_ b
d
4 i
_ v

T T S

(eyn) pre1A

winissejod/usbonN «

Midwest-USA Norm

10

(euft) piaIA uiRID

Field Numbers

Fisld Numbers

54



