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Planté were harvested just ébdve the soil surface, dipped

in deionized water for approximately one minute, and dried
in ciosed paper Sags in a forced air oven at 85° ¢ for 40
hours. Upon removal from the oven, the bags were placed in
desiccators and cooled before weighing. Total shoot dry
matter production was estimated by subtracting from those
welghts the weight of the paper bags after having been emp-
tied and redried at 85° ¢ for 2 hrs. Dried élant samples
were fragmented by hand in the case of flax or ground in a
salad processor having stainless steel and plastic parts for
all other crops and stored in paper envelopes until ana-

lysis.

3.2.3 Plant Analyses

‘Two g of air dry plant material were digested in an acid
mixture comnsisting §f 10.0 ml conc HNO? and 5.0 ml 70% HClO4
using a micro-Kjeldahl apparatus. The ash was filtered
through Whatman #42 filter paper into 25.0 ml volumetric
flasks, and diluted to volume Wiéh deionized water. Copper,
Mn, 2Zn and Fe vwere determined by aspirating soiution
directly from the volumetric flasks into a Perkin-Elmer 303
Atomic Absorption Spectrophotometer. Calcium, Mg, and K
were determined by taking a 1-ml aliquot from a volumetric

flask, adding 2.5 ml of a 2500 ppm LiNO_, solution, diluting

3
to 25.0 ml with deionized water and aspirating the diluted
solution into a Perkin-Elmer 303 Atomic Absorption Spectro-

photometer.
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Plant P was deterﬁined By the method of Stainton et al
[110] using a 0.5 ml aliquot from original diluted digest.
Plant S was determined by a BaSOI4 turbidometric method in
which a 1-ml aliquot from the original diluted digest was
added to 24.0‘m1 deionized water and 3.0 ml acid "seed"
solution. The acid "seed" solution contained 50 ppm S in 6N
HC1l which enabled formation of sufficient BaSO4 precipitate
for the sensitivity of the method. One g Ba012.2H20 was
then added and the turbidity measured after a reaction time
of 5 minutes wifh a Cecil Instrgments 202 Ultraviolet Spec-
trophotometer at 420 nm. Plant N was determined from a
separate sample using a modification of the Kjeldahl method
given by Jackson [48] in which the catalyst mixture con-
sisted of 0.3 g Cqu4 plus 10.0 ¢ K2804 and 1.0 g air dry

ground plant tissue was used.

3.3 RESULTS AND DISCUSSION

3.3.1 Soil Characteristics

Chemical and physical properties of the soils used in
experiments 1 and 2 are listed in Table 3. Bulk density of
the soil in the field was 0.13 g/cms, about one tenth as
largé as the bulk density of a typical mineral soil. It
should be noted that soil in the pots was also packed to a
bulk density of 0.13 ‘g/cm3. \Coﬁparisons between total

potentially available macronutrients and maximum total

macronutrient amounts taken up into plant shoots (Table 4)
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TABLE 3
|

Soil characteristics and available nutrients for growth
chamber experiments

Bulk density

Weight of soil
per pot

Pore space at
"field capacity"

Volumetric water at
"field capacity"

growth chamber growth chamber
experiment #1 experiment #2

Terric Mesosol
0.13 g/cm3

548.6 g
0.10 g/cm>

0.76 ml/cm3

pH 6.0 6.1
Condﬁctivity (mmho) 1.0 1.1
NO,-N (ug/g) 361 307
PO, -P (ug/g) 24.2 19.2
50,-5 (ug/g) 677 1025
Ca (exchangeable mg/g) 0.93 0.92
Mg (exchangeable mg/g) 0.34 0.36
K (exchangeable ug/g) 286 271
Cu (DTPA extractable ug/g) 0.6 0.8
Mn (DTPA extractable ug/g) 7.5 | 7.5
Zn (DTPA extractable ug/g) 5.6 - 5.6
Fe (DTPA extractable ug/g) 184 185

indicate that the soil was deficient in N, P, K, and perhaps-

Ca and Mg but was capable of supplying mofe than enough S.
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TABLE 4

Comparison between total potentially available nutrient and
the maximum nutrient uptake in each experiment in the growth

chamber
Nutrient Experiment Available Fertilizer Maximum Crop
number Nutrient added uptake

(mg/pot) (mg/pot) (mg/pot)

N 1 198 998 695 barley
N 2 168 1336 832 rapeseed
P 1 13 63 51.8 barley
P v 2 11 126 84.2 flax
K ’ 1 157 426 400 oats
K | 2 -145 850 480 rapeseed
] | 1 371 174 130 odts
S 2 562 349 170 rapeseed
Ca 1 510 —-——— 160 oats
Ca 2 - 505 - 670 rapeseed
Mg 1 187 ——— 220 oats
Mg - 2 _ 197 —-—— 340 rapeseed
Zn 1 andv2 3.1 - 0.63 rapeseed
Mn‘ 1 and 2 4.1 - 5.8 flax
Fe 1 and 2 102 - 1.34 flax

However, with the possible exceptions of Ca and Mg, supple—'

mental nutrients more than filled the voids. Calcium and Mg
may have been deficient and there may not have been suffi-

cient P and K to satisfy uptake into roots. But, it will be
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seen later tﬁat all plants recieving Cu were very healthy
suggesting thét no serious deficiencies in nutrients‘otﬁer
than Cu occurred. The DTPAVextractable g0il micronutrient
levels can not be assessed at this time, since the bulk den-
sity of this soil was very low and since the extracting
solution-soil éatio was different than that used by Lindsay

and Norvell [62].

3.3.2 Visual Cu Deficiency Symptoms

Copper deficiency symptoms occurred in all 5§ crops when
no Cu was added. . Deficiency symptoms also occurred in the
2.9 and 5.8 ug Cu/g treatments for barley, oats and wheat as
well as in the 11.5 ug' Cu/g treatment for wheat. In the

cereal crops, the leaf blades bent down at approximately

right angles near their tips and became grayish along the .

leaf margins from the bent areas to the leaf tips. Later,
those regions of the leaf blades became necrotic beginning
along the leaf margins. The symptoms did not vary appreci-
aﬁly among the various cereal crops although the affected
areas of the oat leaf blades tended to be more whitish than

grayish.

Deficiency symptoms iﬁ flax receiving no Cu were evident
virtually from the. time. of . emergence until. harvest. The
first symptom was interveinal chlorosisvana a few days after
emergence/stunfing wasnoticeable in the 0.0 Cu treatment.

In addition, leaf blades on the chlorotic plants were at
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angles greater than 90° to the stems, compared’ to non-
chlorotic leaf blades ‘which were about 90° to fhe stem.
Treatments 2 to 6 ‘eventually developed some degree of
interveinal chlorosis. The lower leaves'on.the older stalks
of treatments 1 to 3 eventually became necrotic (Figure 1).
Thevappearance of Cu deficiency symptoms in‘treatmenfs 1 to
6 suggest thét »the flax was very susceptible to Cu

deficiency.

Rapeseed treatments 1 and. 2 exhibited interveinal
chlorosis shortly afte; .emergence although only rapeseed
recelving no Cu retained any visual deficiency symptoms.
However, flowering was delayed slightly in treatments 2, 3
and 4. Copbér ”déficiency symptoms in rapeseed included
larger than normal leaves and compressed flower infloresence

(Figure 2, 3 and b4). Addition of 2.0 ug Cu/g soil was

sufficient to alleviate visual deficiency symptoms in

rapeseed (Figure 4). Therefore rapeseed appeared to be very

tolerant of Cu stress.

3.3.3 Dry Matter Yields and Plant Cu Concentrations

Yield and plant nutrient concentrations are shown in
Tables 5 through 34. Within each vertical column numbers
followed by the same letter are not significantly different
at the 5% level according to Duncans multiple range test

{30]1.
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3Q3.3.1 Bariey
Barley shoot dry matter yield (Table 5) increased signi-
fic;ntly with the addition of up to 5.8 ug Cu/g soil. How-
ever, addition of more than 5.8 ug Cu/g soil did not further
increase yields. This was consistent with appearance of .
visual deficiéncy‘symptoms in only treatments 1 and 2. 1In
contrast to dry matter yield, both Cu concentration and Cu

uptake increased with every increment of supplemental Cu.

Dry matter yield of barley shoots is plotted Egainst the
corresponding shoot Cu concentration for each pot in Figure
5. No further yield increases occurred when barley shoots
contained more than 3.7 ug Cu/g plant material suggesting
that Cu sufficiency occurred at the higher rates of Cu addi-
tion. Thus, the curve could be used to elucidate Cu nutri-

tional status of barley.

Shoot Cu concentrations in excess of 3;7 ug Cu/g were
considered as sufficient for normal growth. The shoot Cu
concentration was 2.3 ug Cu/g when dry matter yield was 15%
lower than maximum. Copper concentrations below 2.3 ug Cu/g
were considered as deficient whereas concentrations between

2.3 and 3.7 ug Cu/g plant material were considered as low.

Akinyede [2] found the Cu critical level for this same
variety of barley to be 5.2 ug Cu/g plant material which 1is
considerably higher than the levels in the current study.

Reasons for the discrepancy are not at all clear.
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TABLE 5

Effect of CuSO, rate upon dry matter yield, Cu concentration
ané'Cu total uptake of barley shoots

Dry A Cu Total Cu

ug Cu/g matter conc uptake into
oven dry y yield in shoots shoots
soil (g/pot) (ug/g) (ug/pot)
0.0 13.7 ¢ l.4 g 20 g
2.9 22.4 b 2.0 £ 45 £
5.8 26.0 a 2.9 e 86 e
11.5 26.3 a 4.1 d 110 d
23.0 27.4 a 4.7 ¢ 130 ¢
46.0 27.0 a 5.5 b 150 b
92.0 27.0 a 6.5 a 170 a

TABLE 6

Effect of CuSO, rate upon dry matter yield, Cu concentration
and Cu total uptake of oats shoots

Dry " Cu Total Cu
ug Cul/g matter conc uptake into
oven dry yield in shoots shoots
soil (g/pot) (ug/g) | (ug/pot)
0.0 11.0 ¢ 1.2 e 14 £
209 27.3 b 1.3 e 36 e
5.8 28.8 b 1.5 e 43 e
11.5 32.8 a 1.9 d 63 d
23.0 31.7 a 2.6 ¢ 84 ¢
46.0 34.5 a 3.1 b 110 b
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1. Each curve in this study was obtained by regression analysis
and the local maxima of the trinomial function was designated
as the maximum dry matter yield of each CTop.
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However, it 1is entirely possible that only the very uppér
portion of the Cu response curve was present in Akinyede’s
stuay which would over estimate the Cu critical level. The
‘lack of Cu dgficienéy symptoms when no Cu was applied would
support the conclusion that only the upper portion of the

response curve was present.

3.3.3.2 © Oats

Oat shoot dry matter yield (Table 6) inc;eased substan-
tially with the. addition of 2.9 ug Cu/g soil. Although
addition of 5.8 ug Cu/g soil did not increase yield abpve
that of 2.9 ug Cu/g soil, a further significant yield
increase was obtained with the addition of 11.5 ug Cu/g
soil. No further yield increase occurred above ll.g ug Cu/g
soill. Visuél symptoms of deficiency were alleviated with
the addition of 5.8 ug Cu/g soil although yield increased up

to 11.5 ug Cu/g.

Plant Cu concenFration did not increase until 11.5 ug
Cu/g soil were added. However, eachvincrement of supplemen-
tal Cu above 11.5 ug Cu increased shoot Cu concentrations.
Tﬁe lack of increase in plant Cu concentration when 2.9 and
5.8 ug Cu/g soil were added likely resulted from dilution
sincé dry matter yield.increased greatly.at .lower levels of
Cu addition. Totél Cu uptake into oat shoots increased with
each increment of supplemental Cu with the exception of that

treatment receiving 5.8 ug Cu/g soil.
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The graph of dry matter . yield veréﬁ; shoot Cu
con;entration (Figure 6) sﬁggests that tissué Cu concentra-
tions greater than 2.5 ug Cu/g plant material were suffi-
cieht for normél growth. A shoot Cu cdncentration of 1.7 ug
Cu/g was consideréd to be the upper limit of deficiency.
Copper concentrations between these two limits were consid-—
ered low. - These valugs are quite consistent with literature

values although the sufficiency level in this study was

slightly lower than reported by Gupta and MécLeod [43].

3.3.3.3 Wheat

Dry matter yield of wheat shoots (Table 7) was consider-
ably lower than barley and oat yields when no Cu was added
suggesting that wheat was more susceptible to Cu deficiency
than barley or oats. As might be expected, the first incre-
ment of supplemental Cu resulted in a very large increase in

wheat shoot yield. Although wheat shoot yield did not

increase with every increment of supplemental Cu, the high-

est Cu level, 92 ug Cu/g soil, resulted in a yield which was

significantly higher than that for 11.5 ug Cu/g soil.

Therefore it was possible that the Cu sufficiency level was

not reached. Visual deficiency symptoms were eliminated
however wifh the 11.5 ug Cu/g soil treatment. Similar to
the results for oats, tissue Cu concentration did not change
significantly until 11.5 ug Cu/g soil was added. Addition
of 23.0 and 46.0 ug Cu/g soil resulted in further increases

in plant Cu concentrations, although there was no increase
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Effect of CuSO, rate ﬁpoﬁ dry matter yield,'Cu,concentration

TABLE 7.

ané Cu total uptake of wheat shoots

Dry

ug Cu/g matter

oven dry yield
soil (g/pot)
0.0 1.8 e
2.9 14.9 d
5.8 21.8 ¢
11.5 28.3 b
23.0 29.5 ab
46.0 31.6 ab
92.0 33.8 a

Effect of CuSO, rate upon dry matter yield, Cu concentration

conc

(ug/g)

TABLE 8

Total Cu
uptake into
shoots

(ug/pot)

and Cu total uptake of flax shoots

Dry
ug Cu/g matter
oven dry yield
"soil (g/pot)
000 0-9 e
2.0 2.1 de
4.0 5.0 d
8.0 9.6 ¢
16.0 13.3 b
32.0 16.8 a
64.0 19.5 a

conc

Total Cu
uptake into
shoots

'(ug/pot)
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through the addition of 92.0 ug Cu/g soil over-that obtained-
with 46.0 ug Cu/g soil. Total Cu uptake increased signifi-
cantly with each increment of supplemental Cu up to the 46.0
ug Cu/g soil. The uptake of Cu when 92.0 ug Cu/g soil were
added was not significantly greater than'that obtained when

46.0 ug Cu/g soil were added.

Dry matter yield of wheat shoots is plotted against shoot
Cu concentration in Figure 7. Unlike the four other crops
dry matter yield continued to increase with increasing plant
Cu concentration. The absences of visual deficiency symp-
toms‘with the 11.5 ug Cu/g soil treatment as well as the
high yields that were obtained, approximately double those
of Akinyede [2], led to the assumption that no further yield
increase would be expected at Cu levels above the 4.9 ug

Cu/g.

This assumption placed the lower limit of sufficiency at
4.9 ug Cu/g. The upper limit of deficiency or the plant Cu
concentration corresponding to a yield 15% below the maximum
yield would.be 3.0 ug Cu/g. Wheat shoot Cu concentrations
between 3.0 and 4.9 ug Cu/g were considered as low. These
nutritional levels are high compared to Gﬁpta and MacLeod’s
[43] optimum level of 3.2 - ‘3.3 ug Cu/g plant material but
are in excéllent agreement with those of Melsted et al [70]

who reported a critical level from field samples of 5 ug

Cul/g.
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3.3.3.4 Flax
Dry matter yield of flax shoots (Table 8) increased from
0.9 g/pot for the check treatment to a maximum of 19.5 g/pot
for the 64.0 ug Cu/g soil treatment. Yields of flax
increased more as a function of the level of supplemental Cu
than for any of the other crops in the study. The dry mat-
ter yields were not changed by addition of more than 32 ug
Cu/g soil even though some interveiﬁal chlorosis was present

in the 32 ug Cu/g soil treatment.

Flax shoot Cu concentration and uptake were not signifi-
cantly increased until 8 ug Cu/g soil were added. However,
each level of supplemental Cu higher than 8 ug Cu/g soil
resulted in increases in flax shoot concentration and uptake
of Cu. This indicaies that flax was a poor accumulator of

Cu.

Flax shoot dry matter yield increased as Cu concentration
increased up to a concentration of 3.5 ug Cu/g plant mater-
ial (Figure 8). Copper concentrations higher than 3.5 ug
Cu/g did not result in higher dry matter yields. The res-
ponse curve could thérefore be used to elucidate the Cu
nutritional status in flax. Copper concentrations in excess
of 3.5 ug Cu/g were gonsidered sufficient for normal gro&th.
The upper 1limit of deficiency was 2.4 ug Cu/g. Concentra-

tions between 2.4 and 3.5 ug Cu/g were considered as low.
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3.3.3.5 "Rapeseed
Dry matter yield of rapeseed shoots (Table 9) was
increased by the addition of 2 ug Cu/g soil. However, addi-
“tion of more than 2 ug Cu/g soil did not influence rapeseed
growth. Response in dry matter yield to Cu agreed well with
visual appearance of the plants. Only plants receiving no
supplemental Cu exhibited deficiency symptoms. Copper con-
centration in rapeseed shoots increasej as rate of supplemen-:
tal Cu increased in the absence of dry matter yield
increases. Total Cu uptake into rapeseed shoots behaved

similarily to Cu concentration.

Dry matter yield of rapeseed shoots 1is plotted against
shoot Cu concentration in Figure 9. The low dry matter
.yield of rapeseed shoots containing approximately 1.0 ug
Cu/g plant material suggests that this rapeseed was defi-
cient in Cu. The rapid increase followed by leveling off in
rapeseed shoot yield with increasing shoot Cu concentration
indicate that this curve can be used to elucidate nutrition
ranges for Cu in rapeseed. The response curve suggests that
a Cu concentration in excess of 2.7 ug Cu/g plant material
was sufficient for normal growth of rapeseed. The wupper
limit of deficiency was 1.7 ug Cu/g plant material. Copper
concentrations. between 1.7 _and. 2.7. ug Cu/g plant material.

were considered low.
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TABLE 9

Effect of CuSO, rate upon dry matter yield, Cu concentration
and 'Cu total uptake of rapeseed shoots

. Dry Cu Total Cu
ug Cu/g matter cone uptake into
oven dry yield in shoots : shoots
soil . (g/pot) (ug/g) (ug/pot)
0.0 12.3 b 1.0 e 13 e
2.0 24.1 a 1.6 d 40 4
4.0 27.1 a 1.9 d 53 ed
8.0 25.5 a 2.3 cd 58 cd
16.0 23.6 a 2.3 cd 55 cd
32.0 26.2 a 3.0 be 78 be
64.0 25.2 a 3.6 b 91 b
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Rapeseed appeared to be slightly less efficient than
barley in taking up Cu, slightly more efficient than oats
and definitely more efficient thaﬁ wheat or flax, on the
basis of total Cu uptake for the first two increments of
supplemental Cu. The first increment of supplemental Cu
increased shoot Cu concentrations in only_ barley and
rapeseed, indicating that barley and rapeseed were good
accumulatoré of Cu. However, the critical Cu concentrations
in rapeseed shoots were lower than those in barley and about
the same as those in oats. Consequently, rapeseed appeared

to be the most efficient in Cu nutrition.

3.3.4  Relative Tolerance to Copper Stress

The 5 crops grown in this study all responded to the
addipion of fertilizer Cu. A statement can therefore be
ﬁade as to the tolerance of the crops to Cu stress. Unlike
all other crops Cu deficiency symptoms in rapeseed were eli-
minated through the addition of only 2 ug Cu/g soil, sug-
gesting that rapeseed was most tolerant to Cu stress. In
addition, the graph of rapeseed shoot dry matter yield ver-
sus shoot Cu concentration suggests that rapeseed was most
resistant to Cu deficiency since only five Cu concentrations
were in the deficiency range (Figure 9). This statement is .
"strengthened when it 1is considered that dry matter yields
associated with.two of those five deficient Cu concentra-

tions were not significantly different from dry matter
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yields.associated with plant Cu concentrations in the low or
sufficient range. That result is not surprising since it
was concluded in the previous section that rapeseed was the

most efficient in Cu nutrition.

Barley was only slightly less tolerant of Cu stress than
rapeseed. Only those treatments receiving 5.8 ug Cu/g soil
or less exhibited Cu deficiency symptoms. In addition, it
can be seen in Figure 5 that Cu concentrations were in the

deficiency range in only six replicates.

Oats behaved much the same as barley in that only oats
rgceiving up to 11.5 ug Cu/g soil exhibited Cu deficiency
symptoms. However, it was concluded that oats were slightly
more susceptible to Cu efficienc& since Cu concentrations in

eight replicates were in the deficiency range (Figure 6).

Wheat was the most susceptible to Cu deficiency of the
cereal crops. Although visual deficiency symptoms occurred
only in those treagments receiving up to 11.5 ug Cu/g soil
the symptoms were very severe in the check treatment where
dry matter yield was ;nly 1.8 g/pot. Maximum yield was not
attained until 92 ug Cu/g soil were added. Also, Cu concen-

’ .

trations in twelve replicates as plotted in Figure 7 were in

the Cu deficiency range.

Flax was the most Cu inefficient Crop grown. Visual Cu

deficiency symptoms occurred in flax receiving up to 32 ug
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Cu/g soil. Addition of low levels of Cu did not result in
large yield increases as in wheat. Shoot Cu concentrations

in sixteen of the replicates were in the Cu deficient range.

It can be concluded that for the varieties grown and
under the conditions in the present study, the order of
tolerance to Cu stress was rapeseed > barley > oats > wheat
> flax. Other conditions and varieties might have resulted

in a different order of tolerance.

3.3.5 Effect of Cu Fertilization on Plant Uptake of
Other Nutrients

3.3.5.1 Nitrogen

Nitrogen concentrations in the shoot's of all crops
(Tables 10, 11, 12, 13, and 14) were lower when Cu was
added. Nitrogen analysis was not possible for the check
treatment of wheat and flax as well as the 2.0 ug Cu/g
treatment for flax, due to insufficient dry matter vyield.
Nitrogen concentrations in barley, oats and wheat decreased
for the first two treatments which cduld be analyzed. How-
ever, no further changes occurred at higher rates of Cu.
Nitrogen concentration in rapeseed decreased as a result of
the first increment of Cu but was was not influenced by
further increments of Cu. Copper fertilization did not
influence N concentrations in flax for those treatments
which could be analyzed. Nitrogen uptake was not affected

by Cu deficiency in barley, this being a result of high N
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concentration in the check treatment in conjunction with the
reduced yield. Nitrogen uptake in all other crops increased
as a result of dry matter yield increases, suggesting that
the decrease in N concentration with increasing Cu resulted

from dilution.

Ward et al [116] indicated a N sufficiency 1level in
spring ‘cereals at head emergence between 20.0 and 30.0 mg
N/g plant material. The N levels in this study indicate

that adequate amounts were present in all five crops.

3.3.5.2 | Phosphorus

Phosphorus concentrations in the shoots of all crops
(Tables‘ 10, 11, 12, 13, and 14) were lower when Cu was
added. But, there were usually no differences in plant P
concentrations among the vérious treatments which included
supplemental Cu. The lower plant P concentrations when Cu
was applied 1likely resulted from dilution. As might be
expected, total P uptake into the shooté usually increased
with increasing Cu, because of increases 1in dry matter
yields. With the exception of the check treatment in wheat,
P levels iﬁ the cereal crops were simiiiar- The higher P

concentrations in wheat receiving no Cu likely resulted from

the very low dry matter yield in that treatment. Phosphorus .

concentrations in rapeseed were generally higher than in the
cereals. However, the highest P concentrations occurred in

flax.



TABLE 10
N and P uptake into barley shoots as influenced by CuSO4
rate
N Total N P Total P
ug Culfg Conc. Uptake Conc. Uptake
oven dry 1in shoots into shoots 1in shoots into shoots
soil (mg/g) (mng/pot) (mg/g) (mg/pot)
0.0 45.2 a 617 a 3.32 a 45.2 be
2.9 29.2 b 648 a 1.76 be 39.1 4
5.8 25.4 ¢ 662 a 1.68 c 43.6 c
11.5 26.4 ¢ 695 a 1.71 be 45.0 ab
23.0 24.2 ¢ 664 a 1.79 be 49.0 ab
46.0 25.5 (4 686 a 1091 b 5105 a
92.0 25.0 ¢ 675 a 1.92 b 51.8 a
TABLE 11

ug Cu/g
oven dry
soil

Conc.
in shoots

65

as influenced by CuS0O, rate

4

Total N
Uptake

into shoots

Conc .
in shoots

(ng/g)

Total P
Uptake

into shoots
(mg/pot)

39.1 be
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TABLE 12
"N énd P uptake into wheat shoots as influenced by CuSO4 rate
T T T ey TR
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots 1in shoots into shoots
soil (mg/g) (mg/pot) (mg/g) (ng/pot)
o0 T = esla 1114
2.9 34.6 a 503 b 2.46 b 34.3 ¢
5.8 28.5 b 619 a 1.77 ¢ 38.3 be
11.5 22.9 ¢ 646 a 1.49 ¢ 42.2 ab
23.0 23.4 ¢ 688 a | 1.54 ¢ 45.3 a
46.0 21.9 ¢ 690 a 1.37 ¢ 43.3 ab
92.0 20.1 ¢ 680 a 1.31 ¢ 4.4 a
""""""""""""""""" TaBLE 13
N and P uptake into flax shoots as influenced by.CuSO4 rate
D T S
ug Cu/g Conc. Uptake Conc . Uptake
oven dry in shoots into shoots 1in shoots into shoots
soil (ng/g) (mg/pot) (mg/g) (mg/pot)
C o0 T T
2.0 —_—— -— 8.46 b 17.2 d
4.0 49.0 a 248 ¢ 6.45 ¢ 31.8 ¢
8.0 43.2 a 414 b 6.30 cd 59.9 b
16.0 39.6 a 522 b 5.70 cde  75.3 a
32.0 40.4 a 679 a 4.65 de 76.6 a
64.0 38.6 a 753 a 4.36 e 84.2 a
128.0 39.3 a 733 a 4.26 e 79.4 a

l. Where no N concentrations are reported there was insufficient
sample for analysis.
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-TABLE 14
N and P uptake into rapeseed shoots as influenced by CuSO4
rate
N Total N P Total P
ug Cu/g Conc. : Uptake Conc. Uptake
"oven dry in shoots into shoots 1in shoots into shoots
soil (mg/g) (mg/pot) (ng/g) (mg/pot)
0.0 50.9 a 625 ¢ 4.86 a 59.3 a
2.0 34.0 b 813 ab 2.42 b 57.7 a
4.0 30.9 b 831 a 2.19 b 59.0 a
8.0 32.8 b 832 a 2.30 b 58.5 a
16.0 32.3 D 758 ab 2.16 b 50.5 a
32.0 28.5 b 739 b 2.14 b 55.8 a
64.0 31.3 b 788 ab 2.17 b 54.6 a
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Phosphorus 1levels in this study were lower +than would
normally be expected. Ward et al [116] indicated P defici-
ency in barley, oats and wheat can be expected if the con-
centration P at the stage when the head emerges from the
boot is 1less than 1.5 mg P/g plant material. Racz et al
[92) in a field study with various harvest dates reported P
concentrations in flax and rapeseed of 1.6 and 2.9 mg P/g,
respectively, at 49 days after seeding for a treétment in
which P had been added at 22 kg/ha. The lowest P concentra-
tion in oats of 1.19 mg P/g is considerably lower than the
deficiency level of Ward et al. Phosphorous concentrations
in rapeseed were somewhat lower than those reported by Racz
et al [92]. However, no P deficiency symptoms were apparent
in any crops. In'fact, plants receiving adequate Cu were
lush and green and yielded well in comparison to yields in
other studies conducted under similar conditions. It was

assumed, therefore, that low P did not significantly influ-

ence Cu nutrition.

3.3.5.3 Potassium

Potassium coﬁcentrétions in barley and rapéseed shoots
(Tables 15 and 19) were not influenced by Cu fertilization.
Potassium concentrations in oat, wheat and flax shoots
decreased with the first increment of supplemental Cu, but
uéually did not vary among treatments which included supple-

mental Cu (Tables 16, 17 and 18).
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Ward et al [116] suggested that barley, oats and wheat
were K deficient 1f the tissue concentration at tﬁe.:head
emergence stage was less than 12.5 mg K/g plant material.
Potassium levels in this study were 1éwer than this level
for all barley and oats which received sﬁpplemental Cu, and
for wheat which received more than 2.9 ug Cu/g soil.’ Potas-
sium concentrations in flax and rapeseed shoots were gener-
ally higher than in the cereals. Potassium critical levels
for flax and rapeseed could not be found in the 1iterature.
‘.However, the lack of K deficiency symptoms and the high dry
matter yields in comparison to yields under similar condi-
tions in other experiments indicated that low K did not have

a significant effect on growth of any crop in this study.

Total K uptake often increased with increasing supplemen-
tal Cu (Tables 15, 16, 17, 18 and 19). These increases

probably resulted from increasing dry matter production.

3.3.5.4 Iron

vShgﬁt \concentraéions of Fe in barley, oats and wheat
decreased for the first two or three increments of supple-
mental Cu (Tables 20, 21 and 22). Iron concentration in
flax shoots was not influenced by the first few increments
of Cu but was increased with the addition of 8 ug Cu/g soil
(Table 23). Addition of more than 8 ug Cu/g soil did not

influence Fe concentration in flax shoots. It is interest-

ing to note that the Fe concentration in flax shoots
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TABLE 15

K uptake into barley shoots as influenced by CuSO4 rate

K Total K

ug Cu/g Conc. Uptake
oven dry in shoots by shoots
soil - (mg/g) (ng/pot)
0.0 12 a 170 b
2.9 11 a 250 a
5.8 11 a 300 a
11.5 N 8.5 a 230 ab
23.0 11 a 300 a
46.0 9.1 a ' 250 a
92.0 11 a 290 a

TABLE 16

K uptake into oats shoots as influenced by CuSO4 rate

. K Total K
ug Cu/g Conc. Uptake
oven dry in shoots by shoots
soil (mg/g). (mg/pot)
0.0 15 a 170 d
2.9 8.8 ¢ 240 cd
5.8 12 ab 340 ab
11.5 12 abd 400 a
23.0 11 be 350 ab
46.0 8.0 ¢ 280 be
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TABLE 17
K uptake ;nto whea; shoots as influenced by CuSO4 rate
T T T e T
ug Cu/g Conc. Uptake
oven dry in shoots by shoots
soil (mng/g) (mg/pot)
e T T
! 2.9 23 b 320 a
5.8 12 be 250 a
11.5 | 10 be 290 a
23.0 12 be 350 a
46.0 7.6 ¢ 240 a
92.0 9.2 ¢ 310 a
"""""""""""""" raBLE 18

K uptake into flax shoots as influenced by CuSO4 rate

K Total K

ug Cu/g Conc. Uptake
oven dry in shoots by shoots
soil (ng/g) (mg/pot)
0.0 31 a 29 e
2.0 18 be 38 e
4.0 21 b 100 4
8.0 17 be 160 ¢
16.0 _ 17 be 230 b
32.0 17 be 280 a
64.0 14 ¢ 270 ab
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TABLE 19
K uptake into rapeseed shoots as influenced by CuSO4 rate
K Total K
ug Cu/g Conc. Uptake
oven dry in shoots by shoots
soil (mg/g) (mg/pot)
0.0 11 a 140 ¢
2.0 11 a 280 be
4.0 14 a 380 ab
) 8.0 14 a 350 ab
16.0 13 a 300 b
32.0 14 a 360 ab
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iﬁcreased at the same time as the Cu concentration in flax
shobfs increased from 1.0 to 1.5 ug Cu/g. Iron concentra-
tion &n rapeseed shootS~wasunot influenced by Cu fertiliza-
tion (Table 24). Melsted et al [70] listed the Fe critical
level for wheat at boot stage as 25 mg Fe/g plant material.
All crops 1in tﬁe preéent sfudy had Fe concentrations above
this 1level. Iron critical 1levels for flax and rapeseed
could nqt be found in the 1literature. However, it is
unlikely that Fe ﬁas deficient in any crop since no Fe defi-

ciency symptoms occurred and yields were high.

Uptake of Fe by barley (Table 20) was not influenced by
addition of Cu. The first dincrement of supplemental Cu
inc;eased Fe uptake into oat and rapeseed shoots (Tables 21
and 24), although further increments of Cu had little influ-
ence on Fe uptake into those créps. Iron uptake into wheat
and flax shoots generally increased as rate of Cu fertiliza-
tion increased (Tables 22 and 23). Increases‘in Fe uptake
with increasing suPplemental' Cu 1likely resulted primarily
from incfeasing dry matter production although some of the
increase in flax was likely caused by increases in Fe con-
centration.. Since Fe uptake was either increased or not
affected by Cu fertilization, it is .reasonable to assume

that the decrease_ in. Fe concentration. with ~increasing Cu

additions likely resulted from dilution.




74

TABLE 20
Fe and S uptake into barley shoots as influenced by CuSO4
rate
Fe Total Fe S Total S
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots in shoots into shoots
soil (ug/g (ug/pot) (mg/g) (mg/pot)
0.0 67.9 a 928 a 6.1 a 84 a
2.9 39.2 be 871 a 3.9 b 87 a
5.8 41.7 b 1090 a 3.7 b 98 a
11.5 37.1 be 977 a 3.9 b 100 a
23.0 31.3 ¢ 858 a 3.3 b 90 a
46.0 31.3 ¢ 843 a 3.6 b 96 a
92.0 30.5 ¢ 823 a 3.6 b 97 a
TABLE 21
Fe and S uptake into oats shoots as influenced by CuSO4 rate
Fe Total Fe S Total S
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots in shoots into shoots
soil - (ug/g) (ug/pot) (mg/g) (mg/pot)
0.0 61.7 a 681 b 6.7 a 74 ¢
2.9 T39.2 b 1070 a 4.1 b 110 ab
5.8 35.4 be 1010 a 3.3 b 94 b
11.5 31.7 ¢ 1040 a 3.4 b 110 ab
23.0 31.7 ¢ 1000 a 3.6 b 110 ab
46.0 31.3 ¢ 1080 a 3.7 b 130 a
92.0 32.5 ¢ 1110 a 3.7 b 130 a
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TABLE 22
Fe and S ﬁptake into wheat shoots as influenced by CuSO4
rate
Fe Total Fe S Total S
ug Cu/g Conc. Uptake Conc. Uptake
oven dry 1in shoots into shoots in shoots into shoots
soil (ug/g) (ug/pot) (mg/g) (mg/pot)
0.0 70.0 a 124 4 2.4 ab 4.1 ¢
2.9 51.7 b 768 ¢ 2.8 a 43 b
5.8 45.5 ¢ 989 b 2.6 ab 58 ab
11.5 40.0 @ 1130 ab 2.1 cd 58 ab
23.0 44.6 ¢ 1310 a 2.2 cd 64 a
46.0 38.8 d 1220 a 2.0 cd 63 a
92.0 37.9 d 1280 a 1.9 d 64 a
TABLE 23
Fe and S uptake into flax shoots as influenced by CuSO4 rate
Fe Total Fe S Total S
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots in shoots into shoots
soil (ug/g) (ug/pot) (mg/g) (mg/pot)
0.0 53.3 ab 49.3 d 5.5 a 5.2 d
2.0 45.4 b 95.0 d 5.8 a 12 4
4.0 42.1 b 209 4 5.1 a 25 ¢
8.0 72.1 a 708 ¢ 5.1 a 49 ¢
16.0 72.1 a 962 bc 5.0 a 66 b
32.0 69.2 a 1140 ab 4.1 b 67 b
64.0 67.5 a 1300 a 4.1 b 79 a
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TABLE 24
Fe and S uptake into rapeseed shoots as influenced by CuSO4
' rate
. Fe Total Fe S Total S
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots in shoots into shoots
soil (ug/g) (ug/pot) (mg/g) (mg/pot)
0.0 40.8 a 499 c 7.1 a 88 b
2.0 34.6 a 833 ab 6.1 a 150 a
4.0 130.9 a 834 ab 5.9 a 160 a
8.0 32.1 a 815 ab 6.1 a 160 a
16.0 31.3 a 733 b 6.6 a 160 a
32.0 31.7 a 826 ab 6.7 a 170 a
64.0 30.0 a 755 ab 6.4 a 160 a
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3.3.5.5 Sulfur
Sulfur concentrations in barley and oat shoots decreased
with the first increment of supplemental Cu but did not vary
among those t?eatments which included supplemental Cu
(Tables 20 and 21).. Sulfur concentrations in wheat shoots
(Table 22) did not decrease until 11.5 ug Cu/g soil had been
édded, whereas 32.0 ug Cu/g soil were necessary to decrease
S5 concentrations in flax shoots (Table 23). Copper fertili-
zation had no influence on S concentration in rapeseed
shoots (Table 24). Ward et al [116] suggest that the S suf-
'ficiendy range for barley, oats and wheat at bead emergence
stage was 1.5 to 4.5 mg/g plant material. All cereal crops
in this study were adequately supplied with S. Anderson [5]
suggested a critical level of 1.0 mg S/g plant material for
rapeseed 36 days after emergence. No S critical levels for
flax could be found, however it is unlikely that S was defi-

cient in this crop.

Total S uptake into barley shoots was not influenced by
~the addition of Cu (Table 20). Sulfur uptake into oat and
rapeseed (Tables 21 and 24) increased with the first incre-
ment of supplemental Cu but usually did not increase with

the additions of more Cu. Sulfur uptake into wheat and flax

shoots not only increased with first -increment of Cu but -

also increased somewhat with additional Cu (Tables 22 and
23). Those increases in Cu uptake likely resulted from

increased dry matter production and suggested that the
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decreases in shoot S concentration with increasing Cu were

due to dilution.

3.3.5.6 Zinc

Zinc concenérations in shoots of barley, oats, wheat and
flax decreased substantially with the first increment of Cu
(Tables 25, 26, 27 and 28). However, additional {ncrements
of Cu decreased Zn concentrations only slightly or had no

, !

influence. Zinc concentrations in rapeseed shoots were not
influenced by the addition of fertilizer Cu (Table 29).
Ward et al [116] listed the critical level for barley, oat,
and wheat shoots at heading as 15 ug Zn/g plant material.
Akinyede [2] suggested a critical level of 12.5 ug Zn/g
plant material for barley at heading. McGregor [68] has
suggested that eight week o0ld flax shoots may be suspected
of being Zn.deficient if they contain 1less than 13 ug Zn/g
plant material. Zinc levels in this sfudy were above those
values, therefore it was felt that 2n was adequate in the
cereal crops and flax. No Zn critical levels were found for

rapeseed, however, rapeseed was likely not deficient in 2Zn

for reasons already mentioned for the other nutrients.

Total Zn wuptake into the shoots of all five crops

increased with increasing Cu, .likely.. as the .result .of .

increases in dry matter production (Tables 25, 26, 27, 28
and 29). The increases in total Zn uptake suggest that the
decreases in Zn concentration with increasing supplemental

Cu resulted from dilution.



Zn and Mn uptake into barley shoots as influenced by CuSo0

TABLE 25
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rate 4
Zn Total Zn Mn Total Mn
ug Cu/g Conc. Uptake Conc. Uptake
oven - dry in shoots into shoots in shoots into shoots
soil (ug/g) (ug/pot) (ug/g) (ug/pot)
0.0 28.8 a 393 ¢ 54.6 a 744 a
2.9 18.8 b 424 bde 27.5 b 620 a
5.8 18.8 b 489 be 25.0 be 653 a
11.5 20.0 b 527 ab 25.0 be 659 a
23.0 19.2 b 527 ab 22.9 ¢ 629 a
46.0 21.7 b 586 a 22.9 ¢ 617 a
92.0 20.9 b 564 a 23.8 be 643 a
TABLE 26
Zn and Mn uptake into oats shoots as influenced by CuSO4
rate
~ Zn Total Zn Mn Total Mn
ug Cu/g Conc. Uptake .Conc. Uptake
oven dry in shoots into shoots 1in shoots into shoots
soil (ug/g)- (ug/pot) (ug/g) (ug/pot)
0.0 28.0 a 308 c  72.1a 796 d
2.9 16.3 b 444 ad 53.8 b 1470 ab
5.8 14.2 be 404 b 44.6 ¢ 1280 be
11.5 12.9 ¢ 424 ab 37.9 ¢ 1240 ¢
23.0 14.2 be 451 ab 39.6 ¢ 1260 ¢
46.0 13.4 ¢ 461 ab 43.8 ¢ 1510 a
92.0 13.8 ¢ 471 a 45.0 ¢ 1530 a
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TABLE 27
Zn and Mn uptake into wheat shoots as influenced by CuSO4
. ~ rate
Zn Total Zn Mn Total Mn
ug Cu/g Conc. Uptake Conc. Uptake
oven dry 1in shoots into shoots 1in shoots into shoots
soil (ug/g) (ug/pot) (ug/g) (ug/pot)
0.0 31.7 a 56.1 ¢ 37.1 a 65.0 d
2.9 21.3 b 307 b 25.8 b 367 ¢
5.8 22.1 b 479 a 21.7 be 473 b
11.5 15.4 ¢ 436 a 19.2 ¢ 543 ab
23.0 15.4 ¢ 453 a 18.4 ¢ 540 ab
46.0 13.8 ¢ 435 a 17.1 ¢ 542 ab
92.0 12.5 ¢ 429 a 17.5 ¢ 593 a
TABLE 28
Zn and Mn upfake into flax shoots as influenced by CuSO4
rate
Zn Total Zn Mn Total Mn
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots 1in shoots into shoots
soil . (ug/g)- (ug/pot) (ug/g) (ug/pot)
0.0 49.8 a 46.8 e 165 b 155 d
2.0 39.1 b 82.4 de 189 b 398 d
4.0 32.5 be 161 d 191 b 950 d
8.0 35.9 be 344 ¢ 268 a 2730 ¢
16.0 32.5 be 432 b 312 a 4160 b
32.0 30.9 ¢ 509 ab 318 a 5300 ab
64.0 28.8 ¢ 557 a 296 a 5740 a
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TABLE 29
Zn and Mn uptake into.rapeseed shoots as influenced by CuSO4
' rate :
Zn Total Zn Mn Total Mn
ug Cu/g Conc. Uptake Conc. Uptake
oven dry 1in shoots into shoots in shoots into shoots
soil (ug/g) (ug/pot) (ug/g) (ug/pot
0.0 26.7 a 328 ¢ 63.8 a 786 «c
2.0 23.8 a 575 ab 51.3 b 1230 ab
4.0 22.1 a 598 ab 51.7 b 1390 a
8.0 21.7 a 554 ab 49.6 b 1260 ab
16.0 20.0 2 471 b 49.6 b 1160 ab
32.0 22.1 a 579 ab 44.2 b 1150 ab
64.0 20.8 a 523 ab 43.4 b 1090 b
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3.3.5.7 Manganese

Manganese concentrations in barley, oats, wheat and rape-
seed (Tables 25, 26, 27 and 29) decreased with the first
increment of supplemental Cu. Thereafter only barley, oats
and wheat Mn concentrations decreased with further incre-
ments of Cu. Manganese concentrations in flax shoots
increased substantially when more than 8.0 ug Cu/g soil was
added which corresponded to the increase in Cu concentration
in flax shoots from 1.0 to 1.5 ug cu/g plant material. Man-
ganese concentrations in flax behaved similaf to Fe concen-
trations, increasing with the first increase in Cu concen-
tration in flax shoots. Total uptake of Mn in barley shoots
was ﬁot influenced by supplementél Cu additions (Table 25).
Oats, wheat, flax and rapeseed shoot uptake of Mn increased
when supplemental Cu was added (Tables 26, 27, 28 and 29).
The increésed uptake was likely a result of increased dry
matter production for oats, wheat and rapeseed. Flax Mn
uptake was influenced by both increased shoot Mn concentra-

tion and increase in dry matter production.

3.3.5.8 Calcium

Calcium concentration in shoots of barley, oats and rape-
seed (Tables 30, 31 -and 34) generally decreased with
increasing supplemental Cu. Wheat shoot Ca concentration
decreased for the first increment of Cu but was not influ-

enced by higher levels of Cu (Table 32). Although the Ca
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concentration was significantly lower in. flax recgivipg 4 ug
Cu/g soil, Cu 1level had no eoﬁsistent effeét on Ca concen-
trations in flax (Table 33). Ward et al [116] listed low Ca
levels for barley, oat and wheét shooté at héading as < 3.0,
? 2.0 and < 2.0 mg Ca/g plant material, respectively. All
cereals in this study were likely adequateiy supplied with
Ca. Flax and rapeseed shoots contained considerably more Ca
than oat and wheat shoots. Therefore, flax and rapeseed

were likely also adequately supplied with Ca.

Total Ca uptake by shoofs of wheat and flax increased
with increasiﬁg supplemental Cu (Tables 32 aﬁd 33). Total
Ca uptake into oat and rapeseed increased with the first
increment of supplemental Cu but‘ was mnot influenced by
higher levels of Cu (Tables 31 and 34). Calcium uptake into
barley shoots was not influencéd by supplemental Cu (Table
30). The increases in Ca uptake resulted from of increases
in dry matter production. Decreases in Ca concentration
with increasing Cu probably were caused by dilution since

total Ca uptake did not decrease with increasing Cu.
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TABLE 30
.Ca and Mg uptake into barley shoots as influenced by CuSO4
- rate
Ca Total Ca Mg Total Mg
ug Cu/g Conc. Uptake Conc. Uptake
oven dry 1in shoots into shoots in shoots into shoots
soil (mg/g) (ng/pot) (mg/g) (mg/pot)
0.0 8.2 a 112 ¢ 6.3 a 86 b
2.9 5.9 b 130 ab 5.0 b 110 a
5.8 5.4 be 140 ab 4.9 b 130 a
11.5 4ob d 110 be 3.5 ¢ 92 b
23.0 5.4 ¢ 150 a 4.7 b 130 a
46.0 4.7 d 130 be 4.5 b 120 a
92.0 4.7 d 130 be 4.5 b 120 b
TABLE 31
Ca and Mg uptake into oats shoots as influenced by CuSO4
rate
Ca Total Ca Mg Total Mg
ug Cu/g .Conc. Uptake Conc. Uptake
oven dry din shoots into shoots in shoots into shoots
soil (ng/g)- (mg/pot) (mg/g) (mg/pot)
0.0 5.4 a 60 c 7.3 a 80 ¢
2.9 3.9 b 110 b 5.7 be 150 b
5.8 3.8 be 110 b 4.9 be 140 b
11.5 4.8 ab 160 a 6.6 ab 220 a
23.0 3.1 ¢ 97 be 4.6 be 150 b
46.0 2.8 ¢ 97 be 4.1 ¢ 140 b
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TABLE 32

Ca and Mg uptake into wheat shoots asvinfluenced by CuSO4
rate . :
rd
Ca Total Ca Mg Total Mg
ug Cu/g Conc. Uptake Conc. Uptake
oven dry 1in shoots into shoots in shoots into shoots
soil (mg/g) (mg/pot) (mg/g) (mg/pot)
0.0 16 a 28 d 20 a 35 a
2.9 3.6 b 53 ¢ 14 b 190 a
. 5.8 3.1 be 69 abc 3.3 ¢ 73 a
11.5 2.1 d 59 be 2.4 ¢ 69 a
23.0 2.4 cd 71 abe 2.7 ¢ 80 a
46.0 2.6 cd 81 a 2.2 ¢ 71 a
T 92.0 2.3 cd 77 ab 2.7 ¢ 93 a
TABLE 33
Ca and Mg uptake into flax shoots as influenced by CuSO4
, rate
Ca Total Ca Mg Total Mg
ug Cu/g ~Conc. Uptake Conc. Uptake
oven dry in shoots into shoots in shoots into shoots
soil (mg/g)" (mg/pot) (mg/g) (mg/pot)
0.0 11 a 11 ¢ 8.5 a 7.9 ¢
2.0 9.6 a 20 ¢ 8.0 a 16 ¢
4.0 6.6 b 33 ¢ 7.7 a 38 ¢
8.0 11 a 84 b 8.3 a 83 b
16.0 11 a 140 ab 7.4 a 98 b
32.0 11 a 190 a 7.8 a 130 a
64.0 11 a 210 a 6.9 a 130 a

—_—-—_———_———————--—————_——_——--——-——————————————-——————-—-—
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TABLE 34
Ca and Mg uptake into rapeseed shoots as influenced by_CuSO4
) rate . .
Ca Total Ca Mg Total Mg
ug Cu/g Conc. Uptake Conc. Uptake
oven dry in shoots into shoots 1in shoots into shoots
soil. (ng/g) (mg/pot) (mg/g) (mg/pot)
6.0 27 ab 340 ¢ « 7.9 be 96 e
2.0 25 be 600 ab 8.7 b 210 be
4.0 25 be 670 ab 8.5 be 230 b
8.0 24 be 625 ab 7.5 be 190 ¢4 o E
16.0 31 a 730 a 15 a 340 a ‘
32.0 23 ¢ 600 ab 7.5 be 200 cd
64.0 21 ¢ 530 b 6.9 be 170 d



3;3.5.9 Magnesium

Magnesium concentration in barley and oét shooté (Tables
30 and 31) decreased with the first increment of supplemen-
tal Cu but was not influenced by‘any higher increments of
Cu. Wheat shoot Mg concentration decreased for the first
two increments of Cu but was not influenced by subsequent
increments (Table 32). Fiax and rapeseed shoot Mg concen-
trations were usually not influenced by Cu additions (Tables
33 and 34). The ig;o ug Cu/g soil treatment in rapeseed was
unusual in that the Mg concentration was 15.0 mg Mg/g plant
material, approximately double any of the other rapeseed
treatments for rapeseed. It is of interest that this treat-
ment had the lowest dEy matter production for the treatments
of rapéseeq receiving Cu. The:reasons.for this anomaly are
not known. Ward et al [116] listéd the sufficiency range
for barley, oat and wheat shoots at heading as 1.5 to 5.0 mg
Mg/g planp material. Cereals in this study were within this .
range whereas the oilseeds contained an adequate supply of

Mg.

Total uptake of Mg in wheat shoots was not influenced by
supplemenfal Cu (Table 32). Magnesium uptake into shoots
of barley, oats and rapeseed (Tables 30, 31 and 34) was
increased by thé first increment of supplemental Cu but usu-
ally was not influenced by further increments of Cu. Magne-
sium uptake into flax shoots increased with increasing sup-

plemental Cu (Table 33). The increases in Mg uptake with

-
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incréé;ing Cuproﬁéblyuresulted from increases in dry matter
production. As‘with Ca, decreases in Mg concentrations with
increasing Cu likely reéulted from dilution since Mg uptake

\

either was not affected or increased with increasing Cu.

Ay




_Chapter 1V

STUDY II: EFFECT OF 2ZN PLACEMENT, RATE AND CARRIER ON GROWTH
AND ZN UPTAKE OF CEREAL AND OILSEED CROPS

4.1 INTRODUCTION

Previous research in Manitoba and elsewhere had establ-
ished that "Zn deficiency is more likely to occur on highly
caicareous solils than on soils containing no lime. However,
the only responses to Zn fertilization had been obtained in
thé growth chamber with flax [68] and in the field with

blackbeans [64]. The present research was initiated to det-

ermine the extent and severity of Zn deficiency in the field

in cereal as well as oilseed crops, the most commonly grown

crops in Manitoba. The experiments were conducted in 1537

and 1978 on the highly calcareous soil, Lakeland clay loam.

It was felt that if no growth responses to Zn fertilization
were ‘obtained on a highly calcareous soil, it could be
assumea.that Zn deéiciency is not very prevalent in cereal
and oilseed crops in Manitoba. Another important objective
of the research was to evaluate the relative efficiences of
various Zn carriers, Plaéement methods and rates by measur-

ing the influence of those factors upon Zn uptake.
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4.2  METHODS AND MATERIALS

4.2.1 Soil Properties

The field sites in both 1977 and 1978 were on the farm of
I. Campbeli located af SW 1/4 2-16-2E. The soil was in the
Lakeland Series:which was mapped byIPratt et al [88] as a
Gleyed Rego Black soil developed on strongly calcareous del-

taic deposits.

Coﬁductifity and pH determinatigns were similar to thqse
discussed in Section 3.2.1 except that a 1:1 water to soil
paste 1instead of a 3:1 water to soil paste was used.
Nitrate-N,‘SQ4—S, as well as exchangeable Ca+2, Mg+2 and K+
were all determined as described in Section 3.2.1. Plant
available soil P levels ﬁere estimated by shaking 5 g of
soil with 100 ml of 0.5§ NaHCO, at a;>pH of 8.5 for 30
minutes in the presence of 1 g charcoal and filtering

through Whatman #42 filter paper. Concentration of P in the

filtrate was determined by the method of. Stainton et al

—

[110]; Sulfate-S as well as exchangeable Ca+2, Mg+2 and K+

were not determined in 1977. Plant available Zn, Cu, Mn and
Fe were estimated according to the method described in Sec-
tion 3.2.1 except that 10 g instead of 2 g of soill were used

in the usual 20 ml of extracting solution.

Organic matter was determined by the Walkley-Black method
as described by Allison [3] except that the titration was

preformed with a automatic titrator potentiometrically.
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Carbonates were determined by reacting one g of soil with 40
ml of 0.IN HCl, drying the released gases and collecting fhe

evolved CO2 in ascarite.

b.2.2 Experimental Design

Barley (Hordeum vulgare var Conquest), wheat (Triticum

aestevum var Neepawa), flax (Linum usitatissimum var Duffe-

rin) and rapeseed (Brassica napus var Tower) were grown in

both 1977 and 1978 and oats (Avena sativa var Hudson) were

grown in 1978. Each treatment was replicated six times in a
randomized complete block design. Each plot was 1.07 m by
6.10 m and contained 6 rows which were 0.18 m apart. Thére
were néwuntreated areas between plots within crops or blocks
although blocks were separated by 1.52 m walkways. Flax and
rapeseed were separated from the cereals by 1.07 m wide
strips of untreated flax or rapeseed to prevent herbicide

damage.

.All crops in 19?7 and 1978 received 120 kg N/ha, mostly
as commercial ammonium nitrate broadcast immediately after
seeding although some of the 120 kg N was applied with the
ammonium phosphate. Phosphorus was drilled with the seed of

cereals at 45 kg P205/ha as monoammonjuym phosphate. Rape-

seed received . 22.5 .kgw.onslha --as monoammoniupg - phosphate

drilled with the seed whereas flax did not receive fertil-

izer P. Potassium was applied as K2804

1977 broadcast immediately after seeding and 107 kg Kzo/ha

at 67 kg K20/ha in
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drilled in_before seeding in 1978. Sulfur was suppliedwith
the K as KZSO4 at rates of 25 kg S/ha in 1977 and 38.5 kg

S/ha in 1978.

Treatments are described in Table 36 for i977 and 1in
Table 37 for 1978. Abbreviations used in Tables 36 and 37
are described in Table 35. Flax treatments are not indi-
cated for the 1977 experiment since the flax was severely
damaged by an application of a high rate of Buctril M.
Therefore, yield and nutrient concentrations for flax are
not reported. Copper treatments were included in 1977 to
check for either an induced deficiency of Cu or synergistic
effects of Cu and Zn fertilizer additions. Iron treatments
were included in 1978 to be sure that high carbonate equiva-
lent and frequent wet conditions of the soil were not caus-

ing an Fe deficiency.

Cereal crops were all seeded at a rate of 112 kg/ha, flax
at 45 kg/ha and rapeseed at 7.9 kg/ha by using a mixture
containing 3.2 kg live seed, 2.3 kg 5Z furadan granules and

9.5 kg dead seed applied at a rate of 37 kg/ha.

Barley and wheat were seeded on May 30 and flax and rape-
seed on May 31 in 1977. Barley, oats, wheat, flax and rape-
seed were seeded on May 12 in 1978. . Complete weed control -

was achieved through the use of herbicides.
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TABLE 35 .

Descriptions of abbreviations for micronutrient carriers and
placement methods used in field studies

Carrier Abbreviation
Ciba-Geigy Sequestrene Copper. CuEDTA
NaZCuEDTA.3H20 13%Z Cu ‘

Ciba-Geigy Sequestrene Zinc ZnEDTA
NaZZnEDTA. 2H20 1402% Zn
Ciba-Geigy Sequestrene Iron 330 FeDTPA
NaFeDTPA 10% Fe ‘
vReagent grade Cu504-5H20 25.4% Cu CuSO4 """
Reagent grade Zn804.7H20 22.7% Zn ZnSO4
Reagent grade MnSO4-H20 32.5% Mn MnSO4
Elephant Brand ZnMNS ZnMNS
(NH4)ZSO4,ZnSO3,MnSO3 15Z Zn
Eagle-~Picher ZincGro ZincGro
ZnS0,.H,_0 36Z Zn :

.

Placement Abbreviation

Mixed by rototilling into surface (M)

10-15 ecm of soil in

liquid form for most carriers except for
granular form for ZnMNS and ZinecGro
and crystal form for ZnSO, and CuSO
at Piney, Marchand and Stéad for 4
experiments with wheat on organic soil.

Drilled with the seed into (D)
the center four rows of the subplots

by means of V-belts in powder, granular

or crystal form

Midseason sampling of cereals involved harvesting 10 to

20 entire plant shoots at random from the second and fifth
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TABLE 36

Treatments for field experiments at Teulon in 1977

Crops Carrier Rate Placement Abbrev.
) (kg/ha)
all - —-——- —— control
barley . ZnEDTA 0.5 (M) ZnEDTA(M)O0.5
all ZnEDTA 1.5 (M) ZnEDTA(M)1.5
barley ' ZnEDTA 4.0 (M) ZnEDTA(M) 4
barley ZnEDTA 1.5 (D) ZnEDTA(D)1l.5
barley ZnEDTA 1.5 (M) ZnEDTA(M)1.5
CuSO4 4 (D) + CuSO4(D)4
barley ZnSO4 7.5 (M) ZnSO4(M)7.5
barley -ZnSO4 7.5 (D) ZnS0,(D)7.5
barley ZnMNS 7.5 (M) ZnMNS(M)7.5
barley ZnMNS 7.5 (D) ZnMNS(D)7.5
barley ZincGro 7.5 (M) ZincGro(M)7.5 ,
barley ZincGro 7.5 (D) ZincGro(D)7.5
barley ~ CuSO4 4 (D) CuSO4(D)4

rows of each plot at heading. Flax and rapeseed plants were
sampled at maturity in 1977 and 56 days after seeding in
1978. The plant samples were placed in plastic bégs and
frozen until analysis. kecently thawed plant samples were
rinsed in deionized water, air dried, and ground through a

Wiley mill in 1977. The samples from the 1978 experiment




95
TABLE 37

Treatments for field experiments at Teulon in 1978

Crops Carrier Rate Placement Abbrev.
(kg/ha)
all -——— —— —— control
barley, flax, ZnEDTA 5 (M) ZnEDTA(M)S
rapeseed
barley, wheat ZnEDTA 5 (D)  ZnEDTA(D)S5S
barley, oats ZnEDTA 5 (D) ZnEDTA(D)S5
. FeDTPA 1 foliar + 1kg Fe/ha
' foliar
flax ZnEDTA 5 (M) ZnEDTA(M)5
FeDTPA 2 foliar + 2kg Fe/ha
foliar
" barley ZnSO4 15 (M ZnSOa(M)IS
-barley _ ZnSO4 15 (D) ZnSO4(D)15
barley ZnMNS 15 (M)  ZnMNS(M)15
barley . ZnMNS 15 (D) ZnMNS(D)15
barley ZincGro 15 (M) ZinecGro(M)15
barley ZincGro 15 (D) ZincGro(D)15

were ground in a coffee grinder with plastic and aluminum
parts so that the éamples éould be analyzed for Fe. Plant
samples were analyzed for micro and macronutrients according
to the procedures discussed in Section 3.2.3 except for 8§ in
1978. In 1978, 0.2 ml of digest solution was diluted to 20
ml and tﬁe S level in the diluted digest determined’accord-

ing to the method in Section 3.2.1.
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Final harvests were taken in 1977 at 95, 95, 106 and 106
days after seeding for barley, wheat, flax, and rapeseed and
in 1978 at 88, 91, 101, 113 and 95 days after seeding for
barley, oats, wheat, flax and rapeseed. Each plot was har-
vested by cutting plant shoots at soil surface from the cen-
ter 3.05 m of the 3rd and 4th rows of each plot. Samples
were then placed in cloth bags and dried at 35 to 40°%c until
suitable for'threshing. Dry weights of the entire sample
were taken and after threshing and cleaning of the grain the
grain was weighed. Straw weights were calculated and
recorded, however, ’they are not reported here since they
followed tﬁe same trends as grain yields and did not appear
to add to or detract from the conclusions reached for all

field sites in both 1977 and 1978.

4.3 RESULTS AND DISCUSSION

!

4.3.1 Soll Characteristics

Some chemical and physical properties of the soils used
in 1977 and 1978 are listed in Table 38. The plot sites
were highly calcareous in both years as indicated by both pH

and CacCoO equivalent values. Nitrate-=N was ‘very high 4in

3

both years according to criteria of the Manitoba Provincial

Soil Testing Laboratory whereas NaHCO3 extractable P was

medium in 1977 and low 4in 1978. ‘Sulfate~S- and NH4Ac
extractable K levels in 1978 were very high and medium, res-
pectively, according to the guidelines of the Manitoba Pro-

vincialSoil Testing Laboratory. DTPA extractable Cu, Mn and
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Fe were definitely in excess of the critical levels of 0. 2,
1.0 and 4.5 ug/g established by Lindsay and Norvell [62].
The DTPA extractable Zn level in the surface 15 cm of the
80il would be considered marginally deficient at thé 1977
site by guidelines of Lindsay and Norvell [62). Soil levels
of Zn from 15-30 and 30-60 cm would be considered as very
deficient at the 1977 site. DTPA extractable Zn in the sur-
face 15 cm‘of the 1978 field site would be considered suffi-
cient, however, the 15-30 and 30-60 cm depths would be con-
sidered as deficient according to the 1.0 2Zn ug/g soil
critical level of'Lindsay aﬁd Norvell [62]. . The only possi-
ble limiting nutrient at either the 1977 site or the 1978
site would’have been Zn since adequate;vaas added to over-

come its low status.

b.3.2 Grain Yields and Nutrient Concentrations

Grain yields and nutrient concentrations in shoots at
midseason are given in Tables 39 to 53. Within each verti-
cal column numbers %ollowed by the éame letter are not sig-
nificantly different at the 5% level according to Duncans

multiple range test [30].

Flax data from 1977 are not reported due to herbicide dam-
age. Only yield data are reported for rapeseed for 1977

since there was no midseason plant sampling.
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TABLE 38

Soil charactéristics for field experiments at Teulon

T
Classification Lakelamd Lakeland
texture - : claj loam clay loam
pH 8.2 8.0
0.M. ’ | 4.3 5.1
CéCO3 equivalent g 37 - 26
cond (mmhos/cm) _ ‘ 0.57 0.62
NO,-N (kg/ha - 0-60 cm) - 117 125
P0,-P (kg/ha -NaHCO, 0-15 cm) 22 18
SO4—S (kg/ha HZO ext 0-60';m) —_— 146
K (kg/ha NHAAc PH=7 ext 0-15 cm) --- 277
Ca (% NH#AC pH=7 exf 0-15 cm) -—= 0.82
Mg (Z NH4Ac pH=7 ext 0-15 cm) -——— 0.21
Cu (DTPA ext ug/g) 0-15cm 1.4 1.1
' 15-30cm 1.6 1.3
30-60cm 1.1 1.2
Zn (DTPA ext ug/g) 0-15cm 0.8 1.8
15-30cm 0.3 0.6
30-60cm 0.2 0.5
. Mn (DTPA ext ug/g) 0-15cm 7.3 IS

Fe (DTPA ext ug/g) 0-15cm 14 16
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4030201 1977 Results
Raﬁéseed grain yield (Table 39) did not significantly

change as a result of Zn fertilizer addition.

TABLE 39

Effect of Zn on rapeseed yield at Teulon in 1977

Treatment grain
yield
kg/ha

control 1100 a
ZnEDTA(M)1.5 1390 a

Barley grain yield, Zn concentration and Cu concentration
were not affected by addition of fertilizer Zn, regardless
of carrier, ¥éte or method 6f application (Table 40). Man-
ganese concentration did vary significantly.in some treat-
ments,vhowever, there was no discernible pattern to the var-
iations. Phosphorés, S, K, Ca and Mg concentrations in
barley shoots (fable 41) were also not affected by Zn treat-
ment. Levels of all nutrients in the 1977 barley shoots
would be considered sufficient for normal growth according
to the literature critical values already mentioned when
discussing growth chamber results. The very high yields
also suggest that no nutrient was limiting growth. It is

not surprising that grain yield did not respond to Zn ferti-
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lizgtion since all shoot Zn concentrations were above the
érifﬁcal level of 12.5 ug Zn/g established by Akinyede [2]
fof'barley; In addition, Cu levels.were well above the cri-
tiéal concentration suggested by the growth chamber experi-

ment.

TABLE 40

Effect of Zn carrier, Placement and rate as well as of Cu on
grain yield and micronutrient concentration of barley shoots
at Teulon in 1977

 treatment grain e gaTTTTTTpIeeeee-
yield conc. conc. conc.
kg/ha ug/g ug/g ug/g
Ccomerol | 5264 a .0 a  iaa TR
ZnEDTA(M)0.5 5364 a 7.7 a 14 a 26 def
ZnEDTA(M)1.5 5336 a 7.2 a 17 a 25 ef
ZnEDTA(M)& 5835 a 7.8 a 26 a 28 ¢
ZnEDTA(D)1.5 6216 a 8.2 a 20 a 27 cd
ZnSO4(M)7,5 5733 a 7.4 a 19 a 25 ef
ZnSO4(D)7.5 SSOé a v8.2 a 20 a , 32 a
ZnMNS(M)7.5 5518 a 8.9 a 19 a 27 cde
ZnMNS(D)7.5 6125 a 7.7 a 17'a 28 bc
ZincGro(M)7.5 5402 a 7.4 a 16 a 25 £
ZincGro(D)7.5 5827 a 8.9 a 20 a 30 b
Cus0, (D)4 5416 a 7.8 a 17a 28 be

ZnEDTA(M)1.5 5301 a 8.1 a 19 a 27 cde
+Cu804(D)4 :
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TABLE 41

Effect of Zn carrier, placement and rate as well as Cu on
macronutrient concentrations in barley shoots at Teulon in

1977
S EEsssmsscmsssssscoomsssscscosssfssmocsssssomssommsmmcoo—oo
Treatment P S K Ca Mg
’ conc. - conce. conc. conce. conce.
ng/g ng/g ng/g ng/g ng/g

control | 3.0 2.0 a0 s TyalTT
ZnEDTA(M)0.5 3.0 a 2.0 a 22.3 a ‘2.9 a 3.8 a
ZnEDTA(M)l‘SI 3.0 a 2.0 a 21.1 a 2.6 a 3.4 a
ZnEDTA(M)4 3.2 a 2.2 a 20.6a 2.7a  3.6a
ZnEDTA(D)1.5 3.3 a 2.2 a 21.2 a 2.7 a 3.4 a
ZnSO4(M)7.5 3.1 a 2.2 a 21.9 a 2.9 a 3.6 a
ZnS0,(D)7.5 3.0 a ' 1.8 a 16.5 a 2.9 a 3.5 a
ZoMNS(M)7.5 3.2 a . 2.3 a  19.6 a 2.9 a 3.6 &
ZoMNS(D)7.5 3.3 a2 2.1 a 22.4 a 3.0 a 3.7 a
ZincGro(M)7.5 3.1 a 2.1 a 21.9 a 2.7 a 3.6 a
ZincGro(D)7.5 3.5 a 2.5 a 20.8 a 3.1 a 4.1 a
CuSO4(D)4 3.3 a 2.6 a 22.0 a 3.1 a 3.8 a
ZnS0,(M)1.5 3.2 a 2.3 a 21.7 a " 3.0 a 4.3 a
+Cu864(D)4

Wheat grain yield and nutrient coﬁcentrations (Tables 42
and 43) were not influenced by the addition of 2Zn fertil-
izer. The levgls of all nutrients were above suggested cri-
tical levels. As with barley high yields tended to confirm

that no nutrient deficiencies existed.
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TABLE 42

Effect of Zn on grain yield and micronutrient concentrations
in wheat shoots at Teulon in 1977

Treatment grain Cu Zn Mn
yield conce. conce. conce
kg/ha ug/g ug/g ug/g

control 4629 a 7.3 a 13 a 38 a
ZnEDTA(M)1.5 4707 a 6.5 a 15 a 34 a
TABLE 43

Effect of Zn on macronutrient concentrations in wheat at C ;ﬁ:
Teulon in 1977

Treatment P S K Ca Mg
conce. conce conc. concCe. COnce.
ng/g mg/g mg/g mg/g mg/g

control 2.8 a 1.4 a 22.2 a 1.9 a 3.0 a
ZnEDTA(M)1.5 3.0 a 1.7 a 21.1 a 1.8 a 3.0 a

4.3.2.2 1978 Results

Barley grain yields and Cu, Mn and Fe concentrations in %ﬁﬁ
shoots ét heading were not influenced by treatment (Table
44) . Lé;k of respomnse 1in grain'yield to Zn fertilization
was mnot surprising since all plant 2Zn concentrations are
above the 12.5 ug Zn/g critical level and the level of DTPA
extractable~"soilh“zh-~waS""above the 0.8 wug Zn/g -critical-

level,'
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. TABLE " 44

Effect of Zn carrier and placément of Zn as well as Fe on
grain yield and micronutrient concentrations in barley
' shoots at Teulon in 1978

Creatment  gratn | oa eI
yield conce. conce. conc. conce.
kg/ha ug/g ug/g ug/g ug/g

'ZZ;ZEZI"""553'{-2""73';"'"ITZE'"'55’;"_"52,-2"'

ZnEDTA(M)5 3168 a 6.9 a 30 a 27 a 48 a

ZnEDTA(D)S 3171 a 6.6 a 22 be 29 a 54 a

ZnSO4(M)15 3214 a 7.4 a 24 b 29 a 56 a

ZnS0,(D)15 3291 a 7.4 a 245 30 a 52 a

 ZnMNS(M)15 3442 a 7.0 a 18 cd 28 a 57 a

ZnMNS(D) 15 3247 a 6.4 a 17 d 28 a 62 a

ZincGro(M)15 3369 a 6.8 a 16 d 28 a 51 a

ZincGro(D)15 3236 a 6;4 a 17 4 25 a 55 a

ZnEDTA(D)5 3256 a 7.1 a 24 b 29 a 60 a

+1 kg Fe/ha foliar

The 5 kg Zn/ha as ZnEDTA mixed throughout the surface 10
cm was the most effective in increasing barley shoot Zn con-
centration. Mixing ZnEDTA was much more effective than
drilling which is surprising considering the high mobility
of ZnEDTA. The 5 kg Zn/ha as ZnEDTA drilled with the seed
and the 15 kg Zn/ha as ZnSO4 mixed with the surface 10 c¢m or
drilled with the seed were not significantly different from

each other. That result in conjunction with the greater
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effectivenesslof dfilling 5 kg Zn as ZnEDTA suggested that
the chelafed §oufce was more than 3 times as effective as
ZnS0,. The two 2ZnSO

4 4
tions than the control‘although method of application had no

treatments had higher Zn concentra-

influence on Zn uptake which was surprising considering the
low mobility of inorganic Zn in soil. The other carriers,
ZnMNS and Zincho, did not influence shoot Zn concentrations
in&icating that these materials may not be good anfertiliz-
ers. Results concerning ZnMNS and ZincGro in 1977 were
inclusive. Although plant 2zn concentrations were sometimeg
increased by ZnMNS.or ZincGro in 1977, the increases were

not statistically significant.

The fdiiar Fe treétment did not influence either barley
grain yield or plant nutrient concentrations. There also
was no ﬁisual response in colour of the barley as a result
of the treatment. It is not surprising that Fe did not
influence barley yield considering the relatively high DTPA
extragtable soil Fe and~the\p1ant Fe levels. However, fol-
iar apflication of Fe should have increased plant Fe concen-
tration. Perhaps not enough Fe was applied or the method of

application was not effectivew

?hosphorus, K, Ca and Mg concentrations were not influ-
enced by Zn fertilization (Table 45)+. Sulfur concentration
in the ZnEDTA mixed and drilled treatments were signifi-
cantly lower than some of the other treatments. However,

the reason for those differences are not known. The plant



TAB

Effect of Zn carrier and
macronutrient concentrations

1

CTreatment s
conc. conc.

mg/g ng/g

comtrol 2.3 a 2.3
ZnEDTA (M) 5 2.0 a 2.5
ZnEDTA(D)5 1.8 a 2.2
Zns0, (M) 15 2.3 a 2.6
Znso4(D)15 2.4 a 2.7
ZnMNS (M) 15 2.4 a 2.7
ZnMNS(D)15 2.1 a.. 2.6
ZincGro(M)15 2.1 a 2.8
ZincGro(D)15 2.1 a 2.9
ZnEDTA(D)S5 2.3 a 2.7

+1 kg Fe/ha foliar
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LE 45

placement as well as Fe on
of barley shoots at Teulon in
978

K Ca Mg
conc. conc. conc.
ng/g mg/g ng/g

abc 8.6 a 3.0 2.5
be 8.3 a 3.0 a 2.3 a
c 7.8 a 3.3 a 2.3 a
abc 8.5 a 3.3 a 2.5 a
ab 10.1 a 3.6 a 2.9 a
ab 10.8 a 3.6 a 2.9 a
abc 9.8 a 3.7 a 3.0 a
ab 10.7 a 3.6 a 2.8 a
a 10.2 a 3.5 a 2.9 a
a 10.7 a 3.6 a 2.9 a

concentrations of all nutrients in barley except K would be

considered as sufficient. Potassuim 1levels in the plant

were low and were less than
proposed by Ward et al [116]
Because of the medium soil K
and because fertilizer K was
no shortage of K. The reason

known for certain but in the

the suggested deficient 1level
of 12.5 mg K/g plant material.
level of 277 kg/ha (Table 38)
added, there should have been
for the low plant level is not

General Discussion a possible
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érror in analysgs for K which would have resulted in errone-
ously low plant K levels for all field experiments will be
discussed. Conséquently, it is felt that the K level prob-

ably did not limit yield or interfere with the experiment.

Oat  grain yield and concentrations of all nutrients
except Fe in the shoots were not influenced by the fertilf
izer treatments (Tables 46 and 47). Grain yield may not
have responded to 2n fertilization because of the very small
increase in Zn uptake fesulting from Zn fertilization. Ho&-
ever, large responses to Zn fertilization would not have
been expected considering that plant Zn levels were probably
adequate when no Zn was applied. Oat shoot Fe concentration‘
‘ét heading stage was incréased slightly by the addition of 5§
kg Zn/ha as ZnEDTA_drilléd with the seed plus a foliar
application of 1 kg Fe/ha as FeDTPA (Table 46). As with
barley, K concentration was likely erroneously low although
all other nutrients would be considered sufficiént for nor-

mal growth.

Wheat grain yield and nutrient concentrations were not
influenced by addition of 5§ kg Zn/ha as ZnEDTA drilled with
the seed (Tables 48 and 49) ., As with oats, wheat grain
yield may not have increased because Zn fertilization was
not very effective in increasing Zﬁ uptake. However, plant
Zn levels would probably have been adequate without Zn fer-

Kl

tilization. Copper concentrations in wheat shoots were 1in
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‘TABLE 46

Effect of Zn and Fe on grain yield and micronutrient
-, toncentrations in oat shoots at Teulon in 1978

Treatment grain Cu Zn Mn Fe
yield conc. conc. conc. conc.
kg/ha ug/g ug/g ug/g ug/g

control 4361 a 4.1 a 15 a 32 a 41 a
ZnEDTA(D)5 4570 a beh a 18 a 32 a 43 b

+1 kg Fe/ha foliar

TABLE 47

Effect of Zn and Fe on macronutrient concentrations in oat
- ' -shoots at Teulon in 1978

Treatment )24 S K Ca Mg
cone. conc. conc. conc. conce.
mg/g mg/g mg/g ng/g ng/g

control 1.7 a 1.8 a 7.5 a 1.6 a 1.7 a
ZnEDTA(D)S 1.6 a 1.8 a 7.6 a 1.5 a 1.6 a

+1 kg Fe/ha foliar

the uppe% poftion of the low range established 1in ;he growth
chamhérk’study. Therefore, supply of Cu probably only
.slightly limited response to Zn. As with the other cereals,
K concentrations were likely only erroneously low whereas

all other nutrients were sufficient for normal growth.

Flax grain yield and shoot concentrations of all
nutrients except Zn in flax shoots were not influenced by
treatment (Tables 50 and 51). Flax shoot Zn concentration

was increased by the addition of fertilizer Zn (Table 50).




TABLE 48

Effect of Zn on_grain’yield and micronutrient concentrations
in wheat shoots at Teulon in 1978

Treatment grain Cu Zn Mn Fe
yield conc. conc. conc. conc.,
kg/ha ug/g ug/g ug/g ug/g

control 2805 a 4.8 a 15 a 28 a 42 a
-ZnEDTA(D)5 2814 a 4.8 a 19 a 24 a 42 a
TABLE 49

Effect of Zn on macronutrient concentrations in wheat shoots
at Teulon in 1978

Treatment P S K Ca Mg
' conc. conc. conc. conc. conc.
ng/g mg/g ng/g mg/g mg/g
~control 1.8 a 2.6 a- 8:6 a 1.3 a 1.7 a
ZnEDTA (D)5 1.6 a 2.5 a 8.8 a 1.3 a 1.7 a

Perhaps increases in plan; Zn concentration were greater
than in oats or whgat because the chelated SOUrCe yss pixed
throughout the éurface soil‘for flax in order to avoid see-
dling injury whereas it was drilled with the seed of oats
and wheat. However, responses to Zn fertilization would not
be expected since plant Zn levels were above the critical
level of 13 ug 2Zn/g established,.by McGregor [68]. All
nutrients except K would be considered sufficient for normal

growth.

108
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TABLE .50

Effect of Zn and Fe on grain yield and micronutrient
concentrations in flax at Teulon in 1978

Treatment grain Cu Zn Mn Fe
yield conce. conc. conc. conc.
kg/ha ug/g ug/g ug/g ug/g

control 1273 a 3.8 a 13 b 125 a 37 a
ZnEDTA(M)5 1240 a 4.3 a 20 a 160 a 36 a
ZnEDTA(M)5 1414 a 4.7 a 22 a 147 a 39 a

+Fe foliar

TABLE 51

Effect of Zn and ‘Fe on macronutrient concentrations in flax
shoots at Teulon in 1978

Treatment P S K Ca Mg
conce. cConcCe. CODC- CONncCe. conce.
mg/g mg/g mg/g mg/g mg/g

control 1.8 a 2.2 a 10.7 a 6.5 a 4.2 a
ZnEDTA(M)5 . 1.8 a 2.4 a 11.1 a 6.3 a 4.1 a
ZnEDTA(M)5 1.7 a 2.6 a 10.1 a 6.4 a 4.1 a

"+Fe foliar

Grain yield and ﬁutrient concentrations in rapeseed
shoots were not influenced by treatment (Tables 52 and 53).
The plant levels of all nutrients except K were sufficient.
Since plant Zn levels were not particularily low, substan-
tial yield increases would not have.been expected. Unfortu-
nately, howevér, plant Zn critical 1levels have not been

established for rapeseed.
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. TABLE 52

Effect of Zn on grain yield and micronutrient concentrations
in rapeseed shoots at Teulon in 1978

Treatment grain Cu Zn Mn Fe
yield conc. conce. conc. conce.
kg/ha ug/g ug/g ug/g ug/g

control 1369 a 2.9 a 16 a 38 a 43 a
“ZnEDTA(M)5 1606 a 2.9 a 20 a 37 a 37 b

TABLE 53

Effect of Zn on macronutrient concentrations in rapéseed
" shoots at Teulon in 1978

Treatment P S K Ca Mg
conce conc. conc. conc. conc.
mg/g ng/g ng/g ng/g ng/g

control 3.0 a 6.9 a 11.1 a 7.7 a 6.2 a




Chapter Vv

STUDY III: EFFECT OF CU CARRIER, PLACEMENT AND RATE ON
GROWTH AND CU UPTAKE OF BARLEY, OATS, WHEAT AND FLAX

5.1 INTRODUCTION

Yield of barley grown in 1976 on Menisino sand near
Zhoda, Manitoba was increased by the application of 5 kg
Cu/ha as-CuSO4 with the seed [63]. However, oats, wheat and
flax in the samelexperiment did not respond to Cu and all
yields were very low suggesting that some other factor may
have been 1limiting .responses» to Cu. McGregor [68] also
reportéd responsés in flax in the greenﬁouse to Cu.fertili—
zation on Pine' Ridge sand obtained from the Zhoda area.
Those experiments, however, did not determine the severity
of Cu deficiency'on those leached, sandy Brunisolic or gray
Luvisolic mineral soils which occur primarily in southeast-
ern Manitoba. The preliﬁinary research and results in the
literature would suggest that such soils would be the most
likely of any mineral soils to be deficient in Cu. The 1976v
field expérimeﬁt and the.greenhouse experiment also did not
determine the relative effectiveness of various Cu carriers
and methods of application.. The. present study was conducted.
to clgar“ up existing uncertainties about the need for Cu
fertilization and to determine the most efficient method of

supplying Cu if indeed the need for Cu fertilization was

- 111 -
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confirmed. - The experiments were conducted: on sandy soils
near Zhoda, becauée:it'was‘felt that if responses to Cu fer-
tilization were‘nqtfobtaided on those soils, they probably

would not be obtained on any mineral soil in Manitoba.

5.2 METHODS AND MATERIALS

5.2.1 Soil Properties

'The field site in 1977 was located at NW 1/4 16-4-7E near
Zhodafon'én imperfectly drained associate in the Menisino
association (Ehrlich et al [35]1). The soil texture was
loamy sand and_ it was clgssified as a Gleyed Eluviated
Eutric Brunisol. The fi¢1d~site in 1978 was 1located at NW
1/4 18-4-7E on a poorly-drainéd associate of the Pine Ridge
association (Ehrlich gﬁ._gl [35]). fhe soil texture was
loamy sand and it,wés classified as "a Rego Humic Gleysol,

Carbonated phase.

Soil 1levels of NO -N, 80,-S in 1978 and exchangeable

3 4
Ca+2, Mg+? and K+ were determined by the methods described

N

in Section 3.2.1. All other soil analyses were identical to
those described in section 4.2.1. Sulfate-§ as well gas
exchangeable Ca+2, Mg+2 and K+ were not determined in soil

from the 1977 field site.
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5.2.2 Experimental Design

Barley (Hordeum vulgare var Conquest), oats (Avena sativa

var Harmon in 1977 and var Hudson in 1978), wheat (Triticum

aestevum var Neepawa) and flax (Linum usitatissimum var

Dufferin) were grown. Plot size, replication and arrange=-

ment were the same as those at Teulon.

All treatments received the same macronutrient 1evels as
those at Teulon. The treatments used in 1977 and 1978 are
described in Table 54. Meanings for the terms "mixed" and

"drilled" are given in Table 35.

Seeding rates, midseason plant sampling and analysee,
weed control "and’ final harvest procedures were the same as
those for Teulon. Barley, eats, andrflax were seeded on May
20 in 1977 and on May 5 in 1978,ewhereas‘the seeding dates
for wheat were May 19 and May 4 in 1977 and 1978, respec~-
tively. Barley, eats and flax were havested 83 days after
seeding in 1977 and 87, 96, and 109 days after seeding, res-
pectively in 1978. - Wheat was harvested 99 and 97 days after

seeding in 1977 and 1978, respectively.

5.3 RESULTS AND DISCUSSION

5.3.1 Soil Characteristics

Chemical and physical characteristics of the soils at the
1977 and 1978 sites are given in Table 55. In 1977, the

site was slightly acidic with a pH of 6.8 whereas in 1978
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TABLE 54

Treatments for field experiments near Zhoda

Year Crops Carrier Rate ©Placement Abbrev.
(kg/ha)
1977 all —— -——- ——— 1 control
1977 barley, flax CuEDTA 1 (M) CuEDTA (M) 1
1977 sariey CuEDTA 1 (D) CuEDTA(D)1
1977 barley, flax  ZnEDTA 1.5 (M) ZnEDTA(M)1.5
1977 barley, flax Cuso, 1.5 (D)  Cus0,(D)1.5
1977 éll CuSO4 4 (D) CuSO4(D)4
1977 barley, flax Cuso, 10 (D)  Cuso,(D)10
1977 Earley, flax CuSO4 4 (M) CuSO4(M)4
1977 barley, flax CuSO4 4 (D) CuSO4(D)4
ZnEDTA 1.5 (M) + ZnEDTA(M)1.5
1978 alil —-—— —— —-——— control
1978 barley, flax  CuEDTA 2 (M) CuEDTA (M) 2
1978 barley, oats, CuEDTA 2 (D)  CuEDTA(D)2
wheat ’
1978 barley, oats, CuEDTA 2 (D) CuEDTA(D)2
.. wheat ZnEDTA 5 (D) + ZnEDTA(D)S
1978 flax CuEDTA 2 (M) CuEDTA(M)2
ZnEDTA 5 (M) + ZnEDTA(M)5
1978 barley Cuso, 10 (M) Cuso, (M) 10
1978 barley CuSO4 10 (D) CuSO4(D)10
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the site was calcareous having a CaCO0, equivalent of 7.5%

3
and a pH of 7.9. Nitrate-ﬁ ﬁés very high at the 1977 site
and medium at the 1978 site-éctording to the Manitoba Pro-
vincial Soil Testing Laboratofy guidelines. Sodium bicarbo-
nate extractable P was high in 1977 and low in 1978. The

levels‘of SO4-S and NH4Ac extractable K were medium in 1978.
The DTPA extractable soil Cu level in both 1977 and 1978 was
0.3 ug Cu/g soil which was 0.1 ug Cu/g‘in excess of the soil
Cu critiqal level suggested by Lindsay and Norvell [62].
The DTPA extractable soil Zn level was marginal in 1977 and
just adeqﬁate in'1978 acgording to Lindsay and Norvell’s

[62] guidelines. Levels of DTPA extractable Mn and Fe were

above suggested critical levels in both 1977 and 1978.

The addition of macronutrients in both years should have
eliminated any shortage of N, P, K or S. Of those nutrients

determined only Cu and Zn may have been deficient.

5.3.2 ' Grain Yields and Nutrient Concentrafions
5.3‘2.1' 1977AResuits

The fieidvsite in'i9f7‘suffered from a.éevere infestation
of armyworms shortly after barley, oats and wheat headed.
This resulted in nearly all 1leaves being stripped from
cereal plants and was felt to be a major contributor to the
low cereal crop yields. Although armyworms did not damage
the flax, it was harvested before maturity. Unfortunately,

flax was harvested at the same time as the cereals, only 83
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TABLE 55
Soil characteristics for.field experiments at Zhoda in 1977
. and 1978

T T

Classification Menisimo Pine Ridge

texture loamy sand . loamy sand

pH 6.8 7.§

0.M. % - 2.6 - 6.3

'Caco3 equivalent ¥ 1.0 1 ' 7.5

éond (mmhos/cm) 0.75 0.30

N03—Nzkkg/ha 0 -60 cm) ' 70 48

P04—P (kg/ha NaHCO3 0 - 15 cm) 32 16

304—8 (kg/ha H,0 ext 0-60 cm) - 32

K (kg/ha NH4AC pH=7 ext 0-15cm) --= 162

Cab(Z NH4Ac pH=7 ext 0-15) —-_——— 0.82‘

Mg (% NH,Ac pH=7 ext 0-15) _— 0.53

Cu (DTPA ext ug/g) 0-15cm 0.3 0.3

' 15-30cm 0.2 0.4
30-60cm 0.3 0.1

Zn (DTPA ext ug/g) 0-15cm 0.7 1.3
15-30¢cm 0.2 0.8
30-60cm 0.1 0.2

Mn (DTPA ext ug/g) “0-15cm 8.2 " 9.7

Fe (DTPA ext ug/g) 0-15cm » 56 32
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days after planting. Since no midseason samples were taken
fo£ flax no dataare presented here for flax. It is poséible
that the flax would have matured 1if harvest had been
deiayed. vﬁowever, it is interesting to note that failure to
set'seed is one of the symptoms of Cu deficiency and the
growth chamber study indicated that flax is very susceptible

to Cu deficiency.

Barley grain yield and nutrient concentrations in shoots

were not influenced significantly.,by Cu fertilizatiqn

(Tables 56 and 57). However, it-1is interesting to note that

mixing 4 kg Cu/ha as CuSO4 with the surface soil resulted in
the highest»plaﬁt_Cu concentration. Sulfur concentrations
in‘the midseason samples were all below the low level sug-
gested by Ward et al [116] for all treatments other than the
control. The combined effect of armyworms infestation and
low S concentrations in the shoots were felt to be responsi-
b1e for the low fieids and perhaps partially responsible for
therlack of response .in yield and plant Cu concentration to
Cu fertilizatiqn;vaithough large yield responses to Cu fer-
tilization wou1d not‘be expected since plant Cu concentra-
tions were slightly above the critical level established in
the growth ghamber study. Plant levels of‘ all nutrients
other than S were above suggested critical levels (Tables 56
and 57). It is surprising that plant 2Zn concentrations were
so high in barley ‘as well as oats and wheat when it is con-

sidered that the DTPA extractable soil Zn level was about
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the same as that at Teulon in 1977 and lower than at Teulon

in 1978.

TABLE 56

Effect of carrier, placement and rate as well as Zn on grain
yield and micronutrient concentrations in barley shoots near
' Zhoda in 1977

Treatment grain Cu Zn Mn
yield conce. conc. conc.
kg/ha ug/g ug/g ug/g

'Z;;E;Si"""5655';""""Z?Z';"""""3'5';""""52';'"
Cusd4(n)1.5 2108 a | 3.7a 30 a 36 a
CuSO, (D)4 2012 a | 5.1 a. " .29 a 34 a
Cus0,(D)10 2072 a 4}2 a. 29 a 38 a
CuSd4(M)4 2176 a 7.4 a '  37 a 40 a
CuEDTA(M)1 ~ 1882 a 5.0 a " 30 a 36 a
CuEDTA(D)I 1952 a 3.6 a 37 a 34 a

ZnEDTA(M)1.5 1970 a - 4.9 a 32 a 34 a
ZnEDTA(M)1.5 2182 a 3.9 a 34 a 40 a
+Cus0, (D)4 ~

Oat : g;ain yield and plant nutrient concentrations were
not influenced by the addition of CuSO4 (Tables 58 and 59).
As with barley, the shoot S concentrafions were below the
low level suggested by Ward et al [1l16]. The low S and

armyworm damage were felt to be major factors in the low
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TABLE 57

Effect of Cu carrier, Placement and rate as well as Zn on
macronutrient concentrations in barley shoots near Zhoda in

1977

: conce. conce. conce. cConce. conce.

ng/g mg/g mg/g mg/g mg/g

Ccontrol | 3.8 8 1.5 a 17z e eI

Cuso, (0)1.5 3.6a 1.4 a 17.5a  5.4a 2.5 a
Cus0, (D)4 3.4 a 1.4 a 16.8a  6.7a 2.9 a
Cu$0,(D)10 3.5 a 1.2 a 17.4 a 5.9 a 2.7 a
Cgso4(M)4 3.9 a 1.4 a 18.7 a 7.0 a 3.2 a
CuEDTA(M)l 3.6 a 1.3 a 19.5 a 6.4 a 2.7 a
CuEDTA(D)1 3.9 a 1.2 a 17.1 a 6.5 a 2.8 a
ZnEDTA(M)I;S. 3.9 a 1.3 a 19.7 a 6.1 a 2.6 a
ZnEDTA(M)1.5 3.7 a 1.3 a 19.7 a 6.4 a 2.7 a

+CuSO4(D)4

grain yields. All other nutrients including Cu were above
their respegtive critical levels (Iables SQ»and 59) conse=-
quehtly responses tovCu fertilization would pbt-be expected,
.especially since Cu fertilization did not increase plant Cu

concentration.

Wheat grain yield was increased by the addition of 4 kg

Cu/ha as CuSO, drilled with the seed. -The yield level was

4

very low due to armyworm damage and a suspected S defici-

ency. Sulfur concentration in the shoots at midseason har-
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. TABLE 58

Effect of Cu on grain yield and micronutrient concentrations
in oat shoots near Zhoda in 1977

Treatment grain Cu Zn Mn
yield conce. conc. conc.
kg/ha ug/g ug/g ug/g

control 1266 a 5.6 a ~ 39 a .60 a
CuSOa(D)4 1430 a 5.4 a 34 a 62 a
TABLE 59

Effect of Cu on macronutrient concentrations in oat shoots
: near Zhoda in 1977

Treatment P S K Ca Mg
conc. conc. conce. conc. conce.
mg/g mg/g ng/g mg/g ng/g

control 3.7 a 1.3 a 18.3va 5.4 a 2.5 a
Cus0, (D)4 . 3.8 a 1.3 a 20.2 a 5.2 a 2.4 a

vest for the control was lower than the lowﬂlevels suggested
by Ward et al [1}6]- Nutrient concentrations were not
influenced significantly by the addition of Cu. However, a
yield response to Cu fertilization would be expected since
Cu concentration increased nonsignificantly from 3.7 ug Cu/g
which is in the low range established in the gr;wth chamber
study to 5.2. ug Cg/g.»which,.is in' the'vsufficiency range.

Plant concentrations of all nutrients other than Cu and §

were above suggested critical levels.
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-~ TABLE 60

Effect of Cu on grain yieid and micronutrient concentrations
in wheat shoots near Zhoda in 1977

Treatment grain Cu Zn Mn
yield conc. conce. conc.
kg/ha ugl/g ug/g ug/g

control 1200 a 3.7 a 36 a 34 a
CuSO4(D)4 1352'b 5.2 . a 38 a 39 a
- TABLE 61

Effect of Cu on macronutrient concentration of wheat at
Zhoda in 1977

Treatment P S K Ca Mg
conc. conc. conc. conc. conc.
ng/g ng/g ng/g mg/g mg/g

control 3.8 a 1.2 a 19.3la 4.3 a 2.3 a
CuSO4(D)4 : 3.9 a 1.5 a 21.1 a 4.3 a 2.4 a

5¢3.2.2 1978 Results

.All crops experienced very severe hail damage on July 17,
1978 at the soft“dough stage of the cereals. The hail dam-
age was at least partially responsible for the low yields
and may have.contributed to the lack of response in yield to

Cu fertilization in all crops.

Copper concentration in barley shoots‘at midseason was
increased by the addition of supplemental Cu to barley
(Table 62). Placement of the Cu also had a significant

influence. Mixing either CuEDTA or CuSO4 was better at sﬁp—
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TABLE 62"

Effect of Cu carrier and placement as well as Zn on grain
"yield and micronutrient concentration in barley shoots near
= Zhoda in 1978

" Treatment  grain | ow  zamaTTTTITTTTC
yield conc. conce. conce. conc.
kg/ha ug/g ug/g ug/g ug/g

Ccomtrol | 2318 & 4.34 25 2 e TiznnT

CuEDTA(M)2 2067 a 5.5 a 27 b 18 be 107 b
CuEDTA(D)2 2371 a 5.0 be 28 b 18 ¢ 110 b
Cus0, (M)10 2135 a 5.2 ab 24 b 18 be 104 b
CuS0,(D)10. 2138 a 4.6 cd 26 b 18 be 112 b
CuEDTA(D)2 2245 a . 5.2 ab 32 a 19 ab 146 a

+ZnEDTA(D)S

Plying available Cu to barley thaﬁvgrilling with the seed
suggesting that for optimum Cu uptake even CuEDTA should be
mixed rather than banded. This result suggested that Cu
fertilization might have increased oat and wheat yields more
iﬁ 1977 if CuSO4 "had been mixed with the surface soil
- instead of drilled with the éeed. Copper carriers also
- influenced plant Cu uptake. Ten kg of Cu as CuSO4 was
approximately as effective as 2.kg of Cu as CuEDTA, suggest-
ing that the chelated source was 5 times as effective as
CuSO4. Addition of CuEDTA along with ZnEDTA increased both

Cu and Zn concentrations. It is not surprising that there

.was mno yield response to Zn fertilization since plant 2Zn
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TABLE 63

Effect of Cu carrier and—placement as well as Zn on
macronutrient concentrations in barley shoots near Zhoda in

1978
Crreatment b s a o eaTTTTe
' conce. conc. conce. conc. conc.
ng/g ng/g ng/g mg/g mg/g
control | 2.4 8 1.7 a 67 s asa il
'CuEDTA(MSZ 2.5 a 1.6 a 7.3 a 3.4 a 1.9 a
CuEDTA(D)2 2.6 a 1.5 a 674 a 3.3 a 1.9 a
CuSOA(M)IO 2.5 a 1.5 a 6.9 a 3.3 a 1.8 a
Cu$0,(D)10 2.5 a 1.5 a 6.6 a 3.2 a 1.8 a
CuEDTA(D) 2 2.6 a 1.6 a 7.0 a 3.7 a 2.0 a

+ ZnEDTA(D)S

concentrations were well above the critical level éf 12.5 ug
Zn/g established for barley by Akinyede [2]. In addition
all treatments had shoot Cu concentrations within the suffi-
ciency range established in the growth chamber study. Con-
sequently, even without the hail damage there probably would

not have been yield responses to Cu fertilization.

Manganese and Fe concentrations in Barley shoots were
affectéd oﬁly“ slightly by treatment. All ofher nutrients
analyzed were not influenced by treatment (Table 63). Shoot
concentrations of all nutrients except Mn and K were above
suggested critical levels. Manganese concentrations in bar-

ley were just in the low range suggested by Ward et al
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[116]. Therefore, the Mn deficiency wasg’ likely only slight
end probably did not influence?vrespcnses to Cu or Zn.
Potassium levels .in bsrlefﬁshcotsfwere_very low which was
not expected consideriné.the;high soil test results and the

fact that 107 kg K O/ha was added to ensure sufficient K

supply. It will be seen later that the low K 1evels may

have resulted from errors in analysis 80 that K deficiency
probably did not occur and was not limiting the response to

Cu or Zn.

Concentration of Fe in oat shoots (Table 64)- was
decreased by the addition of either CuEDTA or CuEDTA plus
ZnEDTA. The cause of that decrease'is not known. It prob-
ably did not result from dilution since yield was not influ-
enced by Cu fertilization. i Plant concentrations of al1l
other nutrients including Cuvwere-nct”infiuenced by treat-
ment. Perhaps more Cu and Zn should have been applied or
the more efficient mixed application method used. As with
barley, the plant concentrations of Mn and K were low. How-
ever, tor the same reasons'given for barley Mn and K defi-
ciencies probably did not 1limit response to Cu. Plant con~-
centrations of all other nutrients, including Cu were above
suggested critical levels (Tables 64 and 65). As with bar-
1ey,. oats suffered from hail - damage which definitely
decreased yields and may have influenced responses although
large responses to Cu would not have occurred since piant Cu
levels were just within the sufficiency range and increased

only slightly as the result of Cu fertilization.
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TABLE 64

Effect of Cu and Zn on grain yield and micronutrient
concentrations in oat shoots near Zhoda in 1978

Treatment grain Cu Zn Mn Fe
yield conc. conc. conc. conc.
kg/ha ugl/g ugl/g ug/g ug/g

control 1773 a 2.7 a 20 a 19 a 93 a
. CuEDTA(D)2 1778 a 3.2 a 21 a 18 a 74 b
CuEDTA(D)2 1664 a 3.5a 22 a 17 a 73 b

+ ZnEDTA(D)S5

Effect of Cu’and Zn on macronutrient concentrations in oat
' shoots near Zhoda in 1978

Treatment P S K Ca Mg
conce. conce. COncCe. conce. COoOncC .
mg/g mg/g mg/g mg/g ng/g

control 2.4 a 1.8 a 8.0 a 3.0 a 2.5 a
CuEDTA(D)2 2.5 a . 1.9 a 8.7 a 3.5 a 2.8 a
CUEDTA(D)Z 2.3 a ' 1.7 a 7.6 a 3.0 a 2.5 a

+ ZnEDTA(D)5

Nutrient concentrations other than Cu in wheat éhoots
were not influenced by treatment (Tables 66 and 67). Two kg
Cu as CuEDTA drilled with the seed increased Cu concentra-
tionsvin wheat shoots from 3.3 ug Cu/g, in the low range as
established in the growth chamber, to 5.2 ug Cu/g, which vas
in the sufficiency range. The addition of CuEDTA plus

ZnEDTA increased shoot Cu concentration to 4.6 ug Cu/g, how-
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ever, this‘concentration would still be considered as low.
Grain yiel&s wére very low, likely as a result of hail dam-
age. ‘The lack 6f response to Cu may have resulted from hail
damage. 'As‘wifh barley and oats, both Mn and K shoot con-
centrations were low. However, it is felt that deficiencies

in Mn and K were not limiting response to Cu. All other

nutrients were in sufficient supply for normal growth.

TABLE 66

Effect of Cu and Zn on grain yield and micronutrient
concentrations in whesdt shoots near Zhoda in 1978

Treatment grain Cu Zn Mn Fe
yield conc. conc. conc. conc.
kg/ha ug/g ug/g ug/g ug/g

control / 1550 a 3.3 ¢ 27 a 21 a 173 a
CuEDTA(D) 2 1702 a - 5.2 a 28 a 20 a 172 a
CuEDTA(D)2 1809 a 4.6 b 31 a 20 a 204 a
ZnEDTA(D)S5 '

TABLE 67

Effect of Cu and Zn on macronutrient concentrations in wheat
: shoots near Zhoda in 1978

Treatment P S K Ca Mg
. conc. conce. conce. cCOonceCe. conce.
mg/g mg/g mng/g ng/g mg/g o
control 3.0 a 1.9 a 8.4 a 3.4 a 2.2 a
CuEDTA(D) 2 2.9 a 1.9 a 8.8 a 4.0 a 2.6 a
CuEDTA(D)2 2.9 a 1.9 a 7.9 a 4.1 a 2.6 a

ZnEDTA(D)S5
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Copper conceﬁtrations in‘flax shoots were not lnfluenced
significantly by Cu fertilization (Table 68). .However, it
should be mentioned that the 2.3 ug Cq/g concentration when
no Cu was applied would be considered deficient as estaﬁl-
ished in the growth chamber study whereas 3.7 or 4.3 ug Cu/g
would be considered sufficient. Flax Zn concentration
(Table 68) was increased by the addition of ZnEDTA. rHow—
evér, a 1arge'yieid increése would not have been expected
since plant Zn concentrations were slightly above the criti-
cal level suggested by McGreéor [68]l]. Calcium and Mg con-
centrations ‘were decreased slightly by the CuEDTA plus
ZnEDTA treatment (Table 69).. Hoﬁeve£, the causes of those
decreases are not known. No otﬁer pPlant nutrient levels
were influenced by treatment. Potassium concentrations in
fla# shoots (Table 69) were véry low but for reasons previ-
ocusly mentioned in this section are felt to have no effect
on the results. Plant concentrations'of all nutrients other

than Cu and K were adequate for good growth.
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TABLE 68

Effect of Cu and Zn on grain yield and micronutrient
concentrations in flax shoots near Zhoda in 1978

Treatment grain Cu Zn Mn Fe
yield conce. conc. conce. conc.
kg/ha ug/g ug/g ug/g ug/g

control 1073 a 2.3 a 13 ¢ 52 a 116 a
CuEDTA(M)2 1106 a 3.7a - 16 b 59 a 129 a
CuEDTA(M)2 914 a 4.3 a 25 a 49 a 116 a
+ ZnEDTA(D)S5 &

TABLE 69

 Effect of Cu and Zn on macronutrient concentrétions of flax
~shoots near Zhoda in 1978

Treatment P S K Ca Mg
conc. conc. conc. conce. conc.
mg/g mg/g ng/g mg/g ng/g

control 2.7 a 2.0 a 7.4 a 11.9 a 4.9 a
CpEDTA(M)Z 2.5 a 2.1 a 6.4 a 11.4 a 4.8 a
CuEDTA(M) 2 2.1 a- 1.9 a 6.3 a 9.6 b 4.0 b

ZnEDTA(M)S



Chapter VI

~STUDY 1IV: THE INFLUENCE OF CU CARRIER, RATE AND PLACEMENT
UPON YIELD AND NUTRIENT UPTAKE OF CEREALS AND FLAX ON
T ORGANIC SOILS

¥

6.1 - INTRODUCTION

| Organic soils have historically been the most likely of
any group‘of soils to be severely'déficient in Cu. Gusta
[44] reported a significant increase 1in wheat yield as a
‘result‘of Cu fertilization of a shallow organic soil near
stead in 1964-1‘Workers in Minnesota established the need
for Cn'fertilizétion of cereal crops in Roseau County, Min-
nesota about 40 km from Piney. This study was initiated to
determine if_Cu.‘deficiency inbcereal crops and flax also
occur on organin soils in Manitoba and to evaluate the rela--
tive effectiveness of various Cu fertilizers and placement
methods. In 1977, barley, oats, wheat and flax were grown
on organic soil near Piney, Manitoba. In 1978, those crops
were again grown near the 1977 Piney site. Also in 1978,
micronutrients were added to wheat on organic soils near

Marchand and Stead.

- 129 -




130

6.2 METHODS AND MATERIALS

6.2.1 Soil Properties

The field sites at Piney in 1977 and 1978 were on the
farm of S. Goodman locafed at NW 24-1-11E. The so0il at the
1977 site was mapped by Mills et al [71] in the Murry Hill

series which is a Terric Mesisol. The s80il at the 1978 site

was placed by Mills et al [71] in the Stead series which is

classified as a Typic Mesisol. The field sites at Marchand
and Stead in 1978 were located at NW 10-5-8E and SV
32-17-9E, respectively, and were mapped as bog soils but

would both be classified as Terric Mesisols.

‘Analyses of the soils for pH, conductivity, N03-N, SO4

NH4Ac:ektractable Ca, Mg and K as well as available Cu, Zn,

-8,

Mn and Fe were all as described in Section 3.2.1. Plant
available soil P wasvestimated in 1977 by the NaHCO3 method
described in Section 4.2.1 and in 1978 by the Bray #1 method

described in Section 3.2.1. S0il organic matter and carbo-

nate levels were analyzed as described in Section 4.2.1.

6.2.2 Experimental Design

%
Barley (Hordeum vulgare var Conquest), oats (Avena sativa

var Harmon), wheat (Triticum aestivum var Neepawa) and flax

(Linum usitatissimum var Dufferin) were seeded at Piney on

May 24 in 1977. Barley was seeded on May 15 in 1978 whereas

oats (Avena sativa var Hudson) and flax were seeded on May

16 near Piney. Flax was killed by frost on June 10th, 1978,

so that no experimental results were obtained. Barley, oats



131
and Qheatvwere severely set back by that frost but totally
recovered so that final yields were hot affected. Wheat was
seeded in separate experiments near Piﬁey as well as Marc-
xhapd and'Stead on May 16, May 22 and 23 and Ma& 29, 1978,

respectively.

All crops except wheat in 1978 at Piney received the same
macronutrient treatments as outlined in Section 4.2.2. The

wheat experiments in 1978 at Piney, Marchand and Stead

received 120 kg N/ha mostly as NH,NO.. The remaining N was -

4773

applied with the phosphate as NH4H2P04

»PZOS/ha. Sulfur was applied to wheat in 1978 as elemental

sulfur (90%Z S) at a rate of 50 kg S/ha and K as KCl at a

at a rate of 50 kg

rateiof'180 kg K20/ha. The P fertilizer was drilled with
the"seed whereas the other macronutrients were broadcast

immediately after seeding.

The treatments used for all crops in 1977 and for barley
and oats in 1978 are given in Table 70. Treatments for the
wheat experiments ég Piney, Marchand and Stead in 1978 are
listed‘in Table 71. Method of application of Cu and ZnSO4
in the wheat éxperiment differed from that in other field
experiments. They were broadcast in fine crystalline form
and mixed With_surface 10 cm by rototilling prior to seed-
ing. Plot size, arrangement- and replication as well as
seeding rates and weed control ﬁere the same as those at

Teulon and Zhoda.
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-

TABLE ‘70

Treatments for field experiments at Piney in 1977 and 1978

Year | rops | Carrier mare Piecemsmi misIIITTeeee
‘ (kg/ha)
1972 barley, wheat ——— -——— -——— control
1977 barley CuEDTA 1.5 (M) "CuEDTA(M)1.5
1977 barley ' CuEDTA 1.5 (D) CuEDTA(D)1.5
1977'barléy L . Cuso, 2.5 (D) CuS0,(D)2.5
1977 barley, whgat CuSO4- 7 (D) CuSO4(D)7
1977 barley Cuso, 17 (D) Cus0,(D)17
1977 barley cuso, 7 (M) Cus0, (M)7
1978 barley, oats _— —— - control
1978 barley CuEDTA 2 (M) CuEDTA (M) 2
1978 barley, oats CuEDTA 2 (D) CuEDTA(D)2
1978 barley, oats CuEDTA 2 (D)  CuEDTA(D)2
: MnSO4 1 foliar + ékg Mn/ha
oliar‘
1978 barley Cuso, 10 (1) cuso, (M)10
1978 barley - - Cuso, 10 (D) Cus0,(D)10

Midseason samples of all crops were taken when cereals
were at the heading stage or abouf 50 days after seeding.
Sampling and analytical Procedures were identical to those
for studies at Zhoda and Teulon. Barley, wheat and flax
were harvested 93 days after seeding in 1977 and 98, 109 and

108 days after seeding in 1978 for barley, oats and wheat,
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TABLE 71

Treatments used for wheat grown on organic soil at>Piney,
Marchand and Stead in 1978

Treatment : broadca;t ‘broadcast foliar
number Cu Zn Mn

" kg/ha ' kg/ha . kg/ha

(as CuS0,) (as ZnS0,) (as MnSO0,)
e T IS, S S SO SO

1 0 o 0
2 10 20 1
3 10 20 (1]
4 10 0 1
5 0 20 1

respectively. Harvesﬁing procedures were identical to those

for the other field studies.

6.3 RESULTS AND DISCUSSION

6.3.1 Soill Characteristics

Some soil characteristics and available nutrients are
listed in Table 72 for Piney in 1977 and 1978 and in Table
73 for Marchand and Stead in 1978. Bulk densities of all
soils were very low being approximately one tenth the bulk
density of a typical mineral soil. Soil pH at the Piney
site in 1977 and-1978 was- slightly- above -neutral. Soil at
the Marchand site in 1978 had a PH of 7.7 which 1likely
reéulted from the 4.4% CaCO_, equivalent in that soil. Soil

3
at the Stead site had a pH which was slightly acid. Soil at
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the Piney site was high in N03-N in 1977 ;and low in N03-N in
1978 according to Manitoba Provincial Soil Testing Labora-
| tory guidelines. Phosphate-P in‘ 1977 4was determined by
NaHCOS extraction and would be considered as very low. Soil

P04-P in 1978 at all sites was determined by the Bray #1

‘method and was very low. Levels of 804-8 ‘were not deter-

mined in 1977 at Piney, but in 1978 the soil SO4-S level at.d‘J

Piney ‘'was medium and the levels at Marchand and Stead were
very high.' Soil K availability‘was not estimated in 1977
bnt was very low at Piney, Marchand and Stead in 1978.
Macronutrient deficiencies should not have occurred, how-
,ever,A since macronutrient nfertilizer levels were high.
Availabilit& of Cu, Zn, Mn andiFe_were estimated by DTPA
extraction with a 1 to 10 instead_ofil;to 2 soil to solution
ratio. Because of the.different'ratio and because the bulk
densities of the soils were also anproximately one tenth
that of a typical mineral soil, comparison to suggested cri-

tical levels for mineral soils is virtually impossible.

6.3.2 Yields'and Nutrient Concentration
6.3.2.1 1977 Results |

Barley grain yielde were very high and were not influ—
enced by treatment (Table.74)...Although.shoot%MnAconcentra-
tions were just in the upper portion of the 1low vrange‘
according to the guidelines of Ward et al [116], plant lev~-

els of all other nutrients including Cu were adequate for
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TABLE 72

Soil characteristics and availabie nutrients for field
studies at Piney in 1977 and 1978

I Y R sty
Classification Terric mesisol  typie mesisoi
bulk density (g/cm3) 0.14 0.14
pH K 7.3 | 7.1
0.M. % . 77
con& (mmhos/cm)  . H 0.21 . , 0.28
NO;-N (kg/ha 0-60 cm) \;;" 66 15
P04-P (kg/ha NaHCO, 0-15 cm) 7.2 -_—

PO,-P (kg/ha Bray #1 0-15 cm) -—- 1.1

50,5 (kg/ha H,0 ext 0-60 cm) — 25
K (Kg/ha NH4Ac pH=7 ext 0-15 cm) ~--= 46
Ca (% NH4Ac pH=7 ext 0-15 cm) - 0.67
Mg (% NH,Ac pH=7 ext 0-15 cm) — 0.28
Cu’éDTPA.ext ug/g) 0-15cm 1.6 0.6

. 15-30cm 2.0 0.8

) 30-60cm 1.7 0.5

Zn (DTPA ext ug/g) O-15cm 41 15
15-30cm 1.5 1.9

30-60cm 1.8 1.1

Mn (DTPA ext ug/g) 0-~15cm 24 102

Fe (DTPA ext ug/g) 0-15cm 195 384
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TABLE 73 -
Soil characteristics and availableiputrienfs for field
' studies at Marchand and Stead in 1978

Marchand Stead
EI;;;IEIZ;ZISI""-"","-E;§§EE_—;ZQIQSI"?;;;IZ_;;QIQSI"
bulk densities (g/cm3)1' ' 0.16 ;, 0.13
pH o 7.7 6.5
0.M. % , | 64 82
cond (mmhos/cm) ‘ - 1.1 ' 0.8
CaCO3veguiva1ent.Z _ 4.4 , ———
NO,-N (kg/ha 0-60 cm) 100 41
P04-P (kg/ha Bray #1 0-15 cm) '  0.4 kff 3.7
50, -5 (kg/ha'nzo ext 0-60 cm) 381 o | 898
K (kg/ha NH,Ac pH=7 ext 0-15 cmj 19 ,‘ 77
Ca (% NH,Ac pH=7 ext 0-15 cm) 1.3 . 0.67
Mg (% NH4Ac pH=7 ext 0-15 cm) 0.34% 0.38
Cu (DTPA ext ug/g) 0-15cm | 1.0 1.0

15-30cm 1.3 1.0
30-60cm 0.3 1.6
Zn  (DTPA ekfiug/g) 0-i5cm 3.6 9;7
15-30cm 2.3 7.3
30-60cm 0.2 3.3
Mn (DTPA ext ug/g) 0-15cm 30 , 129

Fe (DTPA ext ug/g) 0-15cm 470 253
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good plaﬁt growth. Therefore, it 1is not surprising that
there were no réépdnsés to Cu fertilization. This points

out once again that barley is relatively_resistant to Cu

deficiency. Thejvgry high barley yields suggest that Mn

deficiency'was'only vefy slight. Although plant Cu 1levels
were influenced by treétment, Cu fertilization had no influ-
ence on plant 1evels'§f other nutrieﬁts. Mixing CuSO4 or
CuEDTA with the soil was much more effective in increasing
plant Cu concentration than drilling those carriers with the
seed which was totally ineffective in increasing Cu uétake.
' Those resuits would be expected for CuSOa'but not for CuEDTA
which is usuallyvmuchumdre mobile in soil than CuSO4. Per -
haps thg CuEDTA was not as stable in the organic soil as in
mineral soil; This woﬁld not be surprising considering that
Cu readily forms insoluble complexes with organic matter.
The chelated form of Cu apﬁeared to be about 5 times as
effective as Cqu4 considering that plant Cu concentrations

were the same when 7 kg Cu/ha as CuSO4 or 1.5 kg Cu/ha as

CuEDTA were mixed with the surface soil.

‘ Wheat grain yield and nutrient concentrations were not

influenced by the addition of 7.0 kg Cu/ha as CuSO4 drilled

with the seed (Tables_76 and 77). The grain yield was quite

low and definitely not near potential-yield-~-€opper concen——- -

‘tration in wheat shoots were in the low range of 3.0 to 4.9
ug Cu/g as suggested in the growth chamber study. Manganese

concentrations in wheat shoots were just in the upper por-
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TABLE 74

Effect of placemént, carrier and rate of Cu on grain yield
and micronutrient concentrations in barley shoots at Piney

in 1977

Ttmtgiczn

yield conc. conc., conce.

kg/ha ug/g ug/g ug/g
'ZS;Z;ZI'""'Z}'EI";"""*"Z'.'I"Ef“'"SSTE“;"""EZTZ';"'
CuSOA(D)Z.S 5199 a | 4.4 b 35;7 a 25.5 a
Cuso, (D)7 5195 a 5.0 b 33.1 a 21.3 a
Cus0,(D)17 5241 a 5.3 b 32.4 a 20.0 a
Cus0,(M)7  .5001 a 8.4 a 33.3a . 20.9 a
CuEDTA(M)1.5 4732 a 8.9 a 43.4 a 19.6 a
CuEDTA(D)1.5 5135 a 5.9 b 34.0 a 21.0 a

et al [116]. Thus, the ineffectiveness of the drilled
épplication of CuSO4 and perhapé a slight Mn deficiency were
probably’responsible for_the low yields. Frost injury also
occﬁréed‘but since'barley yielded extremely well and flax
was not destroyed by the frost, frost was probably not the

major contributor to the low yield of wheat.

Flax was unfortunately harvested before maturity at the
Piney site in 1977 and therefore total dry matter yield at
the end of the growing season instead of grain yield is

reported in Table 78. Neither dry matter yield nor plant
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TABLE 75

Effect of placement, carrier and rate of Cu on macronutrient
concentrations in barley shoots at Piney in 1977

__-_____..___._____—.__.__—___-__.—....._______.____—__—____-—__._.___—_

Treatment P S K Ca Mg

conce. conce. conc. conce. conc.

mg/g mg/g mg/g mg/g mg/g
'Z;;EESI'"’"'7Z?T;'“"Z?6';"'E6?5';"";?5"‘;*“5?5';'"
Cu$0,(D)2.5 4.9 a 1.9 a 18.8 a - 8.9 a 3.8 a
Cuso, (D)7 4.5 a 1.9 a 17.2a° 8.4a 3.5 a
Cusb4(b)17' 4.5a  2.1a 18.1a 8.6 a 3.5 a
CuSO4(M)7 4.7 a 2.0 a 18.6 a 8.4 a 3f5 a
CuEDTA(M)1.5 4.7 a 1.9 a 18.2 a 8.2 a 3.4 a
CuEDTA(Djl.s 4.2 a 1.8 a 18.7 a 7.5 a  3.19 a

concentrations of nutrients were influenced significantly by
treatment (Tables 78 and 79), All nutrient concentrations,
including Cu, would be considered sufficient for normal

growth.

No érain, yield 1is reported for oats at Piney in 1977
because they were destroyed by rust. However, midseason

samples were taken and nutrient concentrations are reported

in Tables 80 and 81. Addition of Cu as CuSO drilled with

4

the seed did not influence nutrient concentrations. --Plant -

concentrations of all nutrients other than Mn were suffi-
cient for normal growth. Plant Mn levels were just slightly

below the sifficiency level established by Ward et al [116].
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TABLE 76

Effect of Cu on grain yield and micronutrient concentrations
in wheat shoots at Piney in 1977

Treatment grain Cu Zn Mn
yield conc. conc. conc.
kg/ha ug/g ug/g ug/g

control 1284 a 3.8 a 38.3 a 23.2 a
CuSO4(D)7 1417 a 3.1 a 39.3 a 22.6 a
TABLE 77

Effect of Cu on‘macronutrientAconcentrations in wheat shoots
' at Piney in 1977

Treatment P S K Ca Mg
conc. conc. conc. conc. conc.
mg/g ng/g mg/g. mg/g mg/g

control 4.6 a 1.6 a 22.5 a 5.0 a 3.2 a
Cuso, (D)7 5.0 a ~ 1.8 a 18.6 a 4.7 a 3.3 a

However, it is unlikely that a deficiency in Mn or any other

nutrient contributed significantly to the failure of the

oats to yield.

6030202 1978 Results

Barley grain yield and plant concentrations of Mn, Fe, P,
S and K were not influenced by treatment (Tables 82 and 83).
Zine, Ca and Mg concentrations were increased slightly by

all Cu treatments exXcept CuEDTA(M). The cause of those

~
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TABLE 78

1977
Treatment dry Cu Zn Mn
matter conce. conc. conc.
yield ug/g ug/g ug/g
kg/ha
control 7126 a 3.5 a 31.2_a 54.7 a
Cus0, (D)7 8117 a 5.0 4 36.2 a 49.7 a
CuSO4(M)7 9917 a 5.7 a 33.9 a. 58.6 a
CuEDTA(M)1.5 9213 a 6.3 a 35.7 a 41.7 a
‘ - TABLE 79

Effect of Placement and carrier of Cu on macronutrient
- toncentrations in flax shoots at Piney in 1977

—___——____-_—______—_______—___..___—______—__.___——..______-_

Treatment P S K Ca Mg
conc. conce. conc. conc. conce.
mg/g mg/g mg/g mg/g mg/g

control 4.6 a 2.3 a 19.7 a 10.0 a 4.9 a
Cus0, (D)7 “6a . 2.0a 18.6a 9.5 4 4.3 a
CuSO4(M)7 4.3 a 2.1 a 18.4 a 9.4 a 4.5 a
CuEDTA(M)1.5 4.5 g 2.1 a 20.3 a 9.4 a beb a

increases is not_known.- It may have been 4a sSynergistic
effect, but that would not explain increases in Zn, cCa andv
Mg concentrations in treatment CuSO4(D)10 when there was no
increase in Plant Cu concentration. Shoot concentrations of

Cu were influenced by both Cu carrier and pPlacement method.
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1 . TABLE 80

Effect of Cu onwgréin yield and micronutrient concentrations
in oat shoots at Piney 1in 1977

Treatment grain Cu Zn Mn
yield conce. conc. conc.
kg/ha ug/g ug/g ug/g

control " no 3.6 a <'37.7 a 23.7 a
Cus0, (D)7 yield 4.0 a 38.8a - 23.1 a
TABLE 81

Effect'of'Cuéon macronutrient concentrations in oat shoots
' at Piney in 1977

‘Treatment P S K Ca Mg
conc. conc. conc. conc. conc.
mg/g ng/g ng/g mg/g ng/g

control ‘4.5 a 2.3 a 14.8.a 4.3 a 3.8 a

CuSO4(D)7 442 a 203 a’ 17.9 a 3.6 a 3.7 a

Plant Cu concentration in the control treatment was in the
low range according to guidelines established in the growtﬁ
chamﬁer experiﬁentjwhgreas plant Cu concentfations in all
treatmentvwhiqh included supplemental Cu were in the suffi-
cient range. .However, the corresponding increases in grain
yield were not statistically significant because of non-
treatment variation; The influence of Cu fertilizer place-
ment §n Cu uptake was similar to that at Zhoda in 1978 and
Piney in 1977. Mixing CuEDTA or CuSO4 with the surface 10

¢m was superior to driiling either source with the seed
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although ‘the difference was much greater for CuSO4 than for
CuEDTA. Mixing 2 kg Cu/ha as CuEDTA was the most effective
treatment, significantly better than mixing 10 kg Cu/ha as
Cusoa. This indicated that CuEDTA was at least 5 times more
efficient than Cusoé. When both sources were drilled with
the seed, CuEDTA was considerably more than 5 times as
effective as‘CuSO4 since drilling CuSO4 was almost totally
.ineffective. Manganese,concentrations were lower than in
any other experiments and ﬁay have slightly.limited reéponse
to Cu fértilization. ’Thé low K concentration ‘1ikely
resulted from ‘erroré in analysis which will be discussgé
later. The abplication of Mn as a foliar spray of MnSO4 did
not significantly increase grain yield. This may have
resulted from applying Mn after heading or pefhaps the Mn
deficiency waé'only slight. Since Mn was applied after the

midseason harvest, plant Mn concentration at heading was not

increased by foliar application.

Oat gféin yields and shqqt gutrient concentrations other
than Cﬁ wére néfviﬁfiuenced by tréatment (Tables 84 and 85).
The addition of 2 kg Cu/ha as CuEDTA drilled with the seed
increased bat shoot Cu concentration from 1.8 ug Cu/g for
the control tov either 3.6 or 3.4 ug Cu/g for treatments
including Cu. The control- treatment shoot concentration was
the same as the upper limit of the deficiency range that was
estabiished in the growth chamber. study_’whereaé plant Cu

concentrations in oats receiving Cu were in the sufficiency
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TABLE 82

Effect of Cu placement and carrier as well as Mn on grain
yield and micronutrient concentrations in barley shoots at
'~ Piney in 1978

Treatment | gratn e g TTTToITTmemessoeeee-
yield conc. conc. conce. conc.
kg/ha ug/g ug/g ug/g ug/g

"ZS;Z;ZI'""'ZZ?';""__STS';"-'"ES'E""'IE:;""'EE-Z"'

CuEDTA(M)2 3170 a | 6.8 a 35 cd 15 a 49 a

CuEDTA(D)2 310,10 a 5.7 ¢ 37 be 16 a 51 a

CuS0, (M)10 2922 a 6.2 b 36 bed 14 a 50 a

Cuso, (D)10 3211 a 3.7 d 38 ab 16 a 56 a

>CuEDTA(D)2 3277 a 5.4 ¢ - 40 a 16 a 51 a

+foliar Mn

range. The nonsignificaﬁt-yiéld'increase likely resulted at
least partially from the relatively high field variability.
However, a slight Mn deficiency may have also limited res-
ponse in.yield to Cu fertilization. Although oat shoot coﬂ—

centrations of Mn and K were low, Mn concentration likely

resulted in only a slight restriction in response whereas
low K concentration was likely a result of an error in ana-

lysis.
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TABLE 83

Effect of Cu placement and carrier as well as Mn on
macronutrient concentrations in barley shoots at Piney in

1978
“E:ZZ:ZZET““T“*““Zm“"=§=====“§Z““="ZZ“““
conc. conce. conce. conce. conce.
mg/g mg/g mg/g mg/g mg/g
_SZ;ZEZI"'""STE';""'ETI';""ETE';"TZTZ'E""ETS'E"'
CuEDTA (M) 2 3.6 a 2.3 a 8.0 a 4.3 b 2.0 b
CuEDTA (D)2 3.2a 2.2 a 8.0 a 5.ba 2.9 a
Cus0, ()10 3.4 a 2.2 a 8.0 a 5.3 a 2.9 a
CuS0,(D)10 =~ 3.2 a 2.2 a 7.8 a 5.3 a 2.9 a
CuEDTA(D)2 = 3.1 a 2.1 a 7.7 a | 5.2 a 2.9 a

+foliar Mn i

6.3.2.3 1978 Wheat Experiment Results

Copper fertilizafion increased ﬁheat grain yield at Piney
‘(Table 86), but 2Zn and Mn fertilization did not influence
}"ields..~ Those results emphasized égain the extreme sensi-
tivity- of 'wheat to Cu deficiency. Although yield was
increasgd'by Cu, all yields were very low. Apparently not
enbﬁgh Cu was applied to correét Cu ‘deficiency, since all
pPlant Cu concentrations were in. the deficiency range as
established in the growth chamber study. Lack of response
in grain yield to Zn was not surprising since all plant 2Zn
lconcentrations were adequate. Manganese concentrations were

low although not as low as in barley or oats at Piney.
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TABLE 84

Effect of Cu and Mn on gfain yield and micronutrient
concentrations in oat shoots at Piney in 1978

Treatment grain Cu Zn Mn Fe
yield conc. conc. conc. conc.
kg/ha ug/g ug/g ug/g ug/g

control 2113 a2 1.8 b 25 4 162 50 a

CuEDTA(D)2 3184 a 3.6 a 28 a 19 a 48 a

CuEDTA(D)2 2793 a . 3.4 a 28 a 18 a 50 a

+foliar Mn :
TABLE 85

Effect of Cu and Mn on macronutrient concentrations in oat
shoots at Piney in 1978

Treatment P S K Ca Mg
conc. conc. conc. conc. conc.
mg/g ng/g ng/g ng/g ng/g
control 2.7 a 2.7 a 9.0 a 3.0 a 2.1 a
CuEDTA(D)2 2.6 a 242 - 8.1a 2.7a 1.9 a
CuEDTA(D)2 2.8 a 2.8 a 8.8 a . 2.9 a 2.0 a
+foliar Mn

Plant manganése concentrations were not influenced by Mn
fertilization'because the midseason harvest occurred before
Mn was applied. Manganese may have limited yields, however
that seems unlikely'sinee~yieldé~were no~higﬁer~when'Mn was
applied with Cu than when Cu"gas applied alone. On the
other hand, yield may not have been increased by Mn because

it was applied rather 1late in the season. As with other
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c#ops, the low plant. K levels likely resulted frém an
analytical error. Plant concentrations of nutrients other
than Cu, Mn ‘and K were adequate fo; gooq _plant growth
(Tables 86 an&'87). Plant concentrations of all nutrients
except K varied significantly among treatments. Variation
in Cu‘conéentratién was consistently related to Cu treat-
‘ment. Zinc concentration was significantly increased in
e?e;y trea;ment which received added Zn. Iron,rP,IS,'Cé and
Mg concenfrations ~‘were often 1lower 1in treatments which

included-addedVCu,'likely as' a result of dilution caused by

increased yields;'r

Experimental resul;s.at Marchand and Stead were similar
to those at Pine& wifh a few notable exceptions. Both
yields and plant Cu;concentrations were lower at Marchand
(Téfle 88) and particulafily at Stead (Table 90) than at
Piney. Yields at Stead where no Cu was applied were zero,
whereas where Cu was applied there was some yield both of
dry matter and grain. However, the small amount of grain
whicﬁ wés produced ;as qertéinly not viable and therefore no
values are listed in the Table 90 for treatments 2, 3 and 4.
For the most part, plant concentrations of nutrients.did not
vary as mﬁch‘ at’ Marchand (Tables 88 and 89) and Stead
(Tables 90 and 91) as they did at Piney. Foliar application
of Mn at Marchénd and Stead increased plant Mn concentra-
tions (Tables 88 and 90) because Mn was applied before the
midseason sampli;é. At Marchand application of both Zn and

Mn -without Cu accentuated Cu deficiency. No visual Cu
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TABLE 86

Effect of micronutrients on grain yield and micronutrient
concentrations in wheat shoots at Piney 1in 1978

CTreatment  gratn o ow o ae T
number yield conc. conce. conc. conce.
: kg/ha ug/g ug/g ug/g ug/g
T 847 b 1.7 5 29 e 22a s
2 1770 a 2.8 a 42 b 17 b 45 ¢
3 2084 a 2.6 a 41 b 16 b 48 be
4 : 1656 a 2.9 a 27 ¢ 21 a 52 abe
5 944 b 1.9 b 48 a 19 ab 55 ab
""""""""""""""""""" Cmamie s7 T

Effect of micronutrients on macronutrient concentrations in
: : wheat shoots at Piney in 1978

Treatment P S K Ca Mg
number conc. conc. conc. conce. conce.
mg/g ng/g ng/g mg/g mg/g
1 3.2 a 2.0 ab 8.4 a 2.4 abe 1.8 ab
2 2.6 b 1.8b 9.1 a 2.4 abe 1.7 abe
3 2.7 b 1.8 b 8.8 a 2.2 be 1.6 be
4 2.6 b 2.0 ab 9.4 a 2.1 ¢ 1.5 ¢
5 3.2 a 2.3 a 8.9 a 2.6 a 1.9 a

deficiency symptoms occurred. when  no micronutrients. were.
added (treatment #1) although yield was lower than when Cu

was applied. Application of Mn and Zn without Cu resulted

in visual Cu deficiency symptoms and the lowest grain yield.
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TABLE 88

‘Effect of micronutrients on grain yield and micronutrient
concentrations in wheat shoots at Marchand in 1978

Crreatment  grain o ae eI
number yield conc. conc. conce. conc.
kg/ha ug/g ug/g ug/g ug/g
T O
2 655 a 1.5 a 33 a 152 a 86 a
3 614 ab 1.3 a 36 a 15 b 110 a
4 917 a 1.4 a 31 a 160 a 100 a
5 75 ¢ 1.3 a 35. a 163 a 115 a
"""""""""""""""" vaBLE 89

Effect of micfonutrients on macronutrient concentrations in
‘ wheat shoots at Marchand in 1978

Treatment P S K Ca Mg
number conce. conc. conce. conce. conce.
mg/g mg/g mg/g mg/g mg/g
1 3.0 a 2.1 a 7.0 a 2.0 a 2.2 a
2 2.7 a 200 a 8.0 a 201 a 2-1 a
3 2-8’8 2.1 a 704 a 2.3 a 203 a
4 2.9 a 2.2 a 7.4 a 2.1 a 2.1 a



150
TABLE 90

Effect of micronutrient treatments on grain yield and
micronutrient concentrations in wheat shoots at Stead in

1978
treatmenc  grain | Ca o za o pe
number yield conce. conc. conc. conc.
" kg/ha ugl/g - ug/g ug/g ug/g
S I
2 - 1.5 a 42 a 119 b 82 a
3 - 1.3 a 37 a 38 ¢ 74 a
4 —_— 1.5 a 28 b 124 b 81 a
5 0 1.0 a 42 a 148 a 91 a

TABLE 91

Effect of micronutrients on macronutrient concentrations in
: : -wheat shoots at Stead in 1978

’Treatment P S K , Ca Mg
number conc. conc. conc. conc. conc.
mg/g ng/g mng/g mg/g ng/g
1 5.6 a 2.1 a 7.0 a 2.0 a 2.2 a
2 3.9 b 1.9 a 8.0 a 2.1 a 2.1 a
3 401 b 108 a 7-4 a 203 a 2.3 a
4 3.7 b 1.8 a 7.4 a 2.1 a 2.1 a




Chapter VII

GENERAL DISCUSSION

7.1  GROWTH CHAMBER STUDY

The growth chamber study was conducted to determiﬁe Cu
nutritional ranges for barley, oats, wheat, flax and rape-
seed. The soil used in that exéeriment was’known to be sev~
erely Cu deficient from field work near Stead in 1978 which
is repdrféd in-Study IV. Thus, it was quite certain that Cu
deficieﬁcy would~o§cuf'wﬁén no Cu was added and it was hoped
vthatﬂcomplete Cu growth reponse curves from severely defi-
cient to ﬁotally sufficient could be obtained. That was the
case wi;h the possible excepfion of wheat which may not have

received quite enough Cu to achieve maximum yield.

The concentration ranges corresponding to low nutritional
status were 2.3 to 3.7, 1.7 to 2.5, 3.0 to 4.9, 2.4 to 3.5
and v1;7.to 2.7 ug Cu/g pPlant material for barley, oats,
wheat; flaxband rapeseed, respectively. Shoot concentra-
tions below thoseﬂranges were considered Cﬁ deficient and
concentrations above those ranges were considered Cu suffi-
cient. TheAlow.ranges_for.barley and oats .were lower than
those given by Ward et al [116]. 1In addition, the low range
for barley was considerably lower than the qritical level

suggested by Akinyede [2] of 5.2 ug Cu/g. However, the'Cu

- 151 -~
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nutritional ranges for oats would be ‘in fair agreement with
Gupta and MacLeod’s [43] optimal level of 3.2 - 3.3 ug Cu/g.
The low range for wheat agreed very well with the critical
level of Melsted et al [70] and Ward et al [116] of 5 ug
Cu/g plant material. The critical level suggested by McGre-
gbr [68] fdr flax shoots of 3.0 ug Cu/g was in good agree-
ment with the low ‘range established in the growth chamber
study. It is not surprising that the Cu nutritional levels
established in this study did not always agree with those in
the literature since critical concentrations vary with crop

variety and environmental conditions.

The ranking of the crops in the growth'chamber study from
most'te least tolerant to Cu deficiency was rapeseed > bar-
ley > oats > wheat > flax. This ranking should help farmers
decide which crops to grow on soils suspected of being low
in available Cu and give them some idea as to which crops
would be expected to respond the most to Cu fertilization.
Rapeseed barley and oats would likely grow fairly well on
soils 1ow in available Cu but would probably respond to Cu
fertilization on soils extremely deficient in Cu. Wheat and
flax are very intolerant of Cu stress and should not be
grown on soils low in available Cu without supplemental Cu

fertilization.

The visual symptoms of Cu deficiency in cereals were typ-

ical of Cu deficiency Symptoms reported by other workers
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'*[94]-- Copper deficiency symptoms in flax includedintervei-
nal chlorosis followed by necrosis of lower leaves of the
older stems. These Symptoms were completely alleviated by
addition of "Cu.’’ Moraghan and coworkers [73,74] observed
virtnally identical symptoms in flax in the greenhouse.
Those symptoms were eliminated by the addition of 2 ug Fe/g
soil as FeEDDHA. However, the application of Fe resulted in
only a 0. 43 g/pot dry matter yield increase, considerably
‘lower than the yield increases obtained in the growth cham-
ber study. Volumes of soil and number of plants per pot
.Were similiarlin’both experiments. It is possible that the
FeEDDHA-'increasedl the availability of s0il Cu or that
increased uptake of fe encouraged the plant to take up more
Cu. If Moraghan s flax was suffering from Cu deficiency, it
is evident that the deficiency was not totally corrected.
Unfortunately plant Cu .levels were not reported in Mora-
ghanfs papers [73,74] and the symptoms were attributed to a
Mn toxicity which .was alleviated by the increase in the

availability of Fe.-

“Concentrations'of P.and K in the shoots of most crops in
the growth chamber were often slightly below critical levels
reported in the literature and may have limited responses to
Cu fertilization. However, since yields in the growth cham-
ber experiments were very high and responses“to Cu fertili-
zation followed typical response curves it is felt that low
P and K levels did not interfere significantly with the

Study.
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7.2 FIELD STUDIES

The objectives of the field StuAiég were fo evaiuate the
need for Cu and 2n fertilization on Manitoba soils and to
‘determine the most‘efficieﬁt carriers an& Placement methods
for Cu'and Zn. The soils cﬁosen for these studies‘wg;e felt
'to be typical of the group; of so0ils upéﬁ_which deficiencies»
of Cu or Zn would be most likely to occur and if responses
weré”not obtained_on the soils chosen it could be assumed

that .Cu and'.zn deficiencies were not likely in Manitoba.

7.2.1A, Zinc Studies

The sfiéldv studies at’ Tgulon in 1977 and 1978 were
designed . to evéluafe the »néedv-fox' Zn vfertilization on a
highly calcareous soil, low in availéble.Zn. Yields were
not increased>by Zn fertilizatidn iﬁ'eifher year although
plant Zn uptake increased nonsignificantly in 1977 and sig-~
nificantly"in 1978. The lack of yiéld responses was not
surprising since plant Zn concentrations in the control
treafménts- were wusually above suggested critical: ievels.
The bfPA'extractable:éoil Zn level in 1978 (1.8 ug Zn/g) was
above the criti;al level of O.8Iﬁg Zn/g soil suggested by
Lindsay ana Norvell {62]. In 1977, however,_the DTPA level
(0.8 ug Zn/g soil) was equal to Lindsay and Norvell’s ériti—
cal level. In 1976, Zn was applied to barley, wheat and
flax on Lakeland clay 1loam containing oniy, 0.4 ug DTPA

extractable 2Zn/g [63]. Plant 2Zn conéentratibns were
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increased but yields were not influenced by Zn fertiliza-
tion. Plant Zh concentrations in the control treatments
were above suggested critical levels. It probably can be

concluded that 2n deficiency in wheat, oats, barley, flax

and rapeseed is not very likely in Manitoba.

MacGregor et al [65] reported that plowed down ZnSO4
"increased cérn yields more than banding the same amount of
ZnSO4. In both growth chamber [47] and field'experiments
[69]-,with blackbeans, mixing ZnSO4 was more effective iﬁ
increaéing plant Zn uptake than sidebanding; In the growth
chaﬁbe?, mixing ZnSO4 wéé more effective in increasing Zn
uptake iqtb barley shoots than banding with the seed [2].
However, placement of ZnSO4 had no influence on barley
yields or plant Zn uptake in the experiments at Teulon. The
reasons for method of ZnSO4 plécement not influencing Zn
uptake at Teulon is not known. In contrast to the results

for Znso in 1978 mixing ZnEDTA with the surface 10 cm

4°
increased Zn concentrations in barley shoots more than band~-
ing ZnEDfA with thé_seed. Although Zn complexed by EDTA is
muchkless subject to féaction with other substances than Zn
in ZnSO4, it is apparent that a significant portion of the
Zn from ZnEDTA was involved in the same kinds of reactions
with soil components as Zn from ZnSO4. Although the results
in the field gxperiments with barley did not.suggest that
ZnSO4 should be mixed rather than banded, the growth chamber

experiment with barley and all experiments with blackbeans
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suggested that ZnSO4 should be well mixed with the surface
soil for optimal efficiency. The field experiment at Teulon
with barley suggested that the same recommendation should be
made for ZnEDTA. It should be noted that the mixed treat-
ments for both ZnSOAIand CuSO4 involved.dissoiving the com-
pounds in water, spraying cnto the soil followed by thorough
mixing. Mixing even fine crystalline Zn804 or CuSO4 may noti
be as effective as will be seen later when results from the

organic field trials are discussed.

The superiority of ZnEDTA over inorganic sources has been
well documented in the literature. Schnappinger et al [101]
1reported that ZnEDTA was approximately 1.6 times more effec~-
tive than' ZnSO4.H20 when both source were broadcast and
"worked intc the surface 8 cm of 2Zn deficient soil. Boawn
[11] indicated that ZnEDTA was approximately 2 to 2.5 times

as effective as ZnSo regardless of placement. ZnEDTA was

4°
mcre‘efficient than ZnSO4 in several blackbean field experi-
ments conducted in Manitoba during 1976 [64] and 1977 [69].
The barley experiment at Teulon also indicated that ZnEDTA
when mixed with the surface 10 cm of soil or banded with the
seed was more than 3 times as effective as Zn804.7H 0 at

increasing concentration of Zn in barley shoots at the head-

ing stage. - S

Potassium 1levels in all crops from all field sites in
1978 were 1low, suggesting that all crops were deficient in

K. This may not in fact have been the case. All field sam-
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Ples in 19l8 were analyzed for Cu, Zn, Mn and Fe in October
and November of 1978 and 10 ml aliquots of the diluted per-
chloric acididigests stored until assayed for K, Ca, Mg, P
and S in Januery of 1979. More recently it has been found
that after more than.3 weeks storage, K in plant sample dig-
ests 1is nrecipitated or eoprecipitated out of solution. The
amount of K taken out - of solution in this manner can be very
substantial possibly 50% of that originally present. Since
plant sample digests from the 1978 field studies were stored
for 1 to 2 months, it is believed that the reported K levels
were erroneouslydlow. Since this errer was discovered only

recently the field samples have not been re-analyzed.

The DTPA extractenle Zn levels in the surface 15 cm at
Teulon in 1976, 1977, and 1978 were 0.4, 0.8 and 1.8 ug Zn/g
soil, respectively. 1In none of those years were there yield
responses to Zn fertilization in wheat, oats, barley, flax
and rapeseedl although according to Lindsay and Norvell’s
[62] guidelines the Zn levels were deficient, marginalvand
adenuate in‘ 1976 1977, and 1978 'respectively. Hedayat
[47] reported that Zn fertilization in the growth chamber
'increased grain yilelds of fababeans and blackbeans grown on
soils containing 0.8 and 0.4 ug DTPA extractable Zn/g soil,
respectively. Akinyede [2] reported increases in both dry
matter production and Zn concentration in shoots of six week
old barley in a growth chamber study on Lakeland clay loam

containing 1.0 ug DTPA extractable Zn/g soil. Zinc fertili-
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zation increased grain yield of blackbeans grown in 1976 on

“-Hordean clay loam containing 1.0 ug DTPA extractable Zn/g

soil but did not significantly ipcrease Yields in two other
experiments in which the soils contained 1 and 1.4 ug DTPA
extractable Zn/g soil [64]. In 1977, however Zn fertiliza- .
tion did not increase blackbean grain yields,on soils con-
taining 0.58 and 0.51 ug DTPA extractable Zn/g soil well
below Lindsay and Norvell’s 0.8 ug Zn/g soil critical level
[69]. 1In most of the aforementioned experiments Zn fertili-
zation did increase plant Zn concentrations. However, ﬁhen
r-there were no re3ponses to Zn fertilization, plant Zn levels
-in the control treatments were usually above suggested cri-
tical 1evels. Thus, it would appear that Lindsay and Nor-
vell s critical level may be valid for crops grown in the
environmental ' chamber. However, it would appear that the
critioal level in the field is lower than 0.8 ug zZn/g soil,
even for crops such as blackbeans which are very susceptible

to Zn deficiency.

72.2  Copper Studies on Mineral Soils

Field studies near Zhoda on mineral soils most likely ro
be deficient in Cu were conducted to determine  the extent
and severity of Cu deficiency in Maniroba. However, results
to the studies were inconclusive. Barley appeared to res-
.pond in yield to Cu fertilization in field studies in 1976

on soil containing 0.6 ug DTPA extractable‘Cu/g soil [63].
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However, in that experiment wind erosion shortly after seed-
ing was possibly responsible for blowing away a broadcast
application of K2804. The apparent response to Cu may have

been a response to the S in CusoO Unfortunately, plant S

4.
levels were not determined in 1976. Also, drought severely
restricted grewth in 1976. The field study at Zhoda in 1977

suffered from an infestation of armyworms as well as slight

S deficiency bothlof which may have limited response 1in yield

to Cu fertilizatioa. The field experiment at Zhoda in 1978
suffered ~severe hail damage, again decreasing yields.
'GreenAOuse and growth chamber results with sandy soils .from
these areas have been' more conclusive. McGregtr [68]
reported increases'in both yield and Cu concentrations in
flax shoets as a result of addition of 1.0 ug Cu/g soil in a
pot experiment with a Pine Ridge soii which had DTPA (pH=7,
1 hour shakihg) extractable Cu level of 0.2 ug Cu/g soil.
Akinyede tZ] working with barley in the growth chamber on
Pine Ridge sand containing 0.56 ug DTPA extractable Cu/g
soil found that Cu fertilization increased dry matter yields
of six week o01ld shoots slightly but resulted in substantial
increases in shoot Cu concentration. The yield increase was
surprising since the DTPA extractable soil Cu ievel was well
above the critical level suggested by Lindsay and Norvell
[62]. However, further field experimentation would have to
Be conducted in order to accurately determine the»extent and

severity of Cu deficiency on mineral soils in Manitoba.
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‘The field sites in both 1977 and 1978 had DTPA
extractable Cu 1levels of 0.3 ug Cu/g soil which were
slightly in excess of the s0il critical level of 0.2 ug Cu/g
soil suggested by Lindsay and Norveli [62]. Barley shoot Cu
concentrations in 1977 were generally higher than the con-
trol for those treatments in which the Cu source was mixed
throughout the sgoil surface although those differences were
ndf significant. The experiments in 1978 were slightly more
sﬁccessfulisince shoot Cﬁ concentrations of barley and wheat
were significantly increaséd by Cu fertilization. Placement.
- methods and carrier also influenced responée of barley shoot
“Cu conéentrations to Cu fertilization. Mixing either CuEDTA
or Cusé; wi%h the surface 10 cm of soll was more effective
in increasing ba?ley shoot Cu concentrations than drilling
Veither:source with the seed. This difference was more pro-
nounced for CuSO4 than fpr CuEDTA. Copﬁer EDTA was approxi-
mately. five timeg as effective as CuSO4 in increasing barley
shbot Cu concentrations. Akinyede [2] had shown in his
grdwth chémber'studies that mixing CuSO4 with soil was supe-
rior to banding with seed of barley. This findiqg was con-

firmed in the field experiments. at Zhoda.

The experiments at Zhoda also included édﬁition of Zn
along with Cu in both 1977 and 1978. This treatment signi-
ficantly increased barley shoot 2Zn concentrations in 1978
but had no influence on Plant Zn concentrations in 1977.

There were no yield response to Zn fertilization in either
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yeaf although DTPA ethactable soil Zn: levels were 0.7 ug
Zn/g soil 4in 1977 and 1. 3 ug Zn/g soil in 1978.‘ In addi-
tion, in both 1977 and 1978 the shoot Zn concentrations in
barley receiving ne Zn would have been considered sufficient
for normal growth. Those results illustrated again that the
.DTPA extractable soil Zn critical level 1is likely 1ess than
the 0.8 ug Zn/g soil suggested by Lindsay and Norvell [62].
On the other hand .although further experimentation on sandy
soils in the field are needed it could very well be that
‘the DTPA extractable Cu critical level on mineral soils is
" higher than the 0.2 ug Cu/g soil suggested by Lindsay and

'Norvell [62].

7¢2.3 .Cosper Studies on bréanic Soils

The field exseriments on organic soils in 1977 and 1978
were desigaed to determine the extent and severity of Cu
deficiency on organic soils and to find optimal combinations
of carrier, rate and Placement of fertilizer Cu. In 1977,
wheat and flax at Piney were harvested before maturity wher-
€as oats were destroyed by rust. Only barley reached matur-
ity and barley,grain yield did not respond to Cu fertiliza-
tion. TheA soil at Piney in 1977 contained 1.6 DTPA
extractable Cu/g squ. It may have been marginally defi-
cient in Cu, but because barley was the only crop which
reached maturity and it is quite tolerant of Cu deficiency,

it is not surprising that there were no responses to Cu fer-
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tilizationg The soils . in 1978 contained 0.6, 1.0 and 1.0

DTPA extractable Cu/g soil ‘at Piney, Marchand and Stead,
respectively. Wheat, a crop which is quite susceptible to
Cu deficiency reSponded in yield to Cu fertilization at all
three sites. Flax, barley and ' oats were grown only at
Piney. Flax-wasfkilled by frost early in the growing sea-
son. The yield increases for both" barley and oats were not
statistically significant. Yield responses for barley and
oats should not have been as large as for wheat or flax
since barley and oats are more tolerant of Cu deficiency.
The - field experiments on organic soils suggested that Cu is
likely. to. be deficientv on organic soils, particularly in
crops - such as wheat which is - very snsceptible to Cu defici-
ency. Further experimentation is needed in order to deter-
nine the DTPA extractable. Cu critical level on organic
soils. However, the value is likely-greater than 1 ug Cu/g

soil and may be as high as 2 ug Cu/g soil.

Mixing either CuSO4 or CuEDTA with the surface 10 cm of
soill was far more effective in increasing Cu uptake of bar-
ley than drilling either sources with the~seed. The differ-
ences between the two methods of application were larger
than on mineral soils,'particularily in the case of CuEDTA.
Copper EDTA was slightly moreathan five times~asweffeetive

as CuSO4 in increasing Cu uptake by barley.




163

It should Be noted that although whest yields ‘were
increased by Cu fertilization in 1978 at all three sites,
wheat yields were very low. The low shoot Cu(concentrations
in wheat which received supplemental Cu suggese that mixing
10 kg Cu/ha as finely ground CdSO4 with the sdrface 10 cm of
.soil did not supply enough Cu to.totally correct Cu’defici-
encye. More Cuvshould have been applied. However, it is
possible that_the same amount of.Cu as Cu504 sprayed in

solution onto soil before rototilling would have been more

effective.

7.3 CONCLUSION

Results of field studies suggested that Zn deficiency in
barley, oats, wheat, flax and rapeseed is not very likely to
occur in Manitoba even on high lime soils ‘relatively low in
plant available Zn. Conclusions concerningvthe extent and
severity pf Cu deficiency on mineral soils can' not Ee made
until further research is conducted. However, results indi-
cated that:Cu is 1ikely to be deficient on organic soils,
particularly in crops such as wheat which are very suscepti-

ble to Cu deficiency.

Low shoot Cu concentration ranges: in tﬁe growth chamber
for 6 week old barley,-oats, wheatTMflaxmandurapeseed.plants
were estimated at 2.3 to 3.7, 1.7 to 2.5, 3.6 to 4.9, 2.4 to
3.5, and 1.7 to 2.7 ug Cu/g plant materialf respectively. A

shoot Cu concentration below the lowest value for each range
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was considered deficient whereas a value above the highest
Cu concentration was considered sufficient. The order of

tolerance to Cu deficiency was rapeseed > barley > oats >

wheat > flax.-

Copper or Zn EDTA ‘broadcast in solution form and tho-
roughly mixed with the surface soil was the most efficient
method of ~supplying Cu or Zn., The next most efficient
method of supplying Cu or Zn was Cu or Zn SO4 applied in a
similar fashion'at rates 3 to 5 times those which would be
for the chelated forms.v Drilling Cu or Zn EDTA with the
seed was: effective cn.mineral soils .but the mixed through-
out treatment is much preferred on organic soils. Drilling
Cu or Zn SO4 was very seldom effective, regardless of soil
type. The commercial 2Zn fertilizers, ZnMNS by Elephant
Brand and -ZincGro by Eagle-Picher were not acceptable at

increasing either grain yield or shoot Zn concentrations in

the year of application, there may have been residual benifits.

Estimating plant available soil Cu and 2Zn 1levels by
extracting with DiPA may be'acceptable, but Zn critical lev-
els should perhaps be lower and Cu critical levels on min-
eral soils higher than the values of 0.8 ug Zn/g soil and
0.2 ug Cu/g soil sué;ested by Lindsay and Norvell [62]. The
DTPA extractable Cu critical level on organic soil is likely

greater than 1 ug Cu/g soil and may be as high as 2 ug Cu/g

soil. However, more research is needed to de#elop reliable
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DTPA Zn and Cu critical levels on%botﬁgorgénic and mineral

SOiléo
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