EFFECTS OF SEED-EANDED AND PREPLANT-BANDED APPLICATIONS OF

N AﬁD P FERTILIZER ON WINTER WHEAT (TRITICUM AESTIVUM L.)

by

MIGUEL LORENZO CABRERA

Ing. Agr., Universidad de la Republica, Uruguay, 1978

A MASTER'S THESIS
submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE
Department of Agronomy

KANSAS STATE UNIVERSITY

Manhattan, Kansas

1982

Approved by:

Major Professor



L
At . ! .

Cotf, ’ lAllEEIH Lb2kk2
VD _ - ,

«i gf.:

T TABLE OF CONTENTS
1a32 '

)

. e

TIST OF PIGURES« = © & & s & 5 w # & i

LIST OF TABLES . . + & ¢« « « & o s o o &
ACKNOWLEDGEMENTS . + v « & « s & + = o &
INTRODUCTION . & & & &+ ¢ & « « « « &
LITERATURE REVIEW. . ¢« v & ¢ « ¢ « s o & &
Banded applications of fertilizer .
Effect of banded applications on root
Types of banded applications.
Preplant-banded applications . .
Seed-banded applications . . .
MATERIALS AND METHODS. . .+ « ¢ « « « « = &
Field studies . .
1980-81 Study. . . . « « . . . .
1981-82 Studies. . . . « . . .
Greenhouse Study. « . « « « + « « .
Laboratory Analyses . . . . + « .+ .
Field Studies. . . . . . « . . .
Tissue samples. . . . « . .
Grain samples . . . . .« .
Soil samples. . . . . . . .
Greenhouse Study . . . . . . . .
Tissue samples. . . . . .
Assay of radiocactivity. . .

Statistical Analyses. . . . . . . .

growth.

Page

iii
iv

viii

11
16
16
16
24
26
32
32
32
33
33
34
34
35

40



RESULTS AND DISCUSSION. + « « o « v o v o o o &
Field Studies. . . . + « ¢« v v 4o & v s o o & &
1980-81 Field Study in Dickinson Co . . . .
Tiller counts.
Tissue samplings . . « « + « & « « « =«
Spike sampling . . . . . . .
Grain harvest. . . . « « « « « « « .+ .
1981-82 Field Study in Dickinson Co . . . .
Plant sampling . . . « + + + ¢« « « &
Spike sampling . . . . . « . + .+ . .
Grain harvest. . . . . . . . . . .
1981-82 Field Study in Marion Co. . . . .
Plant sampling . . « « « .« .
Spike sampling . . . . . « . .
Grain har#est. .

Greenhouse Study . « « « & & ¢ ¢ & o v o+ s e o
SUMMARY AND CONCLUSIONS . + « & « « & o« « o o o &
LITERATURE CITED. . . . « « & ¢ o & ¢ o o o 0 o &
APPENDIX. . + & & o o o o o o o & & o

VITA: o « o« o o o o s @ » o ® & » &

ii

41
42
44
55
59
61
61
67
71
75
75
B2
89
89
99
101
105

135



LIST OF FIGURES
Location of the 1981 and 1982 field studies. . . . . . .

Diagram showing location of row areas used for sampling
(Field Studies). « « &+ « « o « o« o o o ¢ % o + o & »

Diagram of greenhouse study treatments . . . « « s+ o + o+ &

Energy distributions of 32P and 33P and fractions recorded
in each channel. .« . . . « ¢ « 4 ¢« ¢ ¢ ¢ o o o o o & &« +

Absorption of preplant-banded P with time (Greenhouse
Stl.ld}") ® - . - L] L] - - ] - . - - » r » . s - - - . L] . - -

Absorption of seed-banded P with time (Greenhouse Study)

Long-term average (1951-80) of weekly mean temperatures
and weekly mean temperatures for 1980-8l1 at Herington,
Kansas . v o o o« « = o 2 s o o « » 5 & s s s s « o + = o

Long~-term average (1951-80) of weekly mean temperatures
and weekly mean temperatures for 1981-82 at Herington,
FAOSAD w v & s s o o 5 o @ ' 8 & & & o o w w0k & 8w o w

Long-term average (1951-80) of weekly cumulative pre-

cipitation and weekly cumulative precipitation for 1980-
81 and 1981-82 at Herington, Kansas. . ¢« « ¢ « &+ ¢ + « & &

iii

Page

17

23

28

36

96

98

105

. 106

107



10.

11.

12.

13l

14.

LIST OF TABLES

Textural and taxonomical classifications of the soils
used in the field studies. . + + ¢« & ¢ ¢ « o« « « « o o &« =

Analytical data for the soils used in the field studies. .

Dates of fertilizer application, seeding, samplings, and
grain harvest at each locatiomn . . . . . « « .+ &« & &« & . .

Previous crops and fertilizer applications in each site. .
Analytical data for the soil used in the greenhouse study.

Effects of seed band rate of N and P, and row area loca-
tion on tillering of winter wheat for two counting dates
(Dickinsom Co.)e o & « o o o o s o o s = o s s s » s » o

Effects of preplant band and seed band rates of N and P,
and row area location on dry matter yield and tissue
composition of winter wheat (Dickinson Co., 14 March,
1981) - - Ll L] - L - - - L] L] L] L] . L] . L - L] . L] . L] . . - -

Main effects of seed band rate of N and P, and row area
location on dry matter yield of winter wheat (Dickinson
Coes 14 March 1981). v + & ¢ ¢ « o o o « o« s o a s o o s =

Effects of band rate of N and P and row area location on
winter wheat tissue composition, averaged over preplant
band rates (Dickinson Co., 14 March 1981). . . . . . . . .

Effects of preplant band rate of N and P, and row area
location on winter wheat tissue P concentration, averaged
over seed band rates (Dickinson Co., 14 March 1981). . . .

Effects of preplant band and seed band rates of N and P on
dry matter yield of winter wheat (Dickinson Co., 1981) . .

Effects of preplant band and seed band rates of N and P,
and row area location on dry matter yield and tissue
composition of winter wheat (Dickinson Co., 2 May 1981). .

Effects of preplant band rate of N and P and row area
location, and effects of seed band rate of N and P and row
area location on dry matter yield of winter wheat, averaged
over seed band rates and preplant band rates, respectively
(Dickinson Coe)e « o o o o o o o s o s s o & « & o a o o »

Effects of seed band rate of N and P and row area location
on winter wheat tissue P concentration, averaged over pre-

plant rates (Dickinson Co., 2 May 1981). . . . «. « « = « « .

iv

Page

18

19

20
21

27

43

45

46

47

49

50

51

52

54



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Effects of seed band rate of N and P, and row area
location on grain yield components of winter wheat
(Dickinson Co.s 1981). v ¢ ¢« ¢ o v o o o o s o s o o« o

Effects of seed band rate of N and P, and row area
location on grain yield and grain composition of winter

wheat (Dickinson Co., 1981). « v v & ¢ ¢ o « o « o « o o o

Effects of seed band rate of N and P, and row area loc-
ation on percent tiller survival of winter wheat
(Dickinson Co., 1981). v &+ ¢ v & o « « o o o o o o o o o

Effects of preplant band and seed band rates of N and P
on grain yield and grain composition of winter wheat
(Dickinson Co.s 1981). v o o v &+ & o ¢ & o & « o o o o «

Effects of preplant band and seed band rates of N and P,
and row area location on dry matter yield and tillering
of winter wheat (Dickinson Co., 27 March 1982) . . . . . .

Effects of preplant band and seed band rates of N and P,
and row area location on winter wheat tissue composition
(Dickinson Co., 27 March 1982) .« . ¢ ¢ v ¢ &+ o o o & o &

Effects of preplant band rate of N and P, and row area
location on dry matter yield, tillering and tissue com-
position of winter wheat, averaged over seed band rates
(Dickinson Co., 27 March 1982) . . . . ¢ + ¢ &+ o & &« « o «

Effects of preplant band and seed band rates of N and P
on dry matter yield of winter wheat (Dickinson Co.,
27 Mal'Ch 1982) - . ° L] . . L] . . . ° . o L} e e . ° [ . s e

Effects of preplant band and seed band rates of N and P,
and row area location on grain yield and grain composition
of winter wheat (Dickinson Co., 1982). . . . . . . . .

Effects of preplant band and seed band rates of N and P,
and row area location on grain yield components of winter
wheat (Dickinson Co., 1982). v v v v ¢ ¢« ¢ ¢ o «’s o o o =

Effects of seed band rate of N and P, and row area loca-
tion on grain yield and grain yield components of winter
wheat, averaged over preplant band rates (Dickinson Co.,
1982) . - L] . L] L » L] . . . - . - L] . ° L] L] L] . - L [ ] . [ ] L]

Page

56

57

58

60

62

63

65

66

68

69

70



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Effects of preplant band rate of N and P, and row area
location on grain yield, spike density, and grain
protein and P concentration of winter wheat, averaged
over seed band rates (Dickinson Co., 1982).

Effects of preplant band and seed band rates of N and
P, and row area location on tiller survival of winter
wheat (Dickinson Co., 1982) . . . « ¢ ¢« ¢« « o« « « « &

Effects of preplant band and seed band rates of N and
P on grain yield and grain composition of winter wheat
(Dickinson Co., 1982) . . . & & v ¢ o « o « o o« « s « « &

Effects of preplant band and seed band rates of N and
P, and row area location on dry matter yield and tiller-
ing of winter wheat (Marion Co., 3 April 1982). . . .

Effects of preplant band and seed band rates of N and
P, and row area location on winter wheat tissue composi-
tion (Marion Co., 3 April 1982) . . . . « &« ¢« & &« « &

Main effects of seed band rate of N and P on dry matter
yield, tillering and tissue composition of winter wheat
in sampled row areas (Marion Co., 3 April 1982) . . . . .

Effects of preplant band rate of N and P, and row area
location on dry matter yield, tillering and tissue P
concentration of winter wheat, averaged over seed band
rates (Marion Co., 3 April 1982). . . . . . + « « &

Effects of preplant band and seed band rates of N and P
on dry matter yield of winter wheat (Marion Co., 3 April
1982) & v 4 4 v 4 e e e s e e e e m s e e e e e e

Effects of preplant band and seed band rates of N and
P, and row area location on grain yield components of
winter wheat (Marion Co., 1982) . . . . . 4+ « « « . . .

Effects of preplant band and seed band rates of N and
P, and row area location on grain yield and grain yield
composition of winter wheat (Marion Co., 1982). .

Main effect of seed band rate of N and P on grain yield
and grain yield components of winter wheat in sampled
row areas (Marion Co., 1982). . . « v ¢« + « & +

Effects of preplant band rate of N and P, and row area

location on grain yield and spike density of winter
wheat, averaged over seed band rates (Marion Co., 1982)

vi

Page

72

73

74

76

77

79

80

81

83

84

85

87



Page

38. Effects of preplant band and seed band rates of N and P
on grain yield and grain composition of winter wheat
(Marion Co.s 1982). v v & v & & o o o o s o « o « s o s a » 88

39, Effects of seed band rate of N and P and row location
on dry weight of winter wheat shoots, number of tillers/
plant, and total N in shoots, at four sampling dates
(Greenhouse Study). + + « « « & & & + s « s &« s s o« s s o« = 91

40. Effects of seed band rate of N and P and row location on
total P, and amount and proportion of P absorbed from the
preplant band in winter wheat shoots, at four sampling
dates {(Greenhouse Study). . . o « « ¢ « &+ & &+ o o & o s o » 92

41. Effect of row location on total P, and amount and propor-
tion of P absorbed from the seed band in winter wheat
shoots, at four sampling dates (Greenhouse Study) . . . . . 93

A-1l. Ten-day averages of air and soil temperatures and air
relative humidity (Greemhouse Study). « « « « « « ¢« « « . . 108

A-2-A-27. Analysis of variance tables. . « « « « + « ¢« « « « « .« 109-134

vii



ACKNOWLEDGEMENTS

The author wishes to express his gratitude to Dr. David Kissel,
major professor, for his guidance, encouragement, and patience
through the course of this study. Gratitude is also extended to
the other members of the supervisory committee, Dr. Steve Thien
and Dr. David Whitney. A special rememberance is given to the late
Dr. Roscoe Ellis, Jr., former committee member, for his wvaluable
guidance.

Thanks are expressed to the Tennessee Valley Authority -
National Fertilizer Development Center, and Phillips Chemical
Company for providing the financial assistance needed for this
research.

The assistance of Dr. Herbert Moser with the radioisotopes
study is especially appreciated. Special thanks are expressed to
Martha Blocker, laboratory technicians, and fellow graduate
students for their assistance and friendship. The cooperation
of Jarod Hoover and Ed Broz who allowed the installation of field
studies on their farms is also appreciated.

Lastly, the author wishes to express his gratitude to the
members of his family in Uruguay, for their support and encourage-

ment during these years of study.

viii



INTRODUCTION

Preplant-banded applications of N and P fertilizer have been
shown to be an effective method of fertilizer placement for winter
wheat. These fertilizer applications produce uneven growth of wheat
("wavy effect") when band spacings wider than 25 cm are used in soils
with low levels of available P. Under those conditions, plants grow-
ing directly over preplant bands show more vegetative growth and pro-
duce higher grain yields than plants growing between preplant bands.
These observations suggest that a better nutrient supply could also
be beneficial to plants growing between preplant bands. An increased
nutrient supply to these plants could increase their growth and final
grain yield resulting in an overall increase in grain yield. One
method of improving the nutrient supply to plants growing between pre-
plant bands is by banding fertilizer with the seed (seed-banded
fertilizer) at planting time.

With this in mind, field studies were conducted during the 1980-

81 and 1981-82 crop years with the following objective:

= To evaluate the effects of combinations of preplant-banded
and seed-banded applications of N and P fertilizer on growth and

grain yield of winter wheat.

Field observations raised questions about the effect root
development in fertilizer bands has on nutrient absorption from other
soil areas. Research has shown that extensive root growth occurs
near N and P fertilizer bands. Fertilizer banded with the seed

could result in extensive root growth near the seed band, in



turn delaying root extension toward preplant bands placed deeper
in the soil. Similarly, extensive root development near the pre-
plant band could affect nutrient absorption from the seed-banded
fertilizer.

In order to investigate these aspects, a greenhouse study was
conducted using winter wheat as the test crop. The objectives of

this study were as follows:

1. To evaluate the effect N and P fertilizer banded with
the seed has on the uptake of P from the preplant
band in both plants over and plants to the side of a
preplant band.

2. To study P uptake from seed-banded fertilizer by

plants growing either over or to the side of a preplant

band.



LITERATURE REVIEW

Banded applications of fertilizer

Fertilizer application methods can be classified in two
broad classes of application: broadcast and localized. Broad-
cast implies a uniform fertilizer application over the soil
surface, whereas localized refers to fertilizer applications in
concentrated zones. Fertilizer bands are a type of localized
application which, under certain conditions, can be superior to
broadcast applications in terms of crop growth and grain yield
(Leikam, 1980; Dann, 1969).

The relative efficiency of banded over broadcast applica-
tions depends partially on the kind of nutrient applied (Bear,
1941). The importance of banded placement is not the same for
the three major plant nutrients (N,P,K) because of their diff-
erent chemical préperties (Welch et al., 1966).

Nitrogen (N) is a mobile soil nutrient‘when in the nitrate
form because it is not adsorbed appreciably by the soil and
' moves with soil water flow (Young and Aldag, 1982). Therefore,
banded N applications may not be much different from broadcast
applications since N can move from bands into non-fertilized
soil.

Phosphorus (P) is an immobile soil nutrient because soil
fixation reactions limit its movement (Sample et al., 1980).
Since P fixation converts solution P to less soluble compounds,
application of P fertilizer in restricted soil zones may show
advantages over broadcasting. Band placement.of water-soluble

P fertilizer can exceed the soil's "fixation capacity" reducing



the amount of P fixed. This should result in more soil
solution P around the band, which in turn, may increase the
P uptake by roots nearby. Such increases in P uptake are
likely in soils low in solution P levels. Increased P uptake
by roots in the band should increase plant P content if a
sufficient portion of the root system contacts the applied
fertilizer (Barber, 1980).

Water solubility of the P fertilizer used, initial scil
P level, and type of root system are, therefore, important
factors determining the relative efficiency of banded over
broadcast applications of P fertilizer.

Fertilizer sources low in water soluble P should reduce
band effectiveness because small amounts of P would be present
in solution at any one time. Materials low in water soluble P
perform better when broadcast on acid to neutral soils since
reactions in such soils increase their water solubility (Engelstad
and Terman, 1980).

The advantage of banded over broadcast P applications would
be expected to decrease as the level of available P in the soil
increases. Any increase in soil solution P from banding would
not be as important in soils with high solution P levels as in
soils with low solution P levels (Welch et al., 1966).

The relative efficiency of banded over broadcast P applica-
tions would also be different for crops with different root
systems. Crops with restricted root systems are less efficient

users of soil P and benefit more from a localized placement than



crops with extensive root systems (Cooke, 1954).

Potassium (K) is also an immobile nutrient because attrac-
tion to soil cation exchange sites restricts its movement. In
addition, some soils have a high capacity to fix K under non-
exchangeable forms (Rich, 1968). Thus, banding K fertilizer may
show advantages over broadcast applications for soils low in
exchangeable K, particularly for crops of restricted root range
(Tisdale and Nelson, 1975).

The advantages of banding over broadcasting fertilizer may
be larger when two or more nutrients are ;pplied simultaneously.
Intimate placement of two or more nutrients can result in in-
creased plant uptake of some of those nutrients due to inter-
actions among them. Typical examples of these interactions are
the increase in P uptake due to the presence of N (Miller et al.,
1970), and the increase in N uptake due to the presence of P

(Hills et al., 1970).

Effect of banded applications on root growth

Several workers have reported the application of N and P
fertilizer in a band to have a stimulating effect on root growth
in the band. Duncan and Ohlrogge (1959) found that when ammonium
sulfate was added to superphosphate in a small volume of soil,
corn root distribution was not uniform, but concentrated in the
soil volume containing the N and P fertilizers. The authors
emphasized that the increased root growth did not affect the
shoot/root ratio, but instead changed the distribution of roots

in the soil.



Duncan and Ohlrogge (1958) also investigated the nature
of the root growth induced by localized placement of N and P
fertilizer. They allowed single corn roots to develop in
graduated cylinders containing bands of ammonium sulfate and
superphosphate, placed either singly or in combination. A
mass of fine roots developed when N and P were applied together.
Much less root development occurred in bands of P alone, and
almost no development in bands of N alone. The authors reported
uptake of P to be correlated with root development in the N-P
band. They also pointed out that thé root weight increase ob-
tained in the N-P band was not the only factor. that increased
the feeding capacity of the plant in tﬁe fertilizer band. Since
roots in the band were much finer than roots in non-fertilized
soil, the resulting increase in root surface area was much great-
er than the increase in root weights would indicate.

Grunes et al. (1958) reported that banding ammonium sulfate
or sodium nitrate together with superphosphate considerably in-
creased the proportion of barley roots in‘the fertilizer band,
when compared to banding superphosphate alone. The addition of
N increased the proportion of roots in the band by 162 to 342%
depending on the soil. _

Miller and Ohlrogge (1958) similarly observed that N as
ammonium sulfate added to a band of superphosphate increased the
weight of corn roots in the band. The ratio of observed root
weight in the band divided by the expected weight if equal dis-
tribution occurred was 1.5.

Stimulation of root growth in a fertilizer band seems



universal unless conditions in the band exceed growth limitations.
Allred and Ohlrogge (1964), when studying the effect of ammonium
phosphates on germination and emergence of corn, observed that
early root development near moncammonium phosphate (MAP) bands
was more extensive than near diammonium phosphate (DAP) bands.
At the end of the experiments (10 days), roots were found within
the salt zones surrounding the MAP bands, but mo roots were observed
within the DAP bands. Free ammonia in the DAP band was the
attributed reason.
Passioura and Wetselaar (1972) studied growth of wheat roots
in bands of urea and ammonium sulfate and after 2 weeks found no
roots within a 10 cm (diameter) zone around the fertilizer bands.
This was attributed to unfavorable osmotic potential in the fertilizer
affected zone. Roots proliferated into the band of ammonium sulfate
but were not into the band of urea at either 4 or 8 weeks. The
authors suggested that the absence of roots in the urea band could
have been due to the large amounts of nitrate present in the band.
In summary, the growth of wheat roots may be stimulated in
bands of N and P fertilizer if toxic substances or osmotic stress
are minimized. Such stimulations may result in less root develop-
ment in other regions of the root zone where nutrient and water
uptake, depending largely on extensive root-soil contact, may be

adversely affected.

Types of banded applications

The most used types of banded applications are the following

(Tisdale and Nelson, 1975):



a) Préplant—banded, in which the fertilizer is applied
preplant in bands 10-20 cm deep and 25-50 cm apart.

b) Seed-banded, in which the fertilizer is placed with
the seed at sowing.

c) Side-banded, in which the fertilizer is placed in
bands to one or both sides of the seed at sowing.

d) Side-dressed, in which the fertilizer is banded to
the side of the crop after emergence.

Of .these, preplant-banded and seed-banded applications will
be considered in detail since they are typically used in wheat
production and they represent the types of applications used in

the present study.

Preplant banded applications. These applications present an

important practical advantage over broadcast applications;
namely, the possibility of combining preplant banding with a
tillage operation to eliminate one trip over the field.
Preplant-banded applications can present a particular
agronomic advantage in dry years since nutrient placement in
deep bands provide better positional availability. When dry-
land wheat receives abundant rainfall, distributed in several
showers during the growing season, depth of nutrient placement
(up to 20 cm) does not affect grain yield or nutrient uptake
(Prihar et al., 1977). But, when limited rainfall is received
after sowing, grain yield and nutrient uptake increase as the

depth of N and P increases (up to 20 cm).



Similar results by Singh et al. (1976) showed that under
rainfed conditions, placement of N 10-15 cm below the seed is
important for increasing fertilizer and water use efficiencies
by wheat. Deep placement of N fertilizers can also reduce N
immobilization by decomposing residues in areas where surface
stubble mulch is used (Andrews, 1956).

Field experiments on soils testing low in available P
(Leikam, 1980) have shown preplant-banded applications of N
and P fertilizer to increase winter wheat grain yields iﬁ
Kansas, when compared to broadcast applications. These
applications were useful for increasing early crop growth at
most sites, including those where final grain yield increases
were not obtained. Leikam observed that a 46 cm band spacing
resulted in rows above a preplant band showing more vegetative
growth than those between preplant bands. This "wavy gffect"
ﬁas more noticeable early in the spring but was difficult to see
at harvest time.

Maxwell (1980), using field studies in eastern Kansas,
evaluated the effects of preplant band spacing (25,38, and 50
cm) and P fertilizer rate on winter wheat. He found the spacings
used had no significant effects on grain yields although yields
tended to be higher with_narrower spacings at some locations.
Spacings of 25 and 38 cm gave more uniform plant growth and dry
matter production early in the growing season. Detailed plant
samplings conducted at different distances from the preplant

band showed an increase in spike number on plants directly over



10

the bands spaced 50 cm apart as compared to the 25 and 38 cm
spacings. The author suggested this increase in spike number
could compensate for the lower spike number found on plants
between bands at the 50 cm spacing. He added that this compen-
satory effect might explain why the 25 and 38 cm spacings, in
spite of giving more uniform plant growth and spike number, did
not result in higher grain yields than the 50 cm spacing.

MacMillan et al., (1971) conducted field studies to select
an appropriate row spacing for urea applied to wheat grown for
winter fodder in New Zealand. The fertilizer was applied in
bands at a depth of 7.5-10 cm and at spacings varying from 15
to 75 cm in increments of 15 ecm. Increasing band spacing de-
creased dry matter yield of wheat by about 5% for every 15 cm
increment. Response to the urea was observed in plants w;thin
20 em of the application.

Maxwell (1980) conducted a greenhouse study to evaluate
the effect of distance from the preplant band on P absorptiom
by winter wheat. He found that wheat seedlings placed directly
over or 10 cm to the side of a N-P preplant band absorbed more
P than seedlings placed 20 or 30 cm to the side of a preplant
band. He concluded that close proximity to the preplant band
is important for maximum P uptake and dry matter production in
the early growth.

To summarize, preplant-banded applications of N and P
fertilizer in winter wheat are likely to increase grain yields,
when compared to broadcast applications, in soils testing low in

available P. These applications should show a particular
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advantage whenever the topsoil remains relatively dry during
the early part of the growing season. The increases in early
vegetative growth obtained with this method can be of some

value to livestock producers who use wheat for grazing purposes.

Seed-banded applications. Placing the fertilizer with the seed

(seed-banded) allows crop seedlings early access to the applied
nutrients. 1In this sense, seed-banded fertilizer can be of
significant value to rapidly growing crops with a restricted
root range like cereals (Cooke, 1954). However, an important
disadvantage of this method is that nutrient absorption from
the band can be limited if the topsoil becomes dry soon after
emergence (Boatwright et al., 1964). Seed-banded applications
also present the practical disadvantage of requiring extra time
and labor at seeding time when both may be in limited supply.

The effect of banding fertilizer with the seed on crop
growth depends on the amounts and kinds of nutrients applied.
Excessive levels may reduce or delay germination, affecting
seedling establishment.

There are at least two ways in which fertilizers in contact
with the seed can affect seedling establishment (Carter, 1967).
First is a direct toxic effect some chemical substances have on
germinating seeds. Examples of this are biuret in urea (Smika
and Smith, 1957; Brage et al., 1960), and fluoride in super-
phosphate (Kinra et al., 1962). Ammonia vapor released by some
N fertilizers can also be very toxic to germinating seeds (Allred

and Ohlrogge, 1964; Brage et al., 1960). Secondly, fertilizers
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can affect seedling establishment through an osmotic effect.
Germination is strongly affected by salt concentrations,
especially at low soil moisture levels (Chapin and Smith, 1960).

Nutrient levels that can be safely applied with the seed
depend on the nutrients under consideration. Nitrogen and K
fertilizers are more detrimental to germination than fertilizers
containing only P (Cummins and Parks, 1961; Lawton and Davis,
1960). Therefore, larger application rates can be used with
P fertilizers than withAN or K fertilizers.

Extensive research has been conducted to study the suit-
ability of seed-banded applications for wheat. Olson and Dreier
(1956), in field and greenhouse studies in Nebraska, evaluated
the effects of time and method of fertilizer application on
small grains. They found the efficiency of fertilizer P to be
greater when applied with the seed than when broadcast at
different times. Also, the application of P fertilizers (no N
or K) with the seed did not significantly reduce emergence even
under low soil moisture levels. On the .other hand, serious
stand reductions occurred under low soil moisture levels when 12
or more kg of N per hectare were placed in contact with the seed.
The.authors concluded that no more than 18 kg N/ha should be
applied with the seed to avoid germination damage. |

In field studies with winter wheat in Kansas, Duley (1930)
compared applications of 210 kg/ha of 2-5.2-1.6 and superphosphate
under four methods: broadcast, banded with the seed, banded 2 cm

above the seed, and banded 2 cm below the seed. These experiments
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were conducted in low fertility soils. Banding fertilizer
with the seed was better than broadcast and slightly better
than banding above or below the seed in terms of straw produc-
tion and grain yield. Plants fertilized in the row were taller
and produced more tillers than those that received broadcast
fertilizer. Therefore, he concluded the increase in grain
yield obtained when the fertilizer was banded with the seed

was mostly from an increased number of spikes.

In field studies in Australia, . Dann (1969) found that at
two of four sites, applications of superphosphate with the
seed of wheat were superior to broadcast applications in terms
of dry matter production, productive tillers, grain yield, and
mean kernel weight.

Recently, Peterson et al. (1981) carried out field experi-
ments in Nebraska to det;rmine if a consistent relationship exists
between broadcast and row applied P for winter wheat yields. The
relative effectiveness of row and broadcast applications varied
depending on soil test P level. In soils with low levels of
available P, broadcast P rates had to be three times as high as
row P rates in order to obtain the same grain yield respénse.

In soils with medium levels of available P, broadcast P rates
equal to row P rates produced similar grain yield responses.

Alessi and Power (1980) determined the effects of banded
and residual fertilizer P on spring wheat yield in North Dakota.
They broadcast rates of 0, 20, 40, 80, and 160 kg P/ha in 1968
to establish different levels of residual P in a Parshall fine
sandy loam. Then, in 1969, subplots were established on each

of the broadcast P plots. Some of the subplots did not receive
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any more fertilizer, while others received P banded with the
seed at the rate of 15 kg/ha either repeated on the same sub-
plot each year, for 6 years, or on a new subplot previously un-
fertilized, each year. After 6 years of cropping, the residual
effects of 160 kg/ha broadcast in 1968 increased grain yields by
about 10%. Applying P with the seed increased grain yields an
additional 10%, with about half of that increase due to current
year banding and about half due to residual effects of banding
in previous years. Banding P with the seed also produced
significant increases in dry matter yield. The favorable effects
of banding P with the seed were even observed in soils with high
levels of available P, according to a soil test. Therefore, the
authors concluded that applying P with the seed may be desirable
for spring wheat in the Northern Great Plains, regardless of the
level of available P in the soil.

Knapp and Knapp (1978) studied the response of winter wheat
to date of planting and fall fertilization in central New York.
The soils used for the experiment were of medium P level. Nitrogen
and P were banded at planting time at the rates of O N and O P, O N
and 20 kg P/ha, 22 kg N/ha and O P, and 22 kg N/ha and 20 kg P/ha.
The authors observed that P alone or with N increased winter
survival and grain yield. Increases in grain yield were attributed
to increases in the number of spikes per unit area and mean kernel
weight. Nitrogen applied alone had little effect on grain yield
and grain yield components. The authors concluded that in their

area, the application of P with the seed is important to improve
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tillering and winter survival, especially at late planting
dates.

To summarize, seed-banded applications of N and P fertilizer
in winter wheat can be useful to increase early growth. This
vegetative growth increase could result in increased grain
yvields in soils testing low in available P or in areas with low
temperatures during the early stages of growth. In such cases,
the grain yield increases would probably result from increases
in the number of spikes per unit area, although increases in

mean kernel weight could also be obtained.
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MATERIALS AND METHODS

Field Studies.

Field studies were conducted at three locations in two
Kansas counties over the 1980-81 and 1981-82 crop years (Figure 1).
Soil type and soil analytical data for these locations are present-
ed in Tables 1 and 2. Dates for fertilizer application, seeding,
and grain harvest, as well as seeding rates and cultivar used are

given in Table 3.

1980-81 Study.

The 1980-81 study was conducted in Dickinson county. Recent
crops and fertilizer applications at this site are presented in
Table 4.

The experimental design used was a split plot where three
rates of preplant—banded-fertilizer (112-0, 112-10, and 112-20
kg/ha of N and P, respectively) were the main plot treatments
and five rates of seed-banded fertilizer (0-0, 1.5-2.5, 3-5,
6-10, and 12-20 kg/ha of N and P, respectively) the subplot treat-
ments. The main plot treatments were arranged in a randomized
complete block design with four replications, whereas the sub-
plot tra;tments were completely randomized within each main plot.
The subplots were 3.05 x 9.15 m.

The preplant treatments were formulated with liquid ammonium
polyphosphate (10-14,8-0) and urea-ammonium nitrate solution (28-
0-0) and were applied 16 days before sowing. These applications

were made with an applicator equipped with shanks which placed
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the fertilizer solution in bands 15-20 cm deep and 46 cm apart.
In order to determine the location of the preplant bands after
planting, flags were placed over the bands at the time of the
application. The seed-banded treatments were formulated with
liquid ammonium polyphosphate (10-14.8-0) and were applied
through a delivery tube (in the drill) which placed the fertiliz-
er solution in contact with the seed.

The wheat was drilled in rows perpendicular to the preplant
band using an Ontario drill with nine disk openers spaced 17.8
cm apart.

Detailed tiller counts and spike samplings were conducted
in the main plots with the highest rate of preplant-banded
fertilizer (112 and 20 kg/ha of N and P, respectively). For
that purpose, two 60 cm row sections in each subplot were thinned
to a density of 5 plants per 11.5 cm of row (246 plants/mz), and
then flags were placed to separate three areas along each row.
The 11.5 cm of row centered over a preplant band constituted
an "A" area, the next 11.5 cm to the side formed a "B" area, and
the next 11.5 cm of row, centered between two preplant bands,
constituted a "C" area (Figure 2). These areas were used for in-
situ tiller counts at the early tilléring stage (5 December), and
at the advanced tillering stage (28 February). The results were
expressed as number of tillers/m2 in each area. The marked areas
were also used for spike samplings at harvest to determine number
of spikes/mg, number of kernels/spike, mean kernel weight, grain

yield/mz, and grain protein and P concentrations in each area.
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All the results involving grain weights were expressed on a mois-
ture basis of 0.125 kg/kg. Tiller survival in each area, for each

treatment, was calculated as follows:

% tiller survival = tillers/m2 at the advanced tiller, stage
x 100
spikes/mZ at harvest

Tissue samples from areas A, B, and C were taken from all the
subplots at the advanced tillering stage (14 March) and at anthesis
(2 May). At each sampling date, the plants in ;hree areas A, B, and
C, in each subplot, were clipped at the soil surface, placed in
paper bags, and taken to the laboratory. These samples were used
to determine dry matter/m? and tissﬁe N and P concentrations in

each area.

1981~82 Studies.

The 1981-82 studies were carried out in Dickinson and Marion
counties. Recent crops and fertilizer applications at these sites
are presented in Table 4., The experimental design used was the same
as that used in 1980-81, but fertilizer rates, subplot dimensions,
and sampling methods were different.

The rates of preplant-banded fertilizer were 70-0, 70-9, and
.70—18 kg/ha of N and P, respectively, whereas the rates of seed
banded fertilizer were 0-0, 15-0, 15-4.5, 15-9, and 15-18 kg/ha of
N and P, respectively. The preplant-banded applications were made
16 and 7 days before sowing at Dickinson and Marion counties, respec—-
tively.

The subplots were 2.40 x 11.60 m, and were planted using an
International drill with twelve disk openers spaced 20 cm apart. An

area 2.40 x 2.45 m, at the end of each subplot, was used for sampling
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areas A, B, and C along the crop row, and was not included in the
final harvest.

Plant samplings were conducted at the advanced tillering stage
(27 March and 3 April in Dickinson and Marion counties, respectively)
and at harvest. At the advanced tillering stage, the plants in three
areas A, B, and C, in each subplot, were dug and placed in plastic
bags. These samples were taken to the laboratory where tillers were
counted and dry matter weights and tissue N and P concentrations
were determined. The results were expressed as number of tillers/mz,
dry matter/mz, and percentages of N and P in the tissue. At harvest
time, the spikes in three areas A, B, and C, in each subplot, were
collected, placed in paper bags, and taken to the laboratory. These
samples were processed to determine number of spikes/mg, number of
kernels/spike, mean kernel weight, grain yieldlmz, and grain protein
and P concentrations in each area. All the results involving grain
weights were expressed on a moisture basis of 0.125 kg/kg. Tiller
survival was calculated as described previously.

At all locations, grain yields were estimated by harvesting an
area 1.95 x 9.15 m in the center of each subplot. A model E Allis
Chalmers combine, specifically rebuilt for small plot harvesting, was
used for that purpose. A sample of grain from each subplot was saved
for moisture determination and chemical analysis. Grain yields and
grain protein and P concentrations were then adjusted to a moisture

content of 0.125 kg/ha.
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Temperature and precipitation data for both years, at
Herington, are presented in Appendix Figures A-1, A-2, and A-3.
These data were collected by an official observer of the National
Weather Service. The sites in Dickinson county are approximately
40 km north of Herington, whereas the site in Marion county is

approximately 30 km south of Herington.

Greenhouse Study.

In the fall of 1981, a greenhouse experiment was conducted
to study the absorption of P from seed-banded and preplant-banded
fertilizers by wheat plants growing either over or to the side of
a preplant band.

The soil used was collected from the upper 20 cm of soil at
the site of the 1981-82 field study in Dickinson county. The soil
was collected on 19 August and kept in covered plastic containers
until the end of October. Then it was sieved through a 5 mm screen,
mixed, and subjected to chemical analyses. BSoil chemical analyses
(as of 26 October) and particle size distribution are presented in
Table 5.

The treatments were arranged in a split plot design where the
main plots were eight plastic boxes (32 x 27.5 x 17 cm deep) which
contained two rows (17 cm apart) of Newton wheat each, and one pre-
plant band placed 10 cm directly below one of the wheat rows (Figure
3. The rate of fertilizer in the preplant band was equivalent to
70 kg N/ha and 13 kg P/ha. The subplots were the wheat rows within

a box.
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Fig. 3. The upper diagram shows a cross-sectional
view of a box without seed-banded fertilizer.
The lower diagram shows a cross-sectional
view of a box with seed-banded fertilizer.
( SB = seed-banded fertilizer; PPB = pre-

plant~banded fertilizer ).
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The main plot treatments were two rates of seed-banded fertilizer
(0-0, and 15-4.5 kg/ha of N and P, respectively), whereas the subplot
treatments were two locations of the wheat row with respect to the
preplant band (over or to the side of the preplant band). The main
plot treatments were arranged in two replications of a 2 x 2 latin
square design so that there would be four rows and two columns. The
subplot treatments were completeley randomized within each main plot.

The sources of N and P used in the prepland bands and seed bands
were reagent grade ammonium nitrate and diammonium phosphate. The P

applied in the preplant band was labeled with 32P, whereas the P

applied in the seed band was labeled with 33?.

The N solution for the preplant band was prepared by dissolving
14.6 g of ammonium nitrate in 25 mL of deionized distilled water;
2.5 mL of this solution was then used in each box. The N-solution
used in the seed band was prepared by dissolving 1.39 g of ammonium
nitrate in 25 mL qﬁ deionized distilled water; 5 ml of this solution
(2.5 mL per wheat row) wasused in each of the ‘four boxes that received
seed-banded fertilizer. The balances of N needed to apply the de-
sired N rates were added with the P solution (diammonium phosphate).

To prepare the P solution for the preplant band, 4.9 g of
diammonium phosphate was dissolved in 10 mL of deionized distilled
water, and then 3.7 x 108 Bq (10 mCr) of 32? was added. This solu-
tion, diluted with distilled water to a final volume of 25 mL,
constituted the 32P stock solution, 2.5 mL of this solution was used
in each box. The P solution for the seed band was prepared by

dissolving 0.82 g of diammonium phosphate in 10 mL of deionized

distilled water, adding 3.7 x 10’ Bq (1 mCr) of >°P, and diluting
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with distilled water to a final volume of 25 mL. This solution
constituted: the 33P stock solution; 5 mL of this solution (2.5 mL
per wheat row) was used in each of the four boxes that received
seed-banded fertilizer.

The following procedure was used to fill the boxes. First,
3,924 g of soil (with average gravimetric water content (w) of
0.173 kg/kg) was added and compacted into a layer 4 cm thick.
Distilled water was then added to raise the moisture content to
w = 0.30 kg/kg. The boxes were covered with plastic and the soil
was éllowed to equilibrate overnight. Next morning, the preplant
band was applied by delivering the corresponding volumes qf the N
and P solutions in a narrow band, by means of a pipette. Then, four
consecutive amounts of soil weighing 2,452 g each (w = 0.173 kg/kg)
were added and compacted to a thickness of 2.5 cm each. These
additions increased the total depth of soil to 14 cm. Next, 1,060 g
of distilled water was added to raise the water content of the added
soil to w = 0.30 kg/kg. The soil was again allowed to equilibrate
overnight, and next morning the seed-banded fertilizer was applied.
This application was made by delivering the corresponding volumes of
the N and P solutions in narrow bands, by means of a pipette. The
fertilizer bands were covered with a loose layer of soil 0.6 cm thick
and then 28 Newton wheat seeds were placed right above each band. The
thin layer of soil between the fertilizer and the seeds was intended
to reduce the possibilities of seed injury due to the radiation emitt-
ed by 33?. The seeds were covered with 2,943 g of soil (w - 0.173 kg/

kg) which was packed in a layer 3 cm thick. Finally, 318 g of distilled
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water was added to raise the water content in the last layer of
soil to w = 0.30 kg/kg. The estimated dry bulk density obtained
was approximately 0.95 Mg/ms.

In order to reduce water losses by evaporation, the boxes were
kept covered with paper until emergence. Just before emergence,
enough distilled water was added to raise the water content to
w = 0.30 kg/kg with the purpose of eliminating the surface crust
and facilitate emergence. From then on, the boxes were weighed
periodically, and water was added when the weights indicated that
in most of the boxes the water content had decreased to approximately
0.20 kg/kg. Each time water was added,w was raised to approximately
0.30 kg/kg.

The wheat, planted on 6 November, was grown for 40 days in
the gréenhouse, with total above-ground plant parts sampled every 10
days. Twelve plants per row were taken in the first sampling, four
in the second, and three in the following samplings. These samples
were used to determine the number of tillers/plant, average plant
weight, tissue N and P contents, and amounts of P absorbed from the
seed-banded and preplant-banded fertilizer, respectively.

The temperature control in the greenhouse was adjusted to
obtain temperatures similar to those normally occurring in the field
during the month of October. Ten-day averages of air relative humidity
and soil temperature at 8 cm of depth, at 8 a.m. and 2 p.m. are given

in Appendix Table A-1.
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Laboratory analyses.

Field studies.

Tissue samples. Tissue samples from the field studies were dried

in a forced air oven (at 60°C for 5 days), ground through a Udy
rotary-abrasion mill, and stored in sealed, plastic vials. Prior
to weighing of samples for chemical analyses, the vials were placed
in an oven at 45°C for 24 h.

A 0.25 g of ground tissue was placed into a digestion tube and
2 mL of concentrated H2504 acid was added. The tubes were then
placed under a hood in an aluminum digestion block, and 1 mL of 30%
H202 was added to each tube. The samples were heated at 300°C with
subsequent additions of 1.mL of 30% HZOZ until the digest solution
remained clear (Linder and Harley, 194ﬁ). The digests were then
removed from the digestion block, diluted to 50 mL with distilled
water, and stored in polyethylene bottles. The determinations of
total N and P were carried out on these diluted solutions using a
Technicon Auto Analyzer. The N determinations were made with a
colorimetric method in which an emerald-green color is formed by the
reaction of ammonia, sodium salicylate, sodium nitroprusside, and
sodium hypochlorite in a medium buffered at a pH of 12.8 to 13.0.
The ammonia - salicylate complex was read at 660 nm. The P determina-
tions were made using a colorimetric method in which a blue color is
formed by the reaction of orthophosphate, molybdate ion, and antimony
ion, followed by reduction with ascorbic acid at an acidic pH. The

resultant complex was read at 660 nm (Technicon Industrial Systems,

1977a).
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Grain Samples. Grain samples were ground through a Udy-rotary

abrasion mill and stored in sealed, plastic vials. Ground grain
samples were then handled and analyzed for N and P contents in

the same way as described for tissue samples. The percent protein
in the grain was calculated by multiplying the percent N in the

grain by a factor of 5.7.

Soil samples. Soil samples were analyzed by the Soil Testing

Laboratory at Kansas State University.

The organic matter content was determined by subjecting the
s0il sample to wet oxidation by potassium dichromate and sulfuric
acid, and then reading the green color of the oxidized reagent at
620 nm (Carolan, 1948).

To determine pH, 5 g of soil were mixed with 5 mL of deionized
water and then the mixture was allowed to stand for 10 minutes. The
sample was then stirred and the pH measured.

The NHa-N and NOB-N levels were determined on a KCl extract
(2 g of soil and 20 mL of 2N KCl) using a Technicon Auto Analyzer.
The NH,-N determinations were made with the same method used to

4
determine N content in tissue samples. The NO_-N determinations were

3
made usiné a procedure whereby nitrate is reduced to nitrite in a
copper-cadﬁium reductor column. The nitrate ion then reacts with
sulfanilamide (under acidic conditions) to form a diazo compound,
which in turn couples with N-l-naphthylethylane diamine dihydrochloride

to form a redish-purple azo dye. This color was then read at 520 nm

(Technicon Industrial Systems, 1977b).
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Bray-1 phosphorus (Bray andKurtz, 1945) was determined on 5 mL of
an extract prepared by shaking 1 g of soil with ;0 mL of extractant
(0.025 N HC1 in 0.03 N NHAF) for 40 seconds. The blue color developed
(after the addition of 0.25 mL of acid molybdate solution and 0.25
mL of dilute reducing agent) was read at 650 nm.

Exchangeable K was determined on an extract prepared by shaking
5 g of soil with 25 mL of extractant (1 N NHAOAC pH 7.0) for 10
minutes (Mervin and Peech, 1950). Potassium in solution was

measured using a flame spectrophotometer.

Greenhouse study.

Tissue samples. Tissue samples from the greenhouse study were placed

in paper bags and dried in an oven at 55°C for at least 6 days. The
samples were then cut into small pieces (<0.5 cm) with scissors,
since the small amounts of sample available did not allow the use of
a grinder.

A known weight of tissue (approximately 0.12 g) was placed into
a digestion tube and digested as described previously for tissue
samples from.the field studies; the final digests were diluted to
25 mL instead of 50 mL. The N and P content determinations were
carried out on these diluted solutions using a Technicon Auto Analyzer,
as described previously. Aliquots of these digests were also used
for assays of radiocactivity to determine the amounts of P absorbed
from the 3ZP-labeled preplant-banded fertilizer, and from the 33P-
labeled seed-banded fertilizer. The samples from each sampling date

were assayed for radioactivity immediately after the sulfuric diges-

tion was completed.
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Assay of radiocactivity. The 32P and 33P isotopes are both beta

emitters. The 32P isotope has an Emai of 1.71 million electron
volts (MeV) and a half-life of 14.3 days, whereas the 33P isotope
has an Emax of 0.250 MeV and a half-life of 25.4 days. The beta
particles emitted by these isotopes have different energy distri-
butions, which allows the determination of the amount of radiation
coming from each isotope,when both isotopes are present in a sample.
In this study, a dual-channel liquid scintillation counter (Beckman
LS-200B) was used for that purpose. Channel A recorded all of the
33P counts and a fraction of the 32P counts, while channel B re-
corded the other fraction of the 32? counts and no counts from 33?
(Figure 4).

Counts were taken in three types of samples: counting standards

for each of the isotopes, sample digests with 32P and 33P, and sample

digests with only 32P. The counting'staudafd for 32? was used to
determine the fraction of the total 32? counts recorded by each
channel. This counting standard was also used to determine the
actual amounts of P coming from the 32P---labeled fertilizer in each

of the samples that contained 32?. The counting standard for 33?

was used to determine the actual amounts of P coming from the 33?*

labeled fertilizer in each of the samples that contained 33P.

Each of the samples was counted for at least 5 min and the read-
ings were expressed as counts per minute (CPM). The reading obtained
in each channel was corrected for backgrqﬁnd radiation by substract-

ing from it the average reading of sampleé containing sulfuric digests

of control plants (plants that contained no labeled P).
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The first step in the preparation of the counting standards
for 32P and 33P was to prepare standard solutions from the stock
solutions used in the preplant bands and seed bands, respectively.
The 32P standard solution was made by pipetting 5 uL of the 32P
stock solution into a 25 mL volumetric flask and then diluting to
the mark with sulfuric digest of control plants. The 33P standard
solution was prepared by pipetting 10 uL of the 33P stock solution
into a 25 mL volumetric flask and diluting to the mark with sulfuric
digest of control plants.

To make the 32? counting standard, 2 mL of the 32P standard
solution was pipetted into a liquid scintillation vial to which, 2
mlL of sulfuric digest of confroi plants and 15 mL of Aquasol (liquid
scintillation cocktail obtained from New England Nuclear, in
Massachusetts) had been added. The 33P counting standard was pre-
pared by pipetting 2 mL of the 33P standard solution, 2 mL of
sulfuric digest of control plants, and 15 mL of Aquasol into a
liquid scintillation wvial. Each sample digest was prepared for
counting by pipetting 4 mL of digest and 15 mL of Aquasol into a
liquid scintillation wvial.

The CPM obtained in each channel for the 32? counting standard

was used in equations developed to determine the total CPM for 32P

and 33P in sample digests containing both isotopes. The equations

used for that purpose are as follows (Leikam, 1980):



Corrected CPM = Observed CPM - Background CPM

= total corrected CPM for 32?

32
Ty = total corrected CPM for 33?

rA = corrected CPM in Channel A

rB = corrected CPM in Channel B

r

RA 39 = corrected CPM for 32P counting standard in Channel A
L]

RB 32 = corrected CPM for 33P counting standard in Channel B.
]

_ R ‘
TaT T3t o A;3§ 1)
2,32 T B30

Thus,

R, 32 | -
Ry,32 T Rp30

_ R
4,32 T Rp,32
Thus,
_ R +
232 = rB A:32 RB,BZ e, (4)
Rg,32

substituting iy in equation (2) for equation (4) gives:

T, - T, Ra,32 T Ry 30 Ri.32
Rg,32 Ry,32 ¥ Rp,32
R

r33 = rA - rB [ A,32J (6)

X

33 (5)

Rg,32
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Therefore, equations (4) aﬁd (6) can be used to calculate the
total CPM for 32? and 33P, respectively, in sample digests contain-
ing both isotopes.

Since only half of the boxes contained 32P and 33P, at the
most only half of the samples contained both isotopes. The other
samples contained only 32P. The total CPM for 32P in the sample
digests containing only 32P was calculated by adding the corrected
CPM obtained in each channel:

Tap = By TRy
The total CPM for the 32P counting standard was also calculated by
adding the corrected CPM in each channel. The total CPM for the
33? counting standard was the corrected LPM obtained in channel A
since channel B did not record any radiation from 33?.
The total CPM for the 32P counting standard and 33P counting
standard were used to determine the specific activities of the P

applied in the preplant bands and seed bands, respectively:

Specific activity of P _ Total CPM for 32P counting standard

in preplant band mg P in 24P counting standard
Specific activity of P _ Total CPM for 33? counting standard
in seed band mg P in 3P counting standard

These specific activities were used to calculate the amounts
of P coming from the preplant band and seed band, respectively, in
each sample:
mg P from preplant _ Total CPM for 32? in sample x 25 mL digest

band in sample Specific activity of P in preplant band x 4 mL
digest

mg P from seed _ Total CPM for 33P in sample x 25 mL digest
band in sample Specific activity of P in preplant band x 4 mL
digest
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The proportion of the total P coming from the preplant

bands and seed bands, respectively, was calculated as follows:

Z P from _ mg P from preplant band in sample % 100
preplant band mg total P in sample

%z P from = mg P from seed band in sample % 100

seed hand mg total P in sample

Statistical analyses.

All the data were analyzed by the Statistical Analysis
System (Helwig and Council (ed), 1979),available at the Computing
Center at Kansas State University.

In the field studies, when samples from areas A, B, and C
were collected only in the subplots of one the main plot treatments,
the variables measured in those areas were analyzed as coming from
a split plot design. In this design, seed band rates were the main
plot treatments and areas within the row (A, B, C) the subplot
treatments. When samples from areas A, B, and C were collected
in all the subplots, the variables measured in those areas were
analyzed as coming from a split-split plot design. In this
design, preplant band rates were the main plot treatments, seed-
band rates the subplot treatments, and areas within the row (A,

B, C) the sub-subplot treatments.

When analyzing the results of the greenhouse study it was
found that most of the measured variables had not been affected
by the rows and columns in which the boxes had been arranged.

For those variables, the sums of squares of rows and columns were
pooled into the sums of squares for the main plot error in order

to obtain more degrees of freedom. for the error term.
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RESULTS AND DISCUSSION

Field Studies

The 1980-81 and 1981-82 crop years were very different in
climatic conditions. The 1980-81 year was warmer and drier than
normal, especially early in the spring, whereas the 1981-82 year
was about normal in temperatures but higher than normal in rain-
fall (Appendix Figures A-1l, A-2, and A-3). These different
climatic conditions provided two contrasting environments for the
field studies, one with limited water supply, especially early in

the spring, and another with non-limiting water supply.

1980-81 Field study in Dickinson Co.

An error caused this study to be drilled with a seeding rate
double than intended (Table 3). This may have affected the re-
sults obtained at the different tissue samplings and at harvest.
Tiller counts and spike samplings were conducted in row areas
thinned to a normal population (246 plants/mz), and thus were not
" affected by the high seeding rate.

When the study was planted (6 October) the seedbed was too dry
to allow immediate germination and emergence. For that reason,
the wheat did not emerge until after a rain received on 16 October.

Approximately one month after emergence (22 November), the
subplots with the two highest rates of seed-banded fertilizer (6-10,
and 12-20 kg/ha of N and P, respectively) were visually superior to

the others in terms of wheat growth. At that time, row areas over
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preplant bands were showing slightly more growth than row areas

between preplant bands.

Tiller counts

As described in Materials and Methods, the tiller counts in
this study were made only in the main plots with the highest rate
of preplant-banded fertilizer (112 and 20 kg/ha of N and P,
respectively).

The results of the counts made on 5 December are summarized
in Table 6. The analysis of variance performed on these results
is given in Appendix Table A-2. There were significant effects
of seed-band rate and row area location, but there was no signifi-
cant interaction between the two factors. The number of tillers/m2
was significantly increased by two highest rates of seed-banded
fertilizer, compared to the control. Row areas over (A) or
immediately to the side of a preplant band (B) had significantly
more tillers/m2 than row areas midway between preplant bands (C).
These differences between row areas were visually apparent as a
"wavy effect" in the fiéld.

By the second tiller count (28 February), the number of
tillers/mz had doubled, and the visual "wavy effect” had increased
(Table 6). As in %he previous tiller count, there were signifi-
cant effects of seed band rate and row area location, but there
was no significant interaction between the two factors (Appendix
Table A-2). As before, the number of tillex_-s/m2 was significantly
increased by the two highest rates of seed-banded fertilizer, when

compared to the control. There were large differences between row
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areas, with those areas over preplant bands having almost one
; 2 :
and a half more tillers/m than row areas midway between pre-

plant bands.

Tissue samplings.

Tissue samples were taken in all the subplots of the
experiment. The results of the sampling conducted on 14 March
are presented in Table 7. The analysis of variance of these
results (Appendix Table A-3) indicates that dry matter yields
were significantly affected by seed band rate and row area
location but not by preplant rate, and that there were no
significant interactions among the three factors. As observed
for the number of tillers/mg, significant increases in dry
matter yield were only obtained with the two highest rates of
seed-banded fertilizer (Table 8). On the average, row areas over
preplant bands héd almost two and a half times more dry matter
than row areas midway between preplant bands. This produced a
very marked "wavy effect'" in the field.

There was a sighificant seed band rate by row area inter-
action for the concentrations of N and P in the tissue. The
addition of seed-banded fertilizer produced a larger increase in
the concentration of N and P in plants growing between preplant
bands than in plants growing over preplant bands (Table 9). The
addition of seed-banded fertilizer, however, did not eliminate

the differences in nutrient composition between row areas.
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Table 8. Main effects of seed band rate of N and P and

row area location on dry matter yield of winter
wheat (Dickinscn Co., 14 March 1981).

Seed band
N P Dry matter yield
------- kg/ha=====—v g/m2
0 0 117 ¢
1.5 2+5 128 ¢
3 5 125 ¢
6 10 142 b
12 20 ‘ 155 a
Row area*
A 200 a
B , 116 b
c 84 ¢

+ Means followed by the same letter are not significantly
different according to pairwise comparisons using
Fisher's L.S.D. at the 0.05 level of probability.

*

A

B

11.5 cm of row centered over a preplant band.
11.5 cm of row centered between A and C.

11.5 cm of row centered between preplant bands.
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Table 9. Effects of band rate of N and P and row area
location on winter wheat tissue composition,
averaged over preplant band rates (Dickinson
Co., 14 March 1981).

Seed band Row area*
N P A B c
------ kg/ha==—-—- ———=——=-Tigsue N (%)-—====—=
0 0 4.32 4.04 3.80
1.5 2.5 4.35 4.28 3.94
3 5 4.40 4.20 3.98
6 10 4.32 4.21 4.04
12 20 4.35 4.32 4.13
—===—=kg/ha====== = e Tissue P (%)-=—===—-
0 0 0.31 0.27 0.21
1.5 2.5 0.31 0.28 0.22
3 5 0.31 0.27 0.22
6 10 0.31 0.28 0.24
12 20 0.33 0.30 6.27
L.S.D. 0.05: Tissue N (%) Tissue P (%)
between row areas within
a seed band rate 0.11 0.01
between seed band rates 0.15 0.02

g
I

(-]
"

@]
"

11.5 cm of row centered between A and C.

11.5 cm of row centered over a preplant band.

11.5 cm of row centered between preplant bands.
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There was a significant preplant rate by row area interaction
for tissue P concentration. An increase in the rate of P in the
preplant band produced a larger increase in tissue P concentration
in plants growing over preplant bands than in those growing between
preplant bands (Table 10).

The dry matter yields per hectare calculated from the dry
matter yields in the three row areas sampled (A, B, C) are presented
in Table 11. The corresponding analysis of variance can be found
in Appendix Tahle A-4. Dry matter yields per hectare were signifi-
cantly affected by seed band rate, but not by preplant rate. The
two highest rates of seed-banded fertilizer produced significant
increases in dry matter yield when compared to the control.

The results of the sampling conducted at anthesis (2 May)
are presented in Table 12; the corresponding analyses of variance
can be found in Appendix Table A-5. There was a significant seed
band rate by row area interaction for dry matter yield. Increasing.
the rate of seed-banded fertilizer significantly increased the
dry matter yield in row areas midway between preplant bands, but
did not affect it significantly in row areas right over or
immediately to the side of a preplant band (Table 13). This was
to be expected since by this stage of growth, plants growing close
to the preplant band, without seed banded fertilizer, probably had
absorbed enough nutrients from the preplant band to compensate for
the lack of fertilizer banded with the seed; plants growing midway
between preplant bands, on the other hand, probably had not been

able to do so. The highest rate of seed-banded fertilizer decreased
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Table 10. Effects of preplant band rate of N and P and
row area location on winter wheat tissue P
concentration, averaged over seed band rates
(Dickinson Co., 14 March.1981).

Preplant Rate Row area*
N P A B C
kg/ha -==Tissue P (%)=—=—===-
112 0 0.27 0.25 0.22
112 10 0.33 0.29 0.24
112 20 - 0.35 0.31 0.23

L.S.D. 0.05

between row areas within a preplant rate 0.01

between preplant rates 0.03

=
0

o)
{1

@]
]

11.5 cm of row centered over a preplant band.
11.5 cm of row centered between A and C.

11.5 cm of row centered between preplant bands.
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Table 11. Effects of preplant band and seed band rates of N and
P on dry matter yield of winter wheat (Dickinson Co.,

1981).
Preplant Band Seed band
N P N P 14 March 1981 2 May 1981
kg/ha====- ——-kg/ha—-- kg/ha
112 0 0 0 993 5348
1.5 2.5 1218 5674
3 5 993 5858
6 10 1288 6655
12 20 1537 7492
112 10 0 0 1304 7116
1.5 2.5 1261 6424
3 5 1371 5754
6 10 1384 6667
12 20 1593 6190
112 20 0 0 1110 6172
1.5 245 1178 5886
3 5 1292 5594
6 10 1402 6630
12 20 1436 6522
Mean Values
Preplant band
112 0 1206 6206
112 10 1383 6430
112 20 1284 6161
Seed band
0 0 1136 ct 6212 abc
1.5 2,5 1219 ¢ 5995 be
3 5 1219 ¢ 5736 ¢
6 10 1358 b 6651 ab
12 20 1522 a 6735 ab

+'Means followed by the same letter within a column are not
significantly different according to pairwise comparisons
using Fisher's L.S.D. at the 0.05 level of probability.
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Table 13. Effects of preplant band rate of N and P and row
area location, and effects of seed band rate of
N and P and row area location on dry matter yield
of winter wheat, averaged over seed band rates and
preplant band rates, respectively (Dickinson Co.)

Preplant band Row area*

N P A B C
—————— kg/ha————=- -=--=Dry matter yield (g/mz)---—--——
112 0 733 607 535
112 10 856 636 447
112 20 . 905 573 414

L.S.D. 0,05

between row areas within a preplant rate 76

between preplant rates 127

Seed band Row area*
N P A B C
kg/ha-===== = e———— Dry matter yield (g/mz) ————————

0 0 864 592 . 435
15 2.5 872 570 386
3 5 792 540 423
6 10 830 660 513
12 20 799 663 570

L.S 'D. 0.05

between row areas within a seed band rate 98

between seed band rates 118

A=11.5 cm of row centered over a preplant band.
B =11.5 cm of row centered between A and C.

C = 11.5 cm of row centered between preplant bands.
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the "wavy effect" since it increased wheat growth between

preplant bands without significantly affecting it over preplant
bands. The "wavy effect'" was still present, however, as indicated
by the differences in dry matter yield between row areas of the
highest seed band rate.

There was a significant preplant rate by row area interaction
for matter yield. Increasing the rate of P in the preplant band
increased the dry matter yield in row areas over preplant bands
and tended to decrease it in row areas between preplant bands
(Table 13). These results would suggest the presence of a limit-
ing factor, probably soil moisture, which was limiting the dry
matter produced per unit area of land. This seems to be supported
by the results obtained when the dry matter yields in the sampled
row areas were used to calculate the dry matter yields per hectare
(Table 11). Both, the addition of P to the preplant band, and the
application of seed-banded fertilizer failed to produce significant
increases in dry matter yield per hectare.

There was a significant seed band rate by row area interaction
for tissue P concentration. The highest rate of seed-banded
fertilizer significantly increased tissue P concentration in plants
growing over preplant bands, but did not affect it significantly
in plants growing midway between preplant bands,when compared to
the control (Table 14). At the lower seed band rates, plants
growing over preplant bands had lower tissue P concentrations than
plants growing between preplant bands. These results are reversed

to those of the earlier sampling date, and are probably due to a



Table 14. Effects of seed band rate of N and P and row area
- location on winter wheat tissue P concentration,
averaged over preplant rates (Dickinson Co.,

2 May 1981).
Seed band Row area*
N P A B c
——e——kg/ha=-———-— cmmmmeeee=Tissue P (%) =cmecem—aae-
0 0 0.16 0.17 0.18
1.5 25 0.16 | 0.17 0.18
3 5 0.16 0.17 0.18
6 10 0.17 0.17 0.17
12 20 0.19 0.19 0.19

L'S'D. 0.05:

between row areas within a seed band rate . 0.01

between seed band rates 0.02

& .
A = 11.5 cm of row centered over a preplant band.
B = 11.5 cm of row centered between A and C.

C = 11.5 cm of row centered between preplant bands.
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dilution effect caused by theextensive wheat growth observed

directly over preplant bands.
Tissue N concentration was not significantly affected by

any of the factors at this sampling date.

Spike sampling

The results of the spike sampling conducted just before
harvest are summarized in Tables 15 and 16. The analyses of
variance of these results can be found in Appendix Tables A-6
and A-7. Number of spikes/m2 and grain yield were significantly
affected by row area location, but not by geed band rate. Row
areas over preplant bands had almost twice as many spikes/m2 and
vielded almost twice as much grain as row areas midway between
preplant bands. This shows that the "wavy effect" was still
present at harvest time. Grain composition and other grain yield
components were not affected by any of the factors at this
sampling date.

The percent tiller survival for each of the seed band rates
in the main plots with 112 kg N/ha and 20 kg P/ha in the preplant
band is presented in Table 17; the corresponding analysis of
variance can be found in Appendix Table A-8. There were signifi-
cant effects of seed band rate and row area location, but there
was no significant interaction between the two factors. The two
highest rates of seed-banded fertilizer decreased the percent
tiller survival when compared to the lower seed band rates. This

was due to the fact that the two highest seed band rates increased
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Table 15. Effects of seed band rate of N and P and row area
location on grainyield components of winter wheat
(Dickinson Co., 1981).%**

Seed band Row area®
N P A B C
2
kg/ha - eeme——— Spikes/m" ===—mee——
0 0 781 529 332
1.5 2.5 695 621 400
3 5 849 609 430
6 10 756 578 332
12 20 750 627 480
x 766 at 593 b 395 ¢
—————— Kernels/spike———————
0 0 25:3 27:3 21.0
1.5 2.5 23.0 24.7 23.3
3 5 23,5 21.5 213
6 10 22.5 21.5 23.0
12 20 24,7 24.0 22,7
X 23.8 23.8 22.3
—————— Kernel wt. (mg)=-—————-
0 0 30.4 31.3 30.6
Lub 2.5 30.1 32.0 30.7
3 5 28.9 31.1 32.5
6 10 31.2 30.7 30.8
12 20 30.3 30.7 30.5
x 30.2 31.2 31.0

*
A = 11.5 cm of row centered over a preplant band.
B = 11.5 cm of row centered between A and C.

C = 11.5 cm of row centered between preplant band.

* Means followed by the same letter within a row are not
significantly different according to pairwise comparisons
using Fisher's L.S.D. at the 0.05 level of probability.

%k
For preplant rate 112-20 only.
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Table 16. Effects of seed band rate of N and P and row area
location on grain yield and grain composition of
winter wheat (Dickinson Co., 1981).%%*

Seed band Row area#®
N P A B C
------- kg/ha=———-—- -————-Grain Yield (g/mz)—-——-—
0 0 601 450 215
1.5 2.5 493 491 295
5 563 415 290
10 523 380 234
12 20 552 451 339
% 547 a' 437 b 275 ¢
-------- Grain Protein (%)-=-=--
0 14.1 13.8 14.7
1.5 2,5 14.0 13.5 13.5
- | 12.6 . 12.4 12.3
10 14.3 14.2 13.6
12 . 20 14.5 ' 13:8 14.1
X : 13.9 13.5 13.6

0 0 0.35 0.34 0.36

1.5 2.5 0.34 0.33 0.35
3 5 0.33 0.35 0.36
6 10 0.38 0.38 0.35
12 20 0.34 0.37 0.36

X 0.35 0.35 0.36

A = 11.5 cm of row centered over a preplant band.
B = 11.5 cm of row centered between A and C.

C = 11.5 cm of row centered between preplant bands.

* Means followed by the same letter within a row are not
significantly different according to pairwise comparisons
using Fisher's L.S.D. at the 0.05 level of probability.

*k
For preplant rate 112-20 only.
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Table 17. Effects of seed band rate of N and P and row
area location on percent tiller survival of
winter wheat (Dickinson Co. 1981).%%*

Seed band Row area® _

N P A B C X
—————==kg/ha-—————- --Tiller survival (%)--

0 0 48.1 35.8 31.9 38.6 ab
1.5 2.5 45.7 43.7 35.1 41.5 a
3 5 47.3 41.0 37.7 42.0 a
6 10 36.1 33.1 25.2 31.5 ¢
12 20 33.3 34.9 31.5 33.2 be

42.1 at 37.7 b  32.3 ¢

i

A =11.5 cm of row centered over a preplant band.
B =11.5 cm of row centered between A and C.
C = 11.5 cm of row centered between preplant bands.

* Means followed by the same letter within a row or column
are not significantly different according to pairwise
comparisons using Fisher's L.S.D. at the 0.05 level of
probability.

*%
For preplant rate 112-20 only.
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the number of tillers/m2 but failed to increase the number of
spikes/mz. Row areas over preplant bands had a significantly
higher percent tiller survival than row areas between preplant
bands. This indicates that the relative differences between row
areas were even larger at harvest time than at the time the

tiller counts were made.

Grain harvest

The results obtained at harvest are presented in Table 18;
the analyses of variance are given in Appendix Table A-9. There
were no significant affects of preplant rate and seed band rate on
grain yield and grain composition.

The lack of a significant response in grain yield to the seed-
banded fertilizer could have been due to the dry and warm climate
conditions that existed early in the spring (Appendix Figures A-1
and A-3). The mild temperatures (which allowed early growth) and

the lack of adequate rain placed the crop under a water stress
which probably limited the number of tillers that were able to
produce spikes. This, in turn, may have eliminated any possible
yield response to the seed-banded fertilizer. The excessive seed-
ing rate used in this study may also have contributed to the water
stress to which the crop was exposed.

The results of this study show that the increases in tillering
and early dry matter production obtained with the application of
seed-banded fertilizer do not necessarily result in significant

increases in grain yield.
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Table 18. Effects of preplant band and seed band rates of N and P
on grain yield and grain composition of winter wheat
(Dickinson Co., 1981).

Preplant band Seed band

N P N P Grain Yield Grain Protein Grain P
~-—-kg/ha-=== -=kg/ha-- ---kg/ha--- —————f———— ——— =
112 0 0 0 3063 14.3 0.34
1.5 2.5 3158 14.2 0.33

3 5 3414 13.4 0.33

6 10 3313 14.6 0.36

12 20 3389 13.9 0.35

112 10 0 0 3237 13.8 0.35
1.5 2.5 3274 14.2 0.36

3 5 3513 15.0 0.36

6 10 3488 14.2 0.36

12 20 3294 14.0 0.37

112 20 0 0 3318 14.4 0.35
1.5 2.5 3394 14.3 0.34

3 5 3237 14.4 0.34

6 10 3419 13.7 0.36

12 20 3496 ' 13.2 0.37

Mean Values

Preplant band

112 0 3266 14.1 0.34
112 10 3360 14.2 0.36
112 20 3373 14.0 0.35
Seed band
0 Q 3205 14.2 0.35
1.5 2.5 3273 14.3 . 0.34
3 5 . 3389 14.3 0.34
6 10 3407 14.2 0.36
12 20 3394 13.7 0.36
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1981-82 Field Study in Dickinson Co.

Adequate soil moisture at planting time allowed rapid
germination and emergence at this site. Approximately one month
after emergence (15 November) there were noticeable differences
in growth between treatments. The subplots with seed-banded N
and P fertilizer were visually superior to those without seed-
banded fertilizer or with only N in the seed band. A slight
"wavy effect" could be observed in the main plots with preplant-

banded N and P fertilizer.

Plant sampling

In the 1981-82 studies, plant samples were taken in all
the subplots of the experiment. The results of the sampling
conducted on 27 March are summarized in Tables 19 and 20. The
corresponding analyses of variance can be found in Appendix
Table A-10. There was a significant preplant rate by seed band
rate by row area interaction for dry matter yield, number of
tillers/m?, and tissue N concentration. In general, the applica;
tion of N alone with the seed did not produce significant in-
creases in dry matter yield, number of tillers/mz, and N content
in tissue, compared to the control. This indicates that N a-
lone was not having an effect. As the seed band rate of P in-
creased, a significant increase in dry matter yield and number
of tillers/m2 was obtained in all the row areas of the preplant
rate 70-0, in row areas B and C of the preplant rate 70-9, and

in row areas A and C of the preplant rate 70-18. These increases
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£

(e

Table 19. Effects of preplant band and seed band rates of N and

P and row area location on dry matter yield and tiller-

ing of winter wheat (Dickinson Co., 27 March 1982).

Preplant band Seed band Row area¥® Row area¥
N P N P A B C A B C
----kg/ha-——-  --kg/ha-- -Dry matter yield (g/mz)- ~~Tillers/m2——
70 0 0 0 73 49 46 ° 1719 1292 1152
15 0 71 43 56 1751 1166 1485
15 4.5 64 63 68 1525 1622 1704
15 9 79 73 70 1783 1772 1676
15 18 97 86 89 2239 2038 2027
70 9 0 0 107 62 40 2153 1643 1055
15 0 102 72 41 2386 1783 1202
15 4.5 118 74 53 2422 1611 1320
15 9 105 93 52 2250 2368 1640
15 18 107 104 81 2106 2343 1902
70 18 0 0 75 69 46 1927 1812 1327
15 0 117 66 43 2626 1618 1256
15 4,5 100 77 66 2397 2002 1801
15 g 112 75 67 2379 1859 1798
15 18 106 70 81 2512 1719 1991
L:S:Ds 0.05 Dry matter yield Tillers/m2
between row areas within a seed band
rate and a preplant rate 20 424
between seed band rates within a row
area and a preplant rate 24 440

A = 11.5 cm of row centered over a preplant band.

11.5 cm of row centered between A and C.

=
]

11.5 em of row centered between preplant bands.

(]
|
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Table 20. Effects of preplant band and seed band rates of N and
P and row area location on winter wheat tissue

composition (Dickinson Co., 27 March 1982).

Preplant band Seed band Row area¥* Row area¥®
N P N P A B Cc A B C
kg/ha —-kg/ha-- --Tissue N (%)-—- —-Tigsue P (%)—=-
70 0 0 0 3.17 3.11  2.98 0.16 0.15 0.14
15 0 3.29  3.19 3.05 0.18 0.17 0.15
15 4.5 3.19 3.41 3.22 0.19 0.19 0.18
15 9 3.64 3.65 3.53 0.22 0.21 0.20
15 18 3.79 3.50 3.45 0.28 0.25 0.25
70 9 0 0 3.65 3.58 3.07 0.27 0.22 0.17
15 0 3.94 3.72 3.16 0.31 0.25 0.17
15 4.5 3.78 3.57 3.37 0.31 0.23 0.20
15 9 4.02 3.85 3.51 0.31 0.29 0.22
15 18 3.33 3.39 3.39 0.29 0.27 0.25
70 18 0 0 4,11 3.83 3.55 0.37 0.31 0.22
15 0 3.96 3.66  3.47 0.36 0.26 0.21
15 4.5 4.55 4,10 3.63 0.39 0.33 0.22
15 9 4.23 4.06 3.68 0.36 0.30 0.25
15 18 3.92 3.72 3.65 0.39 0.32 0.29
L.5.D. 0.05 Tissue N Tissue P
between row areas within a seed bhand rate
and a preplant rate 0.28 0.03
between seed band rates within a row area
and a preplant rate 0.41 0.05

A = 11.5 cm of row centered over a preplant band.

B =11.5 cm of row centered between A and C.

»)
L}

11.5 cm of row centered between preplant bands.
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in wheat growth tended to reduce the "wavy effect", particularly
in the main plots with only N in the preplant band. Increasing
the rate of seed-banded P fertilizer increased tissue N.concentra—
tion in all the row areas of the preplant rate 70-0 and in row
areas Cof the preplant rate 70-9, and had little effect in other
row areas . There was also a lower tissue N concentration as the
distance from the preplant band increased.

There was a significant preplant rate by row area interaction
fqr dry matter yield, number of tillers/mz, and tissue N and P
concentrations. The results presented in Table 21 show that in-
creasing the rate of preplant-banded P produced significant in-
creases in dry matter yield-and number of tillers/m2 in row areas
over preplant bands, but either reduced or did-not affect these
variables in row areas midway between preplant bands. Similarly,
an increase in the rate of P in the preplant band produced larger
increases in the concentrations of N and P in plants growing over
preplant bands than in those growing between preplant bands. This
indicates that the fertilizer P applied in the preplant band pro-
vided a better supply of P to plants growiﬁg close to the preplant
band than to those growing midway between preplant bands.

The dry matter yields per hectare calculated from the results
of the detailed plant sampling are pre%ented in Table 22; the
analysis of variance of these results can be found in Appendix
Table A-11l. Dry matter yields per hectare were significantly
affected by seed band rate but not by preplant rate. The main

effects of the seed band rates show that while the application of
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Table 21. Effects of preplant band rate of N and P and row
area location on dry matter yield, tillering and
tissue composition of winter wheat, averaged over
seed band rates (Dickinson Co., 27 March 1982).

Preplant Rate Row area*
N P A B C
--------- kg/ha=em——e——- . -Dry matter yield (g/m2)~
70 0 77 63 66
70 9 108 81 53
70 18 102 71 60
y 2

--------- Tillers/m =—————-

70 0 1803 1578 1609
70 9 2262 1950 1424
70 18 2368 1802 1635

———==—=Tissue N (%)-=————=

70 0 3.42 3.37 3.25
70 9 3.74 3.62 3.30
70 18 4.15 3.87 3.60
-------- Tissue P (%) ———===——v
70 0 0.21 0.19 0.18
70 9 0.30 0.25 0.20
70 18 0.37 0.30 0.24
. . Dry matter 2
L.S.D. 0.05: yield Tillers/m”~ Tissue N Tissue P
between row areas within
a preplant rate : 9 190 0.13 0.01
between preplant rates 16 176 0.22 0.03
- :

A = 11.5 cm of row centered over a preplant band.
B =11.5 em of row centered between A and C.

11.5 cm of row centered between preplant bands.



Table 22. Effect of preplant band and seed band rates of
N and P on dry matter yield of winter wheat
(Dickinson Co., 27 March 1982).

Preplant band Seed band
N P N P Dry matter yield
-—--kg/ha-——- —--kg/ha-~ kg/ha
70 0 0] 0 549
15 0 536
15 4.5 652
15 9 746
15 18 904
70 9 o 0 682
15 0 727
15 4.5 804
15 9 867
15 18 999
70 18 0 0 : 650
15 0 737
15 4.5 808
15 9 829
15 18 827

Mean values

Preplant band

70 0 678
70 9 816

70 18 770

Seed band

0 0 627 d t+
15 0 667 cd
15 4.5 755 be
15 9 814 ab
15 18 911 a

¥ Means followed by the same letter are not significantly
different according to pairwise comparisons using Fisher's
L.S.D. at the 0.05 level of probability.
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N alone did not have any significant effect, the application of
increasing rates of P with N produced a significant increase in

dry matter yield, when compared to the control.

Spike sampling

The results of the spike sampling conducted just before
harvest are presented in Tables 23 and 24; the analyses of
variance are given in Appendix Tables A~12 and A-13. There was
a significant seed band rate by row area interaction for the
number of spikes/m?, number of kernels/spike, mean kernel weight,
and grain yield. The wuse of N alone in the seed-banded fertilizer
showed a trend toﬁard increasing the number of spikes/m2 and grain
yield in all row areas, but these increases did not reach statis-
tical significance (Table 25). However, the application of N
alone significantly increased the number of kernels/spike and
significantly reduced the mean kernel weight in row areas over
preplant bands. The use of 9 or 18 kg P/ha with N in the seed-
banded fertilizer significantly increased the number of spikes/m2
and grain yield in row areas midway between preplant bands without
having major effects on the other row areas. The grain yield in-
creases obtained in row areas midway between preplant bands were
mainly due to the increases in the number of spikes/mz.

There was a significant preplant rate by row area inter-
action for the number of spikes/mz, grain yield, and grain pro-
tein and P concentrations. Increasing the rate of P in the pre-
plant band from O to 9 and from O to 18 kg P/ha significantly
increased the number of spikes/m2 and grain yield in row areas

over preplant bands, but either reduced or did not affect these
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Table 25, Effects of seed band rate of N and P, and row area
location on grain yield and grain yield components
of winter wheat, averaged over preplant rates
(Dickinson Co., 1982).

Seed band Row area¥*

N P A B C
- kg/ha====== = =ece— Grain yield (g/mz)--—-* -----
0 0 572 338 261
15 0 616 397 269
15 4.5 530 376 334
15 9 602 389 373
15 18 540 411 352

y 2

R e e Spikes/m
0 0 922 550 440
15 0 : 963 631 471
15 4.5 863 618 575
15 9 976 653 623
15 18 889 684 604
——————————— Kernels/spike-—===e——=
0 0 22,2 22,2 21.5
15 0 24.3 22.7 21.4
15 4.5 21.9 22.1 21.3
15 9 21.3 21.7 21.3
15 18 21.0 20.7 21.5
Kernel wt.(mg)—Q ------
0 0 27.8 27.1 27.6
15 0 26.4 27.7 26.4
15 4.5 27.6 27.5 27.2
15 9 28.9 2.1 28.3
15 18 28.8 29.0 26.8

L.S.D. 0.05
Grain Spikes/ Kernels/ Kernel

yield me spike wt.
between row areas within :
a seed band rate 66 103 1.3 1.3
between seed band rates 79 110 1.8 1.3

A =11.5 cm of row centered over a preplant band.

B =11.5 cm of row centered between A and C.

Q
]

11.5 cm of row centered between preplant bands.
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variables in row areas midway between preplant bands (Table 26).
These effects are similar to the effects of increasing the rate

of P in the preplant band on the number of tillers/m2 (Table 21).
The addition of P to the preplant band significantly decreased the
grain protein concentration in row areas over preplant bands with-
out affecting it in row areas midway between preplant bands. This
is probably due to a dilution effect caused by the increase in
grain yield observed in row areas over preplant bands. This
dilution effect in row areas over preplant bands may also be the
reason why increasing the rate of P in the preplant band produced
lower increases in gain P concentration in row areas over preplant
bands than in row areas midway between preplant bands.

The percent tiller survival for the different treatments is
presented in Table 27; the analysis of variance is given in
Appendix Table A-14. Tiller.survival was significantly affected by
row area location only. As observed in the study conducted in
Dickinson Co. during 1980-81, row areas over preplant bands had
higher percent tiller survival than row areas between preplant

bands.

Grain harvest

The results obtained at harvest are presented in Table 28,
the corresponding analyses of variance can be found in Appendix
Table A-11. Grain yields and grain protein concentration were
significantly affected by seed band rate, but not by preplant

rate. The use of N alone in the seed-banded fertilizer produced
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Table 26, Effects of preplant band rate of N and P and row area
location on grain yield, spike demsity, and grain
protein and P concentrations of winter wheat, averaged
over seed band rates (Dickinson Co., 1982)

Preplant band Row area*

N P A B C
mmmmmekg/ha======  ee———— Grain yield (g/m®)=-m--==mn
70 1] 425 389 346
70 9 609 397 285
70 18 682 ' 360 322

Spikes/m2
70 0 710 638 592
70 9 984 642 493
70 18 1075 602 543
-------- Grain protein (%)--——--——-—-

70 0 10.0 10.0 9.7
70 9 9.4 9.5 9.7
70 ; 18 9.3 : 9.4 9.8

m—mmmmmeeeeGrain P (%) =e-————————————

70 0 0.31 0.33 0.31
70 9 0.31 0.31 0.34
70 18 0.34 0.34 0.37

L.S.D. 0.05 2
Grain vield Spikes/m~ Grain protein Grain P

between row areas

within a preplant rate 52 80 0.2 0.03
between preplant rates 56 91 0.6 0.03
*

A =11.5 cm of row centered over a preplant band.

B =11.5 cm of row centered between A and C.

C=11.5 cm of row centered between preplant bands.
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Effects of preplant band and seed band rates of N and

P and row area location on percent tiller survival of

winter wheat (Dickinson Co., 1982).

Preplant band Seed band Row area*

N P N P A B C
----kg/ha---- --kg/ha-- -=-==Tiller survival (Z)----
70 0 0 0 43.0 49.5 54.5

15 0 41.6 55.7 32.7
15 4.5 37.5 38.4 31.8
15 9 41.8 41.7 45.5
15 18 36.5 31.6 31.4
70 9 0 0 51.4 34.4 32.6
15 0 46.1 39.1 37.3
15 4.5 37.1 40.7 40.4
15 9 49.7 26.4 37.1
15 18 41.6 30.2 29.7
70 18 0 0 52.4 28.1 275
15 0 42.5 38.1 41.7
15 4.5 47.8 302 36.9
15 9 48.2 33.4 32.2
15 18 40.9 43.0 31.3
- 43.5 a’  37.4b  36.2 c

%*
A = 11.5 cm of row centered over a preplant band.

B =11.5 em of row centered between A and C.

C =11.5 cm of row centered between preplant bands.

+ Means followed by the same letter are not significantly

different according to pairwise comparisons using Fisher's
L.S.D. at the 0.05 level of probability.
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Table 28. Effect of preplant band and seed band rates of N
and P on grain yield and grain composition of winter
wheat (Dickinson Co., 1982).

Preplant band Seed band

N P N P Grain Yield Grain Protein Grain P
-==~kg/ha---- --kg/ha-- ---kg/ha--- -2 ———f——
70 0 0 0 3193 10.5 0.31

15 0 3124 11.1 0.31
15 4.5 3466 10.3 0.32
15 9 3301 10.5 0.38
15 18 3783 9.7 0.29
70 9 0 0 3073 10.6 0.33
15 0 3529 11.0 0.32
15 4.5 3675 10.4 0.31
15 9 3757 10.0 0.29
15 18 3707 9.8 0.32
70 18 0 0 3359 9.8 0.30
15 0 3789 10.1 0.29
15 4.5 3574 10.4 0.37
15 9 3713 10.3 0.30
15 18 3567 9.8 0.34
. Mean values
Preplant band
70 0 3373 10.4 0.32
70 9 3548 10.4 0.31
70 18 3600 10.1 0.32
Seed band
0 0 3208 b+ 10.3 a 0.31
15 0 3481 a . 10.7 a 0.31
15 4.5 3572 a 10.4 a 0.33
15 9 3591 a 10.3 a 0.32
15 18 3686 a 9.8 b 0.32

+ Means followed by the same letter within a column are not
significantly different according to pairwise comparisons
using Fisher's L.S.D. at the 0.05 level of probability.
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a significant increase in grain yield over the control. The
use of N and P in the seed-banded fertilizer also increased grain
yields over the control but not over the treatment with N alone in
the seed-banded fertilizer. The concentration of protein in the
grain decreased as grain yields increased.

Since there was no grain yield response to preplant-banded
P, it was not possible to determine if the favorable effects of
seed-banded fertilizer on grain yield could be additive to the

effects of preplant banded P.

1981~-82 Field Study in Mariomn Co.

Excellent seedbed conditions and adequate soil moisture
allowed :apid'germination and emergence. Late in the fall, the
subplots that received seed-banded N and P fertilizer were
visually superior to those without seed-banded fertilizer or with
only N in the seed band, in terms of wheat growth. At that time
there were no noticeable differences in growth between plants
growing over preplant bands and plants growing between preplant

bands.

Plant sampling

The results of the sampling conducted on 3 April are present-
ed in Tables 29 and 30; the analyses of variance of these results
are given in Appendix Table A-15. The seed band rate had signif-
icant effects on dry matter yield, number of tillers/mz, and

tissue N and P concentrations, but showed no interaction in these
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effects with preplant rate or row area. The use of N alone in

the seed-banded fertilizer significantly increased tiésue N and

P concentrations, but had no significant effect on dry matter

yield and number of tillers/m2 (Table 31). 1Increasing the rate of
P in the seed-banded fertilizer showed a trend toward increasing
dry matter yield and number of tillers/mz, but those increases
reached statistical significance only with the two highest rates

of P for dry matter yield, and only with the highest rate of P for
the number of tillers/mz. Tissue P concentration was significantly
increased by the two highest rates of seed-banded P.

There was a'significant preplant rate by row area interaction
for dry matter yield, number of tillers/m2 and tissue P concentra-
tion. When only N was applied in the preplant band, there were no
significant differences between row areas for any of the variables
(Table 32). This-was probably due to the initially high mineral
N level in the soil. The addition of P to the preplant band
significantly increased the dry matter yield and number of tillers/
m? in row areas over preplant bands, but had no significant effect
on these variables in row areas midway between preplant bands.

This produced a marked "waﬁy effect" in the main plots with pre-

plant-banded N and P fertilizer. The addition of P to the preplant
band produced a larger increase in tissue P concentration in plants
growing over preplgnt bands than in plants growing between preplant
bands. This also was observed in the previously discussed studies.

The dry matter yields per hectare calculated from the results

of the detailed plant sampling are presented in Table 33; the
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Table 31. Main effects of seed band rate of N and P on dry
matter yield, tillering and tissue composition of
winter wheat in sampled row areas (Marion Co., 3
April 1982).

Seed band Dry matter

N P vield Tillering Tissue N Tissue P
-~-kg/ha=-= —-—g/mz—-- -tillers/mz— ———ffm—— == L=
0 0 127 ¥ 1755 b 3.88 b 0.24 d
15 0 125 ¢ 1744 b 4.03 a 0.26 ¢
15 4.5 137 be 1787 b 3.94 b 0.26 c
15 9 149 b 1888 ab 4.10 a 0.30 b
15 18 170 a : 2031 a 4.08 a 0.32 a

¥ Means followed by the same letter within a column are not
significantly different according to pairwise comparisons
using Fisher's L.S.D. at the 0.05 level of probability.
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Table 32. Effects of preplant band rate of N and P and row area
location on dry matter yield, tillering and tissue P
concentration of winter wheat, averaged over seed
band rates (Marion Co., 3 April 1982).

Preplant rate Row area¥®
N P A B c
kg/ha ---Dry matter yield (g/mz)—--
70 0 119 115 112
70 9 211 184 137
70 18 161 123 111
2
--------- Tillers/m ——————===-—
70 0 1675 1670 " 1700
70 9 2292 2092 1715
70 18 2148 1674 1604
~~~~~~~~~ Tissue P (%)——=—=——==w———-
70 0 0.24 0.24 0.23
70 9 0.27 0.25 0.24
70 18 0.38 0.34 0.29
L.5.D. 0.05 Dry matter 2
vield Tillers/m Tissue P
between row areas within a
preplant rate 18 190 0.01
between preplant rates 27 222 0.03
%

A = 11.5 cm of row centered over ‘a preplant band.

11.5 em of row centered between A and C.

w
L}

(»]
]

11.5 cm of row centered between preplant bands.
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Table 33. Effects of preplant band and seed band rates of N
and P on dry matter yield of winter wheat (Marion
Co., 3 April 1982).

Preplant band Seed band
N - P N P Dry matter
kg/ha ---kg/ha--- --kg/ha-—-
70 0 0 0 903
15 0 897
15 4.5 1010
15 9 1357
15 18 1643
70 9 0 0 1647
15 0 1698
15 4.5 1803
15 9 1884
15 18 2009
70 18 0 0 1264
15 0 1208
15 4.5 1364
15 9 1309
15 18 1394
Mean values:
Preplant band
70 0 1162 b
70 9 1808 a
70 18 1308 b
Seed band
0 0 1271 ¢
15 0 1268 ¢
15 4.5 1392 be
15 9 1516 ab
15 18 1682 a

+ Means followed by the same letter are not significantly
different according to pairwise comparisons using Fisher's
L.S.D. at the 0.05 level of probability.
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analysis -of variance can be found in Appendix Table A-16. There
were significant effects of preplant rate and seed band rate, but
there was no significant interaction between the two factors. In-
creasing the rate of P in the preplant band from 0 to 9 kg P/ha
produced a significant increase in dry matter yield, but increasing
the rate from 0 to 18 kg P/ha produced an increase which was not
statistically significant. The use of N alone in the seed-banded
fertilizer did not have any significant effect on dry matter yield,
but the use of 9 or 18 kg P/ha with N significantly increased the

dry matter yields per hectare.

Spike sampling

The spike sampling conducted just before harvest was complicat-
ed by the fact that in many of the subplots lodging occurred. For
that reéson, only two of the four replications were sampled. The
results obtained are presented in Tables 34 and 35; the correspond-
ing analyses of variance can be found in Appendix Tables A-17 and
A-18.

The main effects of the seed-bandéd fertilizer on grain yields
and grain yield components are presented in Table 36. These effects
were not significant at the 0.05 level, but are presented because
they show trends that provide reasonable explanations for the re-
sults observed. The effect of seed band rate on the number of
spikes/m2 and mean kernel weight was significant at the 0.10 level

of probability.
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Table 36. Main effect of seed band rate of N and P on grain
yield and grain yield components of winter wheat
in sampled row areas (Marion Co., 1982).

Seed band
N P
2 Kernels/ Kernel wt. 2
--kg/ha-— -Spikes/m"- spike (mg) Grain yield (g/m™)
0 0 706 25,9 19.6 357
15 0 746 26.5 18.2 359
15 4,5 830 26,2 18.7 403
15 9 777 25.7 17.7 354

35 18 749 26.6 17.4 342
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The number of spikes/m2 tended to increase when N alone
or 4.5 kg P/ha with N were applied with the seed, compared to
the control. The addition of higher rates of P (9 or 18 kg P/ha)
tended to decrease the number of spikes/m2 when compared to the
rate of 4.5 kg P/ha. This was due to lodging of the wheat at the
highest P rates. As shown in the results of the earlier plant
sampling, the two highest rates of seed-banded P fertilizer pro-
duced significant increases in wheat growth, which resulted in
taller plants, more susceptible to lodging (Lodging in this study
was caused by very strong winds at the end of May). The plants
that lodged remained so until harvest, and therefore could not
realize their potential for spike production. The two highest
rates of seed-banded P fertilizer not only tended to produce less
spikes/mz, but also tended to produce lower mean kernel weights
than the treatment with 4.5 kg P/ha (Table 36). These effects
combined seemed to have caused the reduction in grain yield at the
two highest rates of P.

There was a significant preplant rate by row area interaction
for the number of spikes/m2 and grain yield. The addition of P to
the preplant band tended to increase the number of spikes/m2 and
grain yield in row areas over preplant band, whereas it tended to
decrease these variables in row areas midway between preplant bands
(Table 37). These results are similar to those obtained in the
study conducted in Dickinson Co. during 1981-82. Significant
differences between row areas in number of spikes/m2 and grain
yield existed in the preplant rates with P, but not in the preplant

rate without P.



Tabl

e 37. Effects of preplant band rate of N and P and
row area location on grain yield and spike
density of winter wheat, averaged over seed

band rates

(Marion Co., 1982).

Preplant band Row area*
N P A B C
kg/ha ~=—=Grain yield (g/mz} ------
70 0 386 320 337
70 9 491 326 296
70 18 423 368 318
--------- Spikes/mz—---~-————
70 0 772 682 696
70 9 1076 690 646
70 18 884 716 690
LaB:D 0.0 Grain vield Spikes/m2
between row areas within
a preplant rate .65 131
between preplant rates N.S. N.S.

%
A=11.5 cm of row centered over a preplant band.

B =11.5 cm of row centered between A and C.

C=11.5 cm of row centered between preplant bands.

87
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Table 38. Effects of preplant band and seed band rates of N and
P on grain yield and grain composition of winter wheat

(Marion Co., 1982).

Preplant band Seed band
N P N P Grain Yield Grain Protein Grain P
~—==kg/ha=—=— ~-kg/ha-- =---kg/ha--- A —————
70 0 0 0 3796 13.1 0.26
15 0 3631 13.1 0.27
15 4.5 3916 13.2 0.24
15 9 3694 13.2 0.28
15 18 3263 13.2 0.28
70 9 0 0 4017 13.3 0.25
15 0 4100 13.0 0.25
15 4.5 3726 13.1 0.27
15 9 3282 12.9 0.29
15 18 3105 13.1 0.29
70 18 0 0 3276 13.5 0.30
15 0 3529 13.3 0.29
15 4.5 3346 13.1 0.30
15 9 2870 13.2 0.29
15 18 2725 13.2 0.30
Mean Values:
_ Preplant band
70 0 3660 13.2 0.27
70 9 3646 13.1 0.27
70 18 3149 13.3 0.30
Seed band
0 0 3696 at 153 0.27
15 0 3753 a 13.1 0.27
15 4.5 3663 ab 13.1 0.27
15 9 3282 be 13.1 0.29
15 18 3031 ¢ 13.2 0.29

* Means followed by the same letter within a column are not
significantly different according to pairwise comparisons

using Fisher's L.S. D. at the 0.05 level of probability.
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The data for tiller survival are not presented because
their high.variability did not allow the determination of any

significant pattern.

Grain harvest

The results obtained at harvest and the corresponding
analyses of variance are presented in Table 38 and Appendix
Table A-16, respectively. Grain yields were significantly affected
by seed band rate but not by preplant rate. The application of N
alone or N and 4.5 kg P/ha with the seed did not have any signifi-
cant effect on grain yield compared to the control, but the applica-
tion of N and 9 or 18 kg P/ha significantly decreased grain yields.
According to the results of the spike sampling, these grain yield
decreases were mainly due to decreases in the number of spikes/m
and mean kernel weight. Grain composition was not significantly
affected by any of the factors.

The results of this study show that the increases in tiller-
ing and early dry matter production obtained with the use of seed-
banded fertilizer can result in reduced grain yields if the in-
creased wheat growth and unfavorable climatic conditions result

in lodging of the plants.

Greenhouse Study

The results obtained in the greenhouse study are summarized
in Tables 39 through 41; the analyses of variance of these re-

sults can be found in Appendix Tables A-19 through A-27.
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At 10 days after planting, neither the location of the
plant with respect to the preplant band, nor the seed band
rate had produced significant effects on the dry matter weight
of shoots (Table 39). However, both factors had significantly
affected the total P content in shoots and the amount of P ab-
sorbed from the preplant band. Plants growing over a preplant
band had a higher total P content than plants growing to the
side of a preplant band (Table 40). Similarly, plants with seed-
banded fertilizer had a higher total P content thaq plants without
seed~banded fertilizer. Plants located over a preplant band had
absorbed significantly more P from tﬁe preplant band when growing
without seed—ban&ed fertilizer than when growing with seed-banded
fertilizer. Scanning of the plants with a properly shielded
Geiger counter at emergence determined that, at that time, plants
growing over preplant bands already contained P from the preplant
band. Therefore, these plants started absorbing P from the pre-
plant band between germination and emergence. Plants growing
to the side of a preplant band had not absorbed P from the pre-
plant band by the first sampling date.

At 20 days after planting, plants without seed-banded
fertilizer had higher shoot dry matter when growing over a pre-
plant band than when growing to the side of a preplant band
(Table 39). This is probably the reason why the addition of
seed-banded fertilizer produced larger dry matter increases in
plants to the side of a preplant band than in plants over a pre-

plant band. There were no-significant differences in total P
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Table 41. Effect of row location on total P, and amount and
proportion of P absorbed from the seed band in winter
wheat shoots, at four sampling dates (Greenhouse study)

Time after Row location¥*
planting Over Side L.S.D. 0.05
—-days—- —-Total P/plant (ug)—-
10 84 74 7
20 350 260 43
30 709 398 213
40 1280 567 192
-Seed band P/plant(ug)-
10 28 27 N.S.
20 155 159 N.S.
30 263 243 N.S.
40 257 308 N.5.
---Seed band P (Z)if-
10 33.7 36.9 N.S.
20 44.5 61.0 6.6
30 37.5 62.3 14,2
40 22.1 54.6 9.9

*

Over = row located 10 em directly over the preplant band.

Side = row located 10 cm over and 17 cm to the side of the

preplant band.

*k
Proportion of total P derived from the seed band,
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content_ between plants located over preplant bands with and
without seed-banded fertilizer (Table 40). However, as in the
first sampling, there were differences between these plants in
the amount of P absorbed from the preplant band. Plants over a
preplant band absorbed about two and a half times more P from

the preplant band when growing without seed-banded fertilizer
than when growing with seed-banded fertilizer. The amount of P
absorbed from the preplant band constituted 23.9 and 68.5% of the
total P content in plants growing over a preplant band, with and
without seed-banded fertilizer, respectively.

These results differ significantly from those obtained by
Maxwell (1980). 1In his study, Maxwell found that plants growing
over a preplant band (without seed-banded fertilizer) did not
contain any P from the preplant band at 11 days after planting;
at 22 days after planting, only 3% of the total P content came
from the preplant band, compared to 68.5% (at 20 days) in the
present study. The delay in P uptake from the preplant band in
Maxwell's study could have been due to the fact that he used
ammonium hydroxide as the N source for the preplant band. Re-
search by Brage et al. (1960) has shown that considerable amounts

of NH, can evolve from the soil atmosphere when ammonium hydroxide

3
is mixed with the soil. The NH, evolved from a fertilizer band

3
can prevent root extension into the band, and consequently,
nutrient absorption from the band. 1In the same study by Brage
et al., ammonium nitrate (the N source used in the present study)

was found to release very small amounts of NH3 when mixed with the

soil.
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At 20 days after planting, plants growing to the side of a
preplant band had a higher total P content when growing with
seed~banded fertilizer than when growing without seed-banded
fertilizer (Table 40). By this sampling date, plants growing
to the side of a preplant band had already started absorbing P
from the preplant band. In this case, however, there were no
significant differences in the amount of P absorbed from the
preplant band between plants with and without seed-banded
fertilizer.

The general effects observed at 30 and 40 days after planting
were very similar to those discussed for the sampling conducted
20 days after planting. However, at 40 days after planting, there
were no significant differences in the amount of P absorbed from
the preplant band between plants placed over a preplant, with
and without seed-banded fertilizer, respectively. Therefore, the
delay in the uptake of P from the preplant band caused by the seed
banded fertilizer did not last more than 40 days (Figure 5). The
application of seed-banded fertilizer did not affect significantly
the absorption of P from the preplant band, in plants growing to
the side of a preplant band, at any of the sampliné dates.

Since roots were not collected in this study, it is not
possible to determine whether the delay in P uptake from the pre-
plant band in plants growing over a preplant band was due to less
root development toward the preplant band or to the lack of a large
enough sink in the plant. However, assuming that this delay exists
in the field, and that it is due to less root development toward

the preplant band, the effect would probably not be very important
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since it seems to be of short duration. The lack of delay in
the uptake of P from the preplant band in plants growing to
the side of a preplant band seems to indicate that the seed-
banded fertilizer did not affect the lateral growth of roots
toward the prepland band.

There were no significant differences in the amount of P
absorbed from the seed band between plants growing over and
plants growing to the side of a preplant band, at any of the
samplings (Table 41). Therefore, plant location with respect
to the preplant band does not seem to affect the absorption of

P from the seed-banded fertilizer (Figure 6).
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SUMMARY AND CONCLUSIONS

The results of the field studies show that when only N was
applied in the preplant band, the 'wavy effect" did not exist or was
not as marked as when P was also added in the preplant band. The
addition of P to the preplant band significantly increased tiller-
ing and early dry matter production in row areas over preplant
bands, but either reduced or did not affect wheat growth in row
areas midway between preplant bands. None of the studies showed a
significant response to preplant-banded P for yields of dry matter
and grain per hectare.

The application of N fertilizer with the seed did not affect
wheat growth in any of the row areas. The application of N and P
with the seed increased tillering and early dry matter production
in all row areas, with larger increases usually obtained in row
areas between preplant bands. These increases resulted in an over-
all increase in dry matter productioﬁ.

The seed-banded N-P fertilizer enhanced wheat growth but failed
to produce significant increases in grain yield in the 1981 study
(Dickinson Co.), where the crop was exposed to water stress early
in the spring, and in one of the 1982 studies (Marion Co.) where
the enhanced growth caused lodging. In the latter case, the applica-
tion of 15 kg N/ha with 9 or 18 kg P/ha significantly decreased grain
yields. 1In the other 1982 study (Dickinson Co.), where soil moisture
was not limiting and lodging did not occur, the application of seed

banded fertilizer significantly increased grain yields by increasing
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spike density in row areas between preplant bands. Since this
study showed no grain yield response to preplant-banded P, it was
not possible to determine if the favorable effects of seed-banded
fertilizer could be additive to the effects of preplant-banded P.
More research would be needed to elucidate these aspects.

The results of the greenhouse study showed that the application
of N and P fertilizer with the seed reduced the early absorption of
P from the preplant band in plants growing over a preplant band,
but did not affect it significaﬁtly in plants growing to the side
of a preplant band. Tﬁe effect observed in plants growing over
preplant bands did not extend over 40 days. There were no signifi-
cant differences in the amount of P absorbed from the seed band
between plants growing over and plants growing to the side of a

preplant band.
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Fig. A-3. Long-term average (1951-80) of weekly cumulative
precipitation, and weekly cumulative precipitation

for 1980-81 and 1981-82 at Herington, Kansas.
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Table A-1. Ten-day averages of air and soil temperatures
and air relative humidity in the greenhouse study.

Temperature
S0il(8 cm depth) Air Air relative humidity
Days 8 a.m. 2 p.m. 8 a.m. 2 p.m. 8 a.m. 2 p.m.
o %

0-10 10.7 20.7 13.6 23.3 60.6 40.5
11-20 11.3 20.5 14.2 23.0 58.3 50.2
21-30 9.0 13.1 10.5 21.9 61.9 47.5
31-40 7.0 13.3 9.3 15.8 66.5 57.0

X 9.5 16.9 11.9 21.0 61.8 48.8
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Table A-8. Analysis of variance for percent tiller

survival (Dickinson Co., 1981).
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Tiller survival (%)

Source DF 5SS F

Seed band rate (SB) 4 1,104.80 4.80%
Replication 3 2,095.69 12, 14%%*
Main plot error 12 690.19
Row Area (RA) 2 970.07 13.05%%
SB x RA 8 323.97 1.09
Subplot error 30 1,115.13

Total 59 6,299.85
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ABSTRACT

The application of N and P fertilizer in widely spaced pre-
plant bands (>25 cm) produces uneven growth of winter wheat (''wavy
effect") in soils with low levels of available P. Plants growing
directly over preplant bands show more vegetative growth and produce
higher grain yields than plants growing between preplant bands. One
field study was conducted in 1981 and two in 1982, to determine if
the addition of fertilizer banded with the seed could increase the
growth and final grain yield of plants growing between preplant
bands, which in turn could result in an overall increase in grain
yield. These studies evaluated the effects of combinations of seed-
banded and preplant-banded N and P fertilizer on tillering, early
dry matter production, grain yield and grain yield components of
winter wheat, in sect;ons of row located at difference distances
from the preplant band. The wheat rows were drilled perpendiéularly
to the preplant bands.

When only N was applied in the preplant band, the "wavy effect"
did not exist or was not as marked as when P was also added in the
preplant band. The addition of P to the preplant band significantly
increased tillering and early dry matter production in row sections
over preplant bands, but either reduced or did not affect wheat
growth in row sections between preplant bands. None of the studies
showed a significant response to preplant-banded P for yields of dry
matter and grain per hectare.

The application of N fertilizer with the seed did not affect
wheat growth in any of the row sections. The application of N and

P with the seed increased tillering and early dry matter production



in all row sections, with larger increases usually obtained in row
sections between preplant bands. These increases resulted in an
overall increase in early dry matter productiom.

The seed-banded N-P fertilizer enhanced wheat growth but
failed to produce significant increases in grain yield in the 1981
study, where the crop was exposed to water stress early in the
spring, and in one of the 1982 studies, where the enhanced growth
caused lodging. In the latter case, the application of 15 kg N/ha
with 9 or 18 kg P/ha significantly decreased grain yields. In the
other 1982 study, where soil moisture was not limiting and lodging
did not occur, the application of seed-banded fertilizer significantly
increased grain yields by increasing spike density in row sections
between preplant bands. Since this study showed no grain yield
response to preplant-banded P, it was not possible to determine if
the favorable effects of seed-banded fertilizer could be additive

.to the effects of preplant-banded P.

A study conducted in the greenhouse showed that the applica-
tion of N and P fertilizer with the seed reduced the early absorp-
tion of P from the preplant band in plants growing over preplant
bands without affecting it in plants growing to the side of a
preplant band. This effect had disappeared by a sampling conducted
40 days after planting. There were no significant differences in
the amount of P absorbed from the seed-~banded fertilizer between
plants growing over and plants growing to the side of a preplant

band.





