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CHAPTER I
INTRODUCTION

Legumes contribute an important link in the earth's nitrogen cycle.
By symbiotic association with specific Rhizobium, they convert nitrogen
from the air into an organic form that becomes available to other plants,
Thus they tap an abundant and otherwise unavailable source of nitrogen so
vital for plant and animal growth., Legumes provide important sources of
protein for the ever-increasing human and livestock populations. They
can also be very useful in forage and soil management practices for effi-
cient agricultural production. Field peas have been utilized extensively
in the past. However, since World War II their use has declined. This
is primarily the result of dramatic increases in farm expenses, especially
for land, as well as the availability of relatively inexpensive nitrogen
fertilizers in the more developed regions of the world. With the recent
concern for energy supplies, as relates to the high manufacturing costs
of nitrogen fertilizers plus the constant evaluation for improved agri-
cultural practices tﬁroughout the world, there has been a renewed interest
in using legumes to their fullest extent in modern agriculture. Although
there has been extensive research with peas, especially in genetics
(Smith, 1971), physiology (Bond, 1948; Pate et al., 1965; Cghoghorie and
Pate, 1972; Pate and Flinn, 1973), and biochemistry (Raacke, 1957; Flinn
and Pate, 1968; Smith, 1973), there has been little information available

on the effects of plant nutrients on the nodule composition and nitrogenase



activity levels of field peas. The objective of this study was to deter-
nine the effects of plant nutrients P, K, and Ca in factorial combinations
on the growth, nodulation, nitrogenase activity (CpHp reduction), and

nodule composition of Austrian Winter Pea with three greenhouse experiments.



CHAPTER II
LITERATURE REVIEW
A, Origin and Distribution

Cultivated and native peas are believed to have originated within
the Mediterranean region that includes southern Europe and northern Africa
(Piper, 1924; Bland, 1971). Worldwide, the leading countries in dry pea
production include the Soviet Union, China, India, and the United States.
In North America, field peas are grown in southern Canada, the Pacific
Northwest, and in the southeastern United States. wWithin the United
states, the leading dry pea producing states are Idaho, Oregon, Washington,

Minnesota, and North Dakota (Martin et al., 1976).
B. Botany

The taxonomy of the field pea is presented in Table I. ield peas

are generally referred to as Pisum sativum subspecies arvense (L.) Poir,

and have red or purple colored flowers as opposed to garden peas, P.
sativum subspecies hortense, which have white flowers. Pea species can
also be divided according to three general colors of the seed. Winter
peas have gray, brown, or mottled seed coats, Canadian types refer to
those with yellow or white seed coats and yellow or orange cotyledons,
while other types of peas have green seed coats and cotyledons.
According to Piper (1924), Bland (1976), and Martin et al. (1976)

tield peas are shallow-rooted, cool season annuals, They are generally



weak-stemmed herbs with hollow, succulent stems ranging from 0.5 to 3 m

in length. They have 1-3 pailrs of leatlets bearing pinnate leaves., Sev-
eral pairs of tendrils and rachis allow them to vine in a fashion simi-
lar to the vetches (Vicia spp). Axillary peduncles support 1-3 red or
purple flowers which later develop into greenish-colored pods, each having
from 4 to 9 round, angular, or wrinkled seeds. They are self-fertile,

have hypogeal germination, and the cotyledons are generally green or

TABLs 1

Field peas are diploid and have 14 chromosomes per cell.

THE TAXONOMY OF THE AUSTRIAN WINTZR PEAl

Kingdom: Plantae
Division: Tracheophyta
Subdivision: Spermopsida
Class: Angliospermae
Subclass: Dicotyledoneae
Family: Leguminosae
Subfamily: Papilionoidae
Tribe: Vicieae

Genus: Pisum

Speciles: sativum
Subspecies: arvense
Cultivar: Austrian Winter

1. Adapted from Bland (1971) and Keeton (1972).

Ce Uses

Austrian winter peas have a variety of important and practical uses.

Fresh and dry pea production can supply an inexpensive source of high-



quality protein (24%) for human and livestock dietary needs., Dry peas
have been exported to several EZuropean and Asian countries. Murray and
Slinkard (1973) have estimated that 80% of the Austrian winter peas raised
in the United States are sold to Japan yearly and that their most impor-
tant use is in making An Paste, a high-protein, sweet filling used in or
on cookies, crackers, and pastries by the Japanese., Dry peas can also
substitute for canned peas by soaking them in water. Peas do not cause
intestinal problems sometimes associated with beans (Piper, 1924),
Anothef important use is for the split-pea market. The exact procedure
for the processing of split peas commercially is a trade secret but
basically the seed coat is removed, the cotyledon divided, and most of
the embryos are taken out. The seed éoats and embryos are then used in
the manufacture of livestock feed (Martin et al., 1976).

Winter peas can be used as a green manure crop to add nitrogen and
organic matter to the soil. In rotations with cereal crops, winter peas
can be used to help control weed and disease problems. They need less
fertilizer than cereals, can be used as a cover crop to help prevent soil
erosion, and may provide economic marketing advantages as a result of di-
versification., They may be grown alone or in association with other crops
(such as oats or other small grains) for hay, pasture, or silage. The
peas increase the protein content and feeding value of the mixture plus
they have good potential for regrowth after grazing compared to other di-
cotyledons which have epigeal rather than hypogeal germination. The small
grains provide support for the pea vines to reduce lodging and make har-
vesting easier as well as to help balance the nutrients in the livestock
ration (Piper, 1924; Robinson, 1960; Carter and Larson, 1964; Klebesadel,

1969; Murray and 3linkard, 1973; Martin et al., 1976). Field peas may



also be used to provide feed or otherwise attract ducks (Anas platyrhynchos)

to improve waterfowl hunting or to be used in other wildlife management

programs (Shearer et al., 1971).

De Cultivation

Field peas can withstand moderate to heavy frosts, except during
anthesis, but they exhibit sensitivity to high temperatures especially
when combined with high humidity. They are somewhat resistant to drought
and are grown in semi-arid to humid regions. However, best results are
obtained in cooler areas with moderate rainfall. Peas can grow in a wide
range of soil types with the optimum proposed as a well-drained, calcare-
ous loam (Piper, 1924),

In general, winter peas are planted in the fall and harvested the
following spring as a winter annual. There are also spring pea varieties
which are planted in the spring and harvested later as a summer annual,
This distinection is similar to that between spring and winter varieties

of wheat (Triticum aestivum), however, the flowering of most Austrian

winter pea varieties is not dependent upon exposure to cold temperatures
(Piper, 1924; Martin et al., 1976; Leffel, 1978). Murray and Auld (1930)
have studied spring planting, as opposed to the normal fall planting, of
Austrian winter peas and compared this to the planting of spring pea
varieties in Idaho. They observed that fall planted winter peas flowered
and matured sooner than spring planted winter peas. Iore impcrtantly
they found that spring planted winter peas took longer to mature and
generally yielded less than spring pea varieties. #farly planting con-
sistantly gave greater seed yields than late planting, when sowing was

done in the spring. The advantages of planting winter peas in the spring



were reduced seeding expenses because of lower seeding rates, increased
disease resistance, and higher market prices for winter peas compared to
spring peas.

Breeding work has been done by plant sclientists at the University of
Idaho working with Michigan State, Haéhington State, and Oregon State
universities. Since 1965, much of their work has been spomsored by the
Idaho Pea and Lentil Commission to improve the yield, winterhardiness,
and pest resistance of the standard common variety of Austrian winter pea
(Murray and Slinkard, 1973). Some distinction has also been noted between
marrowfat and blue pea types (Bland, 1971). Marrowfat peas typically
have large seeds, high quality, and high market prices but they give low
yields and are prone to lodge. The blues types, however, have less pro-
blems with lodging and have high ylelds but this is offset by lower market
prices. In England, most (80%) of the peas planted for dry pea production
are marrowiat peas., Table II lists some of the known varieties of field
peas.,

Austrian winter peas should be sown from September to October, or
the same time as small grains, using seed with at least 90% germination.
The seeding rate and row spacing are shown in Table III and depend on such
things as planting date, the condition of the seedbed, available moisture,
the size and quality of the seed, as well as the variety used. The seeds

should be inoculated with Rhizobium leguminosarum (Frank) and planted

about 5 cm (2 in) deep. Piper (1924) noted that pea seeds have germinated
trom as deep as 20 em (8 in). Within the row, spacings of about 14-17
seeds per m (5-6 seeds per ft) should give an established stand of 8 to

14 seedlings per m (3-5 seedlings per ft). Speed and uniformity of ger-

mination can be increased by not planting in heavy straw residue and by



TABLE II

SCME KNOWN VARIEZTIES OF FIELD PEAS AND THE ARZA
SOME OF THEM WZRZ DavaLopzDl

Winter Peas Released from

Small seeded
Common
Fenn Idano
Melrose Idaho
large seeded
ID 2 Idaho
ID 89-1 Idaho
Romack Georgia
Cthers
Popago Arizona
Dixie Wonder

Spring Peas

Alaska
Garfield
Tracer

latah

#irst And Best

Cther Field Peas

Arthur

Canadian 3Beauty
Golden Vine

Zarly Britain
Marrowfat

Blackeye Marrowfat
Prussian Blue
Nisconsin 3Blue

Concordia Sweden
Kaiser Germany
Amraoti India
Bangalia India
Chancellor

Stral

1. Adapted from Piper (1924), Carter and Larson
(1964), Murray et al. (1978), Auld et al.
(1979), and Murray and Auld (1980).



rolling the soil before and after planting to get better contact between
the soil and the seed. Heavy straw residues may interfere with seed
placement, may increase some diseases of peas, or may release inhibitory
toxins upon decomposition. Care should be exercised when rolling a clay
soil to avoid overworking it or any other soil type where erosion is or
may be a problem. Peas respond to applications of phosphorus (P),
potassium (X), and small amounts of sulfur when grown on soils deficient
in these nutrients according to Murray et al. (1978). Phosphorus can be
banded at planting time, potassium may need to be added to some sandy

soils, and caution should be used to avoid application of too much sulfur,

TABLE III

ECOMMENDED SZEDING RATES AND ROW SPACINGS FOR FIELD Pzasl

Seeding Hate< Row Spacing
Xind of Seed Kg/ha (lbs/acre) cm (in)
Breeder, Foundation,
and Registered 45-70 (40-60) 30-35 (12-14)
Certified and Common 70-100 (60-90) 15-18 (6-7)

Small-seeded Varietiesd

9860 seeds/Kg (4400 seeds/1b) 100 (90)
Large-seeded Varieties3

7920 seeds/Kg (3600 seeds/1b) 135 (120)

Fall Planted Winter Varieties3  85-100 (75-90)
Spring Planted Winter Varietiesd 135 (120)

Spring Varieties3 140-200 (125-175)
Peas/oats Mixture 70/45 (60/40)

1. Adapted from Carter and Larson (1964), Murray and Slinkard (1973),
and Murray et al. (1978).

2. Higher rates for rough seedbeds, heavy straw residue, and/or late
planting dates. Lower rates for low moisture conditions and/or
early planting dates.

3. Refer to Table II.



10

The most common weed problems in peas are caused by annual weeds

such as wild oats (Avena fatua), lambsquarters (Chenopodium album), and

several of the mustards (sisybrium spp). Various insects feed on field

peas including the pea weevil (Bruchus pisorum), pea aphid (Illinois

pisi), pea moth (Laspeyresia nigricana), alfalfa looper (Colias eurytheme),

celery looper (Noctuidae family), wireworms (Elateridae family), and
root-knot nematodes. Disease problems are mainly the result of a root

rot complex (Fusarium solani f. pisi and Pythium ultimum). However, bac-

terial blight (Pseudomonas pisi), Fusarium wilt (F. oxysporum f. pisi),

Ascochyta blight (Ascochyta pisi, A. pinodella, and Mycosphaerella pinodes),

powdery mildew (Erysipha polygoni), downy mildew (Peronspora pisi), white

mold (Sclerotinia), anthracnose (Collectotrichum pisi), and Septoria pisi

as well as a few viruses are known to have an effect on the growth of
tield peas (Martin et al., 1976). Ali-Khan and simmer (1972) recommend a
three to five year rotation as a good control measure for pest problems.
Cther control methods may include crop residue management, cultivation,
changing the time of planting or harvesting, biological control, the use
of resistant varieties, treated seed, or pesticides.

Dry peas may be harvested with a combine. Peas may also be swathed,
cured, and baled for later use as livestock feed. They may be grazed di-
rectly in the field (usually in combination with small grains) or they
can be chopped and used to make silage. Yields are highly variable and
depend not only on the management skill of the producer but also on the
numerous environmental factors that influence the crop. According to
Martin et al. (1976) approximately 9 million hectares (ha) are planted
annually for dry pea production throughout the world, with an average

yield of 1.1 metric tons/nectare (mt/na). In the United states during
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the early 1970's about 80,000 ha were planted for dry pea production
annually which yielded 1.8 mt/ha. Based on work done by Carter and Larson
(1964) in North Dakota, dry forage estimates may range from 1.7 to 4.5
mt/ha (0.75 to 2 T/acre), with and without irrigation, respectively for
Austrian winter peas. When planted with oats the yields ranged from 2.3
to 10.5 mt/ha (1.0 to 4.6 T/acre). Dry pea yields from Murray and Auld

(1980) in Idaho ranged from 1.8 to 7.6 mt/ha (1,600 to 6,700 lbs/acrs).



CHaPTZR III
MATZERIALS AND METHODS

These series were conducted in the greenhouse at Oklahoma State
University, Stillwater, OK. The scil used was a Eufaula loamy sand
(siliceous, thermic, Psammentic Paleustalf) with analysis presented in
Table IV, 1In Series I three Kg of air dry soil were weighed and thoroughly
mixed with the proper fertility treatment prior to being divided equalily
into 1 Xg among each of 3 replicate pots. Ffertility treatments were
applied to the first series with the second and third series raised in
the same soil. The source and nutrient levels are given in Table V with

treatment combinations shown in Table VI,

TABLz IV

EPIPEDCN (15 CM) ANALYSIS OF A TYPICAL EUFAULA LOAMY SANDL

pH 6.1
Organic Matter (%) 1.2
Total N (%) 0.03
Available P (ppm) 30.5
CEC (meq/100 g soil) 2.88
Sxchangeable cations (meq/100 g soil)
Ca 1.40
g 0.60
£ 0.1%
Na 0.06

Prior use: Cropped to small grains for 14 years.
1. Adapted from Gray and Roozitalab (1376).

12
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TABLE V

SOURCE AND NUTRIENT LEVELS FOR AUSTRIAN WINTZR PEA,
SERIES I, II, AND III

Nutrient Source Level
Ca Caco 6 meq/100 g soil
P Ca(HpPOy)2 200 ppm
K4 KCcl 200 ppm
K2 K1 400 ppm
K3 Kcl 600 ppm
'TABLE VI

TREATMENT COMBINATIONS FOR AUSTRIAN WINTER PEA,
SERIES I, II, AND III

Treatment Symbol Treatment Symbol
1 0 S Ca
2 K1 1 CaKy
3 Ko 11 CaKp
4 K3 12 CaK3
5 P 13 CaP
6 PKy 14 CaPKy
7 PX3 15 caPXp
g8 P K_j 16 C&PK3

The seeds were inoculated by soaking in a solution of distilled wa-

ter and Rhizobium leguminosarum (Frank) (at least 109 viable cells per

ml) for one hour prior to planting. Age, as well as the planting and har-

vest dates of each series are presented in Table VII. Ten seeds per pot
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were planted approximately 5 cm (2 in) deep, watered thoroughly, and
thinned to 5 plants per pot after establishment. The plants were grown
in a short-day photoperiod and were tied to support stakes and sprayed

for insect control throughout the experiment.

TABLE VII

AGE, PLANTING AND HARVSST DATES FOR AUSTRIAN #INTER PEA

Series Age (days) Planting Date Harvest Date
I 61 17 Oct 1980 17 Dec 1980
I1 84 18 Dec 1980 11 Mar 1981
III 61 18 Mar 1981 18 May 1981

These experiments were harvested as follows: Series I between 8:00
and 10:00 a.m., in Series II half of the pots (24) were also harvested
between 1:;00 and 3:00 p.m. and Series III was harvested from 8:00 a.m.
to 12:30 pems This refers to the time period from the harvest of the
first pot to the beginning of the first nitrogenase incubation. The
plants were harvested, after measuring their maximum length (except for
Series I), by clipping at the soil level to remove the top growth. The
remaining contepts of the pot were then emptied and shaken gently to re-
move the root-ncdule system which was briefly rinsed and then blotted to
remove excess water. The root-nodule system was then placed in a 70 ml

clear glass serum bottle and fitted with a rubber stopper for nitrogenase
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(nitric-oxide reductase EC 1.7.99.2) activity determinations as described
by Hardy et al. (1968).

Purified, laboratory grade acetylene gas (5 cc) from Union Carbide,
Linde Division was injected to 0.l atmosphere pressure at 27° C in each
sample bottle with a 5 cc plastic syringe fitted with a needle. These
samples were then incubated for 60 min except Series II which had incu-
bations of 60 and 90 min. Reduction samples of 5 cc were collected after
each incubation period with a syringe and after thorough mixing, was
transferred to a smaller (15 ml) brown glass serum bottle which had been
fitted with a rubber stopper. Acetylene reduction to ethylene was deter-
mined for each incubation period on a Perkin Elmer 3920 Gas Chromatograph
with a 1.83 m x 3.2 m Poropak N 80/100 column (Waters Assoc.). The ethy-
lene standard used for calibrating and monitoring gas chromatograph analy-
ses was a Scott Eve Teche. 1090 ppm + 5% Czﬂ4/N2 (Supelco, Inc.). After
collecting the reduction samples from the final incubation period, the
stoppers were removed from the 70 ml sample bottles to allow the gases
to escape (approximately 5-15 min). The stoppers were then replaced and
these root-nodule samples were stored at 0-5° C until the nodules could
be removed later that day and/or the following day.

The nodules were removed from the root system and counted after ob-
taining the root and nodule fresh weight on a Mettler balance (Scientific
Products, Division of American Hospital Supply Corp.). The fresh nodules
were then weighed to 0.1 mg on a Mettler H18 balance (Mettler Instrument
Corp.). The whole excised nodules were stored at 0-5° C in a test tube
fitted with a rubber stopper which had a CH013 cotton pad to retard the
growth and development of other microorganisms. The tops and roots were

bagged separately and identified according to treatment and replication,
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then were dried at 40° C for 24 hrs and weighed.

The nodules were later removed from storage and weighed into two 1
g samples, each of which was placed in separate digestion tubes for nitric-
perchloric digestion., The first 1 g sample was digested simply as whole
nodules, but the second sample was divided into its cell-free extract
(eytosol) and organelle extract components. The nodules in the second
1 g sample were crushed in separate test tubes with a glass rod and 10 ml
of distilled water were added for each gram of nodule weight. This homo-
genate was then ultrasonified at 7.3 K pulse frequency for 30 sec in an
ice bath with a PT 105T Williams Polytron (Brinkman Instruments, Inc.).
Next these preparations were separated into cytosol and organelles by
refrigerated centrifugation for 10 min at 4x103 g. The cytosol and or-
ganelles were then each transferred to separate digestion tubes for nitric-
perchloric digestion.

The digestion was done by adding 5 ml of concentrated (70%) nitric
acid and 2 ml of perchloric acid (72%), mixing thoroughly, and then al-
lowing the sample to sit overnight. The following morning the digestion
samples were placed in a 40-sample capacity digestion block and heated
to 126° C for 1 hr, then to 151° C for 1/2 hr, and finally to 260° C for
2 hr, Temperature and timing were controlled by a micro processor
(Tecator 1008 heating block control unit) and all digestions were carried
out under a ventilated hood. After the digestions were completed the
tubes were volumetrically brought up to 35 ml with O.1N HCl1l, placed in a
50 ml erlenmeyer flask, and stoppered prior to being analyzed for P, KX,

Ca, Mg, Na, and Fe by atomic absorption techniques.1 K, Ca, and Mg were

1
“laboratory procedures Oklahoma State University Agronomic Services
Laboratory for Soil, Plant, and Water Analysis (revised 1980).
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determined in lanthanum chloride solution.

These greenhouse experiments were carried out as a randomized com-
plete block design with each treatment replicated 3 times., The 3 factors
studied were: 2 levels of phosphorus, 2 levels of caleium, and 4 levels
of potassium. Spatial randomization was accomplished, for each series
after treatment application, by assigning a number from 1 to 43 for each
treatment, then arranging the location of the pots according to the se-
quence determined from a table of random numbers. The resulting data
Were analyzed with the Statistical Analysis System (SAS, 1979). PROCEDURE
ANOVA (Series I and III) and PROCEDURE GLM (Series II) were used to com-
pare the fertility treatments (nutrient main effects) on each variable
with Duncan's test for significant differences. PROCEDURE CORR was used
to check for possible relationships among the variables that were measured.

The parameters measured in these studies are listed in Table VIII.

TABLs VIII

AUSTRIAN WINTER PZA PARAMETERS MEASURAD FOR GHouNHCUSS
EXPERIMENTS WITH BUFAULA SCIL

Parameter Units

Top Weight g (dry)

Top Length cm

Root Weight g (dry)

Nodule Weight g (fresh)

Nodule Number nodules/culture
Nitrogenase pamol CpHy/culture/hr

Nodule Mineral Composition % (p, X, Ca, Mg, Na, Fe)
Whole Nodule
Nodule Cytosol
Nodule QOrganelles




CHAPTER IV
DISCUSSION OF RESULTS
A. BSeries I

In Series I the pots were first watered in a cement bench partly
filled with sand by means of a soaker hose buried beneath the sand. Zven
though germination was rapid, growth proceeded slowly. The pots were
moved to the top of a bench and watered in saucers, Frartly due to a slow
start, coupled with an early harvest, there was a shortage of nodule
material for nodule composition analysis. The nodules of the three
replicates were composited for each treatment and only the whole nodules
were analyzed. As a result only significant correlations are discussed
for whole nodule composition., The Fe content in this series was expressed
in ppm (pg/g) rather than 7.

The results of Series I are presented in Tables IX to XIV. The K
level effects, with and without P and Ca, are given in Tables IX and «.

K caused signifiicant decreases in every parameter measured except top
weight as shown in Table XI when Ca and P levels were pooled. TIhe effects
of Ca and P, with K levels pooled, are given in Table XII. Here Ca caused
a significant increase in root weight but gave significant decreases in

top weight, nodule number, and nodule weight. P gave significant decreases
in every parameter measured except nitrogenase where it resulted in a non-
significant increase, The comparisons for X level responses, with and

without P and la, are presented in Table XIII along with significant

18
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TABLE IX

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON GROWTH,
NODULATION, AND NITROGENASE (Cz2Hp REDUCTION) OF
AUSTRIAN WINTER PEA, SERIES I

Treatmentl Parameterd
Top Wt Rt Wt Nod Wt Nod No Nase

0 2.23 a 0.40 abed 0.696 a 158 a 46,0 a

Ky 1.87 ab 0.37 bede 0.544 ab 73 b 2,7 b

X3 1.80 abe 0.37 bede 0.313 be 40 b 4,7 b

P 1.47 bede 0.30 cde 0.529 ab 41 b 46,7 a

PK1 1.03 de 0.20 ¢ 00065 cd 5 b 6.7 ab
§3.0) 1.60 abed 0.30 cde 0,081 ed 22 b 13.3 ab
PK3 1.13 cde 0.20 e 0.141 ed 18 v 11.3 ab
Ca 1.47 bede 0.57 a 0,120 cd 27 b 12.7 ab
CaKy 1.40 bede 0.40 abed 0,149 cd 23 b 20.7 ab
CaKz 1.33 bede 0.50 ab 0.090 cd i7 b 4,31

CaK3 0.87 o 0.27 de 0.011 4 3b 2.3 b

CaPp 1.37 bede 0.47 abe 0.227 od 18 v 28,0 ab
CaPKy 1.43 bede 0.57 a 0.21% cd 26 b 15.7 ab
CaPKp 1.26 bede 0.30 cde 0.177 cd 26 b 8.7 ab
GaPK3 1.43 Dbede 0.30 cde 0,074 cd i1 b 2.7 b

1, Treatment levels as mg/Kg soil: K, = 200, XKp = 400, K3 = 600
as KCl; P = 200 as C:%Hchq)zg with Ca = 6 meq/100 g soil

2, Figures are means of three reps with 5 plants/culturs.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.

Top Wt = g dry, Rt Wt = g dry, Nod Wt = g fresh, Nod No =
Nodules/culture, Nase = umol CpHy/culture/hr,

Abbreviations are Wt = Weight, Rt = Root, Nod = Nodule, No =
Number, Nase = Nitrogenase.



TABLE X

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON WHOLE
NODULE CCMPOSITION OF AUSTRIAN WINTER PEA,

SERIES I

Treatmentl Whole Nodule Composition?

P K Ca Mg Na Fe
0 0.28 1.81 0.30 0.33 0.80 84
Xy 0.23 3.10 0.32 0.22 0.58 85
K2 0.28 3.60 0.73 0.16 0.27 100
K3 0.04 0.63 0.05 0.02 0,04 16
P 0.97 2,30 0.33 0.34 0.89 111
PKq 0.96 4,05 0.83 0.26 0.58 1012
P2 0.80 4,0b 0.55 0.24 0.43 240
Ca 0.18 0.86 0.31 0.12 0.40 62
CakK1 0.13 1.24 0.20 0.08 0.13 43
Caky 0.22 1.95 0.52 0.09 0.43 141
CaKj 0.25 1.57 1.10 0.16 1.07 110
CaP 0.09 0.46 0.15 0.06 0.15 31
Ca.PKZ 0.11 1-18 1-90 0.04 0.13 65
CaPK3 041 3451 0.81 0. 14 0.47 1380

1. Treatment levels as mg/Kg soil: Ky = 200, Ky = 400, K3 = 600
as KC1l; P = 200 as Ca(HpPOy)z; with Ca = 6 meq/100 g soil
as CaCO3.

2., Figures are from analysis of composites for 3 treatment reps
expressed as %, except Fe which is ug/g nodule fresh weight
with 5 plants/culture.

20
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TABLE XI

EFFECTS OF K LEVELS ON GROWTH, NODULATION, AND NITROGENASE
(CpHp REDUCTION) OF AUSTRIAN WINTER PEA, SERIES I

Treatmentl ‘ Parameterd

Top Wt Rt Wt Nod Wt Nod No Nase
0 1.63 a 0.43 a 0.393 a 61 a 33.3 a
Kl 1.43 a 0.38 a 0.243 b 32 ab 11.4 b
K3 1.31 a 0.28 b 0.135 b 18 b 5.3 16

1. Treatment levels as mg XK/Kg soil; Ky = 200, Kz = 400, K3 = 600
as KCl. Ca and P levels pooled.

2. Figures are means of 12 observations with 5 plants/culture.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at 0,05 level,

Refer to Table IX for description of variables,



22

TABLE XII

EFFECTS OF CA AND P LEVELS ON GROWTH, NODULATION, AND
NITROGENASE (CpHp REDUCTION) OF AUSTRIAN
WINTER PEA, SERIES I

Parameter Treatment!
Ca P

Top Wt with 1.32 © 1.34 b
(g dry) without 1.61 a 1.59 a
Rt Wt with 0.42 a 0.33 ©
(g dry) without 0.31 b 0.40 a
Nod wt with 0.133 b 0.189 b
(g fresh) without 0.364 a 0.308 a
Nod No with 19 b 210
(nodules/culture) without 52 a 50 a
Nase with 1.9 a 16.6 a
(umol CpHy/culture/hr) without 17.8 a 13.0 a

1. Treatment levels: P = 200 mg P/Kg soil as Ca(HpPOy)p; Ca =
6 meq/100 g soil as CaCC3. K levels pooled.

Figures are means of 24 observations with 5 plants/culture.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.

Abbreviations are Wt = Weight, Kt = Root, Nod = Nodule, No =
Number, Nase = Nitrogenase.
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TABLE XIII

COMPARISONS FOR EFFECTS OF K LEVELS, WITH P AND CA, ON
GROWTH, NODULATION, AND NITROGENASE
(CaHp REDUCTION) OF AUSTRIAN
WINTER PEA, SERIES I

Combination Treatment
Parameters Treatmentl X Levelsl Effect
°© K kR K
0 2,23 1.87 1.73 1.80 Ca **
Top Wt P 1.47 1,03 1.60 1.13 P *
CaP 1-37 1043 1.27 10“3
0 0.40 0.37 04,33 0.37 Ca ***
Rt Wt P 0.30 0.20 0,30 0,20 P *
(g dry) Ca 0.57 0.40 0.50 0427 K **
CaP 0.47 0,57 0.30 0,30 CaxPxK *
0 0,696 0.544 0,539 0.313 Ca *%*#*
Nod Wt P 0.529 0,065 0,081 0,141 P **
(g fresh) Ca 0.120 0.149 0,090 0,011 K %%
CaPp 0.227 0.214 0.177 0,074 CaxP *#*x
CaxK *
Nod No 0 158 73 59 4o Ca **
(nodules/ P 41 5 22 18 P *
culture) Ca 27 23 17 3 Caxp **
CaP 18 26 26 11
Nase 0 46,0 2.7 11,0 4,7 K %%
culture/hr) Ca 12,7 20.7 4.3 2.3
CaP 2800 15.? 80? 2.7

1. Treatment levels as mg/Kg soil: Ky = 200, Kp = 400, K3 = 600
as KCl; P = 200 as Ca(HoPOy)ps with Ca = 6 meq/100 g soil
as Ca.C03-

Figures are means of three reps with 5 plants/culture.

2, *, *% x%* Jgvel of significance at P 0.05, 0.01, and 0,001
respectively.

Abbreviations are Wt = Weight, Rt = Root, Nod = Nodule, No =
Number, Nase = Nitrogenase.
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TABLE XIV

CORRELATIONS AMONG GROWTH, NODULATION, NITROGENASE
(CoHp REDUCTION), AND WHOLE NODULE COMPOSITION
OF AUSTRIAN WINTER PEA, SERIES Il

Whole Nodule Composition

Top Rt Nod Nod

Wt Wt Wt No Nase K Mg Na Fe
Top Wt «33
*
Rt Wt -.50
»*
Nod Wt 50
¥* %%
Nod No 66
%X
Whole Nodule
P «70 «50
k o J *

< \ 'fi

1.

Figures are correlation coefficients based on 48 observations,
except whole nodule composition which has 16 observations, with
5 plants/culture.

*, *%, ¥¥% Jovel of significance at P{ 0,05, 0.01, and 0,00t
respectively.

Cations as % except Fe which is ug/g nodule fresh weight.
Treatment levels and variable descriptions are given in Table iX.

Abbreviations are Wt = Weight, Rt = Root, Nod = Nodule, No =
Number, Nase = Nitrogenase.
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interactions. K was shown to have a significant effect on root weight,
nodule weight, and nitrogenase. The P and Ca effects were significant
for every parameter except nitrogenase. The most important interaction
appeared to be CaxP which was observed for every parameter except root
weight and nitrogenase. In addition root weight also had significant
CaxPxX interaction and nodule weight gave a CaxK interaction. Correla-
tions are given in Table XIV with significant correlations noted among
all growth, nodulation, and nitrogenase parameters except for root weight
x nodule weight, nodule number, and nitrogenase. The only whole nodule
cation that was significantly correlated with growth, nodulation, or
nitrogenase was Mg x root weight (-). In addition P x K, P x Na, and

K x Fe were the only other whole nodule correlations observed.

B. Series I1

The plants in Series II attained very favorable growth following
germination within 3 days after planting. They grew rapidly with most
treatments growing from 1.5 to 1.8 m in length similar to results of
Auld et al, (1979). The plants in this series provided ample nodule
material for analysis of 2 nodule composition replicates. Some treatment
reps were combined to obtain 2 g of nodule material for the second nodule
composition rep. The results of Series II are presented in Tables XV
to LXIX.

Significant differences among the treatments for K level effects,
with and without P and Ca, are given in Tables XV to XVIII. (a treatments
apparently increased the Ca levels of the nodule cytosol. In the nodule
organelle fraction, the P treatment was significantly higher (P< 0.05)

for Fe than all other treatments. There were no significant differences



TABLE XV

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON GROWTH,
NODULATION, AND NITROGENASE (CpHp REDUCTION) OF

AUSTRIAN WINTER PEA, SERIES II

Treat-
mentl Parameter

Top Wt Top In Nod Wt Nod No HNase
0 6.47 d 164,3 ab 1.17 abed 2.167 abed 307 bed 31.7 b
Ky 6.73 abed 164.2 ab 1.63 a 1.291 cd 298 bed 21,7 Db
K2 6.03 de 159.1 ab 1.37 abc  1.938 bed 248 cd 188.0 ab
K3 6,13 de  168.5 ab 1.40 ab  1.539 bed 327 bed 4.0 b
P 7.77 abe 170.2 ab 1.10 bed 2.834 abe 513 a 137.7 ab
PKy 6,50 d 161.7 ab 0.80 4 2.2?7 abed 354 bed 270.7 ab
PXp 7.83 ab 157.5 ab 0.93 bed 3.885 a 373 be  404,3 ab
PK3 7.97 a 171.0 ab 1.07 bed 2,316 abed 413 ab  330.7 adb
Ca 5.57 de 163.4 ab 1.00 bed 2.141 abed 278 cd 86.0 ab
CaKy 6.00 165.1 ab 1,10 bed 1.1954d 258 ed 407.3 ab
CakKo 6.30 154,1 ab 0,90 bed 1.802 bed 235 4 250.7 ab
CaKs 5.13 149.9 b 0,67 4 2.872 ab 285 bed 547.7 a
CaP 6.30 177.8 a 0,87 cd 3.077 ab 242 ed 299,0 ab
CaPKy 6457 159.2 ab 1.00 bed 1.887 bed 237 4 179.7 ab
CaPKp 6.47 155.0 ab 0.87 cd 2.301 abed 229 4 244,7 ab
CaPK3 6.63 171.9 ab 0.93 bed 1,911 bed 316 bed 229.3 ab
1. Treatment levels as mg/Kg soil: Ky = 200, Kz = 400, K3 = 600

as KC1; P

= 200 as Ca(HpPQ4)z3 with Ca = 6 meq/100 g soil

2. Figures are means of three reps with 5 plants/culture.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0,05 level,

Top wt = g dry, Top ln = cm, Rt Wt = g dry, Nod Wt = g fresh,
Nod No = nodules/culture, Nase = umol CpHy/culture/hr.

Abbreviations are Wt = Weight, Ln = Length, Rt = Root, Nod =
Nodule, No = Number, Nase = Nitrogenase.



TABLE XVI

ZFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON WHOLE
NODULE COMPGSITION OF AUSTRIAN WINTER PEA, SERIES II

Treat-

mentl whole Nodule Composition?

P K Ca Mg Na Fe
0 0.58 abe 1.16 fg 0,62 bed 0,70 a 1,99 a Ol a
Ki 0051 be 1.“’6 efg 0051 cd 0068 ab 1040 bed 0‘25 a
K2 0.53 bc 2.22 cdefg 0.63 bed 0.62 abcd 0.98 o 0.39 a
K3 0.48 ¢ 3.22 be 0,53 cd 0.58 abed 0,95 @ 0.39 a
P 0.62 abe 1.03 g 0.68 abed 0.62 abed 1.93 a 0.71 a
PKq 0.65 ab 2,48 bede 0.52 cd 0.50 4 1.38 bed 0.41 a
PKp 0.71 a 2.87 bed 0.48 4 0.48 d 1.44 be  0.51 a
PK3 0.67 ab  3.15 be 0,57 cd 0.52 4 1.08 cde 0.63 a
Ca 0.51 be 1.05 g 0.78 abc 0,67 abe 1.61 ab 0.49 a
CakKy 0.61 abc 1.92 defg 0.63 bed 0,72 a 1.52 b 0.27 a
CaKp 0.60 abe 3.50 ab 0.90 ab 0.55 bed 0.83 e 0.58 a
CakKj 0.58 abc 4.43 a 0.97 a 0.48 4 0.68 e 0.64 a
CaP 0.60 abe 1.40 efg 0.73 abed 0,58 abed 1.64 ab 0.63 a
CaPKj 0.62 abc 2,33 bedef 0.72 abed 0.62 abed 1.53 b 0.49 a
CaPio 0.61 abe 3.42 abe 0,70 abcd 0.53 cd 1.02 de 041 a
CaPKy 0.62 abc 3.40 abe 0.70 abed 0.58 abed 0.50 e 0.36 a
1. Treatment levels as mg/«g soil: Ky = 200, Kp = 400, K3 = 600

2,

as XCl; P = 200 as Ca(HpPCy)ps witn Ca = 6 meq/100 g soil
as CaCoOs3.

Figures are means of three reps with 5 plants/culture. Cations
are given as %,

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.

27



28

TABLE XVII

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON NODULE
CYTOSCL COMPOSITION OF AUSTRIAN WINTER PEA, SERIES II

Treatmentl Nodule Cytosol Composition?
P K Ca Mg Na e

0 0.29 a 0.70 et 0'06 c 0.30 a 1016 a 0.16 ab
Ky 029 a2 1.13 def 0.06 ¢ 0.38 a 1.09 abc 0,14 D

Ko 0.23 a2 1.58 bed 0.08 ¢ 0.18 a 0.49 d 0.26 ab
K3 0.29 a 2,23 a 0.08 ¢ 0.29 a 0.66 cd 0.15 ab
P 0.28 a 0.55 ¢ 0.08 ¢ 0.25a 1.12 abd 0.17 ab
PK1 0a29 a 1.08 def 0003 [+] 0.23 a 0.88 abed 0011 b

PKo 0.35 a 1,33 cde 0.06 ¢ 0.23 a 1,00 abc 0.13 ®

PK3 0.2 & 1.55 bed 0.08 ¢ 0.20 2 0.70 cd 0.30 a

Ca 0,20 a 0.50 £ 0.18 abc 0,30 a 1,03 abe 0.14 ©

Caky 0.32 a 1,42 bede 0.17 abc 0.33 a 0.98 abed 0.24 ab
CaKp 031 2 1.97 abe 0.32 ab  0.32 a 0,74 abcd O.i4 b

CaK3 0.22 a 2.58 a 0.33 a 0.25 a 0.56 d 0018 ab
CaP 0.17 a 0.60 f 0.15 abc 0.23 a 1.00 abe 0.13 b

CaPKy 0.31 a 1.50 bed 0.20 abc 0,35 a 1.00 abe 0.22 ab
CaPKz 0031 a 2013 ab 0013 be 0928 a 0.73 bed 0'11 b

CaPK3 0.35a 2.55 a 0.15 abc 0.33 a 0,61 cd 0.13 b

1. Treatment levels as mg/Kg soil: K; = 200, K» = 400, K3 = 600
as KC1; P = 200 as Ca(HaPOy)2; with Ca = 6 meq/100 g soil
as CaCO3.

2. Figures are means of two reps, except K4 and CaKy which represent
one rep, with 5 plants/culture. Cations are given as %.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0,05 level.



TABLE XVIII

EFFECTS OF XK LEVELS, WITH AND WITHOUT P AND CA, ON NODULE
ORGANELLE COMPOSITION OF AUSTRIAN WINTER PEA,

29

SERIES II
Treatment! Nodule Organelle Composition?
P K Ca Mg Na Fe
0 0.33 ab 0.53 4 0.25 ¢ 0433 bcde 0475 a 0.11 b
Ky 0.26 ab 0.70 abed 0.21 ¢ 0.34% abcde O.54% abed 0.10 b
K2 0.31 ab 0,72 abed 0.73 a 0.34 abcde 0,31 4 0.15 b
K3 0.25 b 1.30 abc Q.26 c  0.31 cde  0.36d 0.11 b
P 0.33 ab 0,69 bed 0433 bc 0,35 abed 0,65 ab 0.23 a
PKq 0.29 ab 0.98 abed 0.22 ¢  0.32 bede 0.64 abe 0.11 D
PXp 0.26 b 0,90 abcd 0.23 ¢ 0,26 de 0.52 abed 0,10 b
PKB 0.26 b 1.11 abed 0.19 ¢ 0.24 ¢ 0.1 cd 0.13 b
CakKy 0.35 ab 1.10 abcd 0.28 be 0.32 bede O.48 abed 0.13 Db
CaKz 0.32 ab 1.45 a 0.42 be 0.33 bede O.42 bed 0.12 b
CaK3 0.39 2 1.43 ab 0,49 b 0.30 cde 0.26 4 0.13 b
CaP 0.39a 0.59 cd 0.43 be 0.43 a O.,64 abe  0.10 b
CaPKy 0.35 ab 1.19 abed 0.38 be 0.36 abe 0.6 abe 0.12 b
CaPK 0.38 a 1.41 ab 0.33 be 0.30 cde 0,43 bed 0.11 b
CaPK3 0.3% ab 1.02 abed 0.29 be 0.31 cde 0.314d 0.09 b
1. Treatment levels as mg/Kg soil: Ky = 200, K» = 400, K3 = 600
as KCl; P = 200 as Ca(HpPOy)p; With Ca = 6 meq/100 g soil
as CaCO3.
2, Figures are means of two reps, except Ki and CaKj, (and CaPKj

for K) which represent one rep, with 5 plants/culture. Cations
are given as %.

Means followed by the Sane letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.
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observed among the treatments for whole nodule Fe or for cytosol P and Mg
contents,

The effects of K levels (P and Ca levels pooled) are shown in Table
XIX. K caused significant decreases in top length, nodule weight, nodule
number, whole nodule and organelle Mg, and Na in the whole nodule, cyto-
sol, and organelle compositions. The only increases caused by K appeared
to be with the K levels in all 3 nodule compositions measured. The effects
of Ca and P (K levels pooled) are shown in Tables XX and XXI. Ca caused
only increases in the nodule compositions with the exception of a de-
crease in whole nodule Na, It caused increases in the Ca content of all
nodule compositions and cytosol K, as well as P and Mg contents of the
nodule organelles. In addition Ca caused decreases in top and root weights
and in nodule number. The P treatment caused significant increases in
top and nodule weights and nodule number, but decreased root weight. In
the nodule compositions P increased whole nodule P and decreased whole
nodule Mg and organelle Ca.

Comparisons of the K level responses, with and without P and Ca,
plus significant interactions are given in Tables XXII to XXV. Here K
effects were shown to be significant for nodule weight and number, K and
Na content of all nodule compositions, as well as organelle Ca and g
contents. (a effects were significant for top and root weights, nodule
number, whole nodule Na, cytosol X and Ca, and organelle P, Ca, and Mg.
P effects are presented as being significant for top, root, and nodule
weights, nodule number, whole nodule P and Mg, and organelle Ca. No
significant P effect was noted for any cytosol parameter measured. No
significant X, P, or Ca effect was observed for top length, nitrogenase,

whole nodule rfe, cytosol P, Mg or Fe, or organelle fe contents. Although



TABLE XIX

EFFECTS OF K LEVELS ON GROWTH, NODULATION, NITROGENASE
(CpHp REDUCTION), AND NODULE COMPOSITICON CF
AUSTRIAN WINTER PEA, SERIES II

Parameters! K Treatment?
0 Ky K2 K3
Top Wt 6.53 a 6.45 a 6,66 a 6,47 a
Top In 168.9 a 162.6 ab 156.4 b 165.3 ab
Rt Wt 1,03 a 1.13 a 1.02 a 1.02 a
Nod Wt 2,555 a 1.662 b 2.431 a 2.160 ab
Nod No 335 a 286 ab 272 b 335 a
Nase 138.6 a 158.3 a 271.9 a 293.6 a
Whole nodule
P (%) ’ 0.58 a 0.60 a 0.61 a 0.59 a
K (%) 1.16 d 2,05 ¢ 3.00 b 3455 a
Ca (%) 0.70 a 0.59 a 0.68 a 0.69 a
Hg (%) 006“ a 0063 a 0.55 b 0.5“ b
Na (%) 1.79 a 1.46 b 1.07 ¢ 0.88 d
Fe (%) 0.56 a 0.35 a 0.47 a 0.50 a
Nodule cytosol
P (%) - 0.23 a 0.30 a 0.30 a 0.28 a
K (%) 0.59 d 1.28 ¢ 1.75 b 2.23 a
Ca (%) 0.11 a 0.12 a 0014 a& 0016 a
Mg (%) 0.27 a 0.31 a 0.25 a 0.27 a
Na (%) 1,08 a 0.97 a 0.74 b 0.63 b
Fe (%) 0.15 a 0.17 a 0.16 a 0.19 a
Nodule organelles
P (%) 0.35 a 0.31 a 0.31 a 0.31 a
K (%) 0.59 b 0.99 a 1.12 a 1.21 a
ca (%) 0.38 ab 0.28 v 0.43 a 0.30
Mg (%) 0.39 a 0034 ab 0031 b 0.29 b
Na (%) 0.67 a 0.60 a 041 1 0.33 b
Fe (%) 0.14 a 0.11 a 0.12 a 0.12 a

1. Refer to Table XV for description of variables.

2. Treatment levels as ag K/Kg soil: Kj = 200, Kz = 400, K3 = 600
as KCl. Ca and P levels pooled. Figures are means of 12 observa-
tlons, except nodule cytosol and organelle compositions = 8 obser=
vations (K; = 6 observations and in nodule organelle K, Kt =5

observations), with 5 plants/culture.
Means followed by the same letter are not significantly different

according to Duncan's Multiple Range analysis at the 0.05 level.
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EFFECTS OF CA AND P LEVELS ON GROWTH, NODULATICN, NITROGENASE

TABLE XX

(C2Hp REDUCTION), AND WHOLA NODULE COMPCSITION OF

AUSTRIAN WINTER PEA, SBERIZS II

32

Parameter Treatmentl
Ca P
Top Wt with 6.12 b 7.00 a
(g dry) without 6.93 a 6.05 b
Top In with 162.0 a 165.5 a
(em) without 164.6 a 161.1 a
Rt Wt with 0.92 b 0.95 b
(g dry) without 1.18 a 1.15 a
Nod Wt with 2,148 a 2.536 a
(g tresh) without 2.256 a 1.868 b
Nod No with 260 b 335 a
(nodules/culture) without 354 a 279 b
Nase (umol with 248.9 a 261l.1 a
CoHy/culture/hr) without 182.3 a 170.1 a
Whole Nodule
P (%) with 0.60 a 0.64 a
without 0,59 a 0,55 b
X (%) with 2,66 a 2.51 a
without 2,20 b 2.37 a
Ca (%) with 0.77 a 0.64 a
without 0.57 b 0.70 a
Mg (%) with 0.59 a 0.55 b
without 0,59 a 0.63 a
Na (%) with 1.20 b 1.35 a
without 1.39 a 1.24 a
Fe (%) with 0.48 a 0.52 a
without 0.46 a 0.43 a

1.

Treatment levels: P = 200 mg P/Kg soil as Ca(dpPCy)2; Ca

meq/100 g soil as CaCO3.

K levels pooled.

=

Figures are means of 24 observations with 5 plants/culture.

6

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.

Refer to Table XV for description of variables,



TABLE XXI

EFFECTS OF CA AND P LEVELS ON NODULE CYTOSOL AND
ORGANELLE COMPOSITIONS OF AUSTRIAN
WINTER PEA, SERIES II

Composition Treatmentl

Ca P

Nodule Cytosol

P (%) with 0427 a 0.29 a
without 0.28 a 0,26 a
K (%) with 1.67 a 1.41 a
without 1.28 b 1.55 a
Ca (%) with 0.20 a 0.11 a
without 0,06 b 0.16 a
Mg (%) with 0.29 a 0.26 a
without 0,25 a 0.28 a
Na (%) with 0.82 a 0.88 a
without 0.87 a 0,81 a
Fe (%) with 0.16 a 0.16 a
without 0,18 a 0.17 a
Nodule Qrganelles
P (%) with 0.36 a 0.32 a
without 0.28 b 0,32 a
K (%) with 1.08 a 0.97 a
without 0.88 a 0.98 a
Ca (%) with 040 a 0.30 b
without 0.30 b .t a
Mg (%) with 0.35 a 0.32 a
without 0.31 b 0.33 a
Na (%) with 0.48 a 0.53 a
without 0.52 a 0.46 a
Fe (%) with 0.11 a 0.12 a
without 0.13 a 0.12 a

1. Treatment levels: P = 200 mg P/Kg soil as Ca(HpPOy)z; Ca = 6
meq/100 g soil as CaCO3. K levels pooled.

Figures are means of 15 observations for Ca treatment. P

has 16 observations with treatment and 14 observations without
treatment except organelle K which has 15 observations., Hach
culture contained 5 plants,

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 lavel.
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TABLE XXII

COMPARISONS FOR EFFECTS OF K LEVELS, WITH P AND CA, ON
GROWTH, NODULATION, AND NITROGENASE
(CpHp REDUCTION) OF AUSTRIAN
WINTER PEA, SERIES II

Combination Treatment

Parameter Treatment! K Levelsl Effect?
0 Ky K K3

0 647 6.73 6.03 6,13 Ca *%x
Top Wt P 7.77 6.50 7.83 7.97 P *%%

CaP 6.30 6.57 6.47 6.63

0 164.3 164,2 159,1 168.5
Top In P 170.2  161.7 157.5 171.0

CaP 177.8 159.2 155,0 171.9

0 1.17 1.63 1.37 1,40 Cca **
Rt Wt P 1,10 0,80 0.93 1.07 P *x
(g dry) Ca 1.00 1.10 0.90 0,67 Caxp **

CaP 0.87 1.00 0.87 0.93

0 2.167 1.291 1.938  1.539 P *=
Nod Wt P 2,834 2.277 3.685 2,316 K *
(g fresh) Ca 2,141 1.195 1,802 2,872

CaP 3.077 1.887 2,301 1.911

0 307 298 248 327 P xx
Nod No P 513 354 373 413 K *
(nodules/ Ca 278 256 235 285 Ca **x
culture) CaP 242 237 229 316 caxp *#*

0 31.7 21.7 188,0 74,0
Nase (umol P 137.7 270.7 404.3 330.7
CoHy/culture/ Ca 86.0 161.3 250.7 547.7
hr) CaP 299.0 179.7 244,7 2220

1. Refer to Table XV for treatment levels and description of variables.
Figures are means of three reps with 5 plants/culture,

2, *, *x  *¥x* Jgvel of significant differences at P (0.05, 0.01 and
0.001 respectively.



TABLE XXIII

COMPARISONS FOR EFFECTS OF K LEVELS, WITH P AND CaA, ON

WHOLE NODULE COMPCSITION OF AUSTRIAN
WINTER PEA, SERIEZES II

Whole
Nodule Combination Treatment
Composition Treatmentl K Levelsl Effects?
0 LS| K2 K3

0 0,58 0.51 0.53 0.48 P *xx
P (%) P 0.62 0.65 0,71 0.67 CaxP *

Ca 0.51 0,61 0.60 0,58

CaP 0.60 0.62 0.61 0.62

0 1.16 1,46 2,22 3.22 Ca *#*
K (%) P 1.03 2.,48 2,87 3.15 K %%

Ca 1.05 1.92 3.50 4,43

CaP 1.% 2033 3-42 3 .40

0 0.61 0.51 0.63 0.53 Ca *¥%
Ca (%) P 0.68 0.52 0.48 0.57

Ca 0.78 0.63 0.90 0,97

CaP 0.73 0.72 0.70 0.70

0 0.70 0.68 0.62 0.58 P **
Mg (%) P 0.62 0.50 0.48 0.52 K %%

Ca 006? 0-72 0055 0.“’8 CaxpP *

CaP 0.58 0.62 0,53 0.58

0 1.99 1,40 0.98 0.95 Ca **
Na (%) P 1.93 1,38 1.44 1,08 K %%

Ca 1.61 1.52 0.83 0.68 CaxK *

CaP 1.64 1.53 1,02 0.80

0 Okl 0425 0.39 0.39
re (%) P 0.7L  0.41 0.51 0.63

Ca 049 0,27 0.58 0.64

i. BRefer to Table XVI for treatment levels.
Figures are means of three reps with 5 plants/culture.

2, *, ®¥*, *%* Level of significant differences at P { 0,05, 0.01 and

0,001 respectively.
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TABLE XXIV

COMPARISONS- FOR EFFECTS OF K LEVELS, WITH P AND CA, ON
NODULE CYTOSOL COMPOSITION OF AUSTRIAN
WINTER PEA, SERIES II

Nodule
Cytosol Combination Treatment
Composition Treatmentl K Levels! Effects?
0 Ky K2 K3
0 0,29 0,29 0.23 0.29
P (%) P 0428 0.29 0435 0.24
Ca 0.20 0432 0,31 0,22
CaP 0.17 0.31 0.31 0.35
0 0.70 1.13 1.58 2.23 Ca ***
K (%) P 0.55 1.08 1.33 1.55 K e
Ca 0.50 1.42 1.97 2.58
CaP 0.60 1.50 2.13 2,55
0 0.06 0,06 0,08 0,08 Ca #**%
Ca (%) P 0,08 0,03 0.06 0.08
Ca 0.18 0.17 0.32 0.33
CaP 0.15 0.20 0,13 0:15
0 0.30 0.38 0.18 0.29
Mg (%) P 0.25 0.23 0.23 0.20
Ca 0.30 0.33 0.32 0.25
CaP 0.2 0,35 0.28 0.33
0 1.16 1,09 0.49 0,66 K %*%%*
Ca 1.03 0.98 0. 74 0,56
CaP 1.00 1.00 0073 0061
0 0.16 0.14 0.26 0,15
Fe (%) P 0.17  0.11  0.13 0,30
Ca O.i4 0.24 0.14 0.18
caP 0.43  0.22 0.11 0.13

1. Refer to Table XVII for treatment lsvels.
Figures are means of two reps, except K4 and CaKy which represent
one rep, with 5 plants/culturs,

2, *, »% xxx level of significant differences at P ¢ 0.05, 0.01 and
0.001 respectively,
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TABLE XXV

COMPARISONS FOR EFFECTS OF K LEVELS, WITH P AND CA, ON
NODULE ORGANELLE COMPOSITION OF AUSTRIAN
WINTER PEA, SERIES Il

Nodule
Organelle Combination Treatment
Composition Treatmentl K Levelsl Effects?
0 Ky K2 K3
0 0.33 0.26 0.31 0.25 Ca ##*
P (%) P 0.33 0.29 0.26 0.26
Ca 0.35 0035 0'32 0.39
CaP 0.39 0.35 0.38 0.34
0 0,53 0.70 0.72 1.30 K **
K (%) P 0.70 0,98 0.90 1,11
Ca 0055 1.10 1.“5 10“’3
CaP 0.59 1.19 1.41 1.02
Ca *
0 0.25 0.21 0.73 0.24 P *%
Ca (%) P 0033 0,22 0.23 0019 K *
Ca 0.51 0.28 0.42 0.49 CaxK *
CaP 043 0.38 0.33 0.29 PxK *
CaxPxK *
0 0.33 0.34% 0.34% 0.3t
Mg (%) P 0.35 0432 0.26 0,24 Ca *
Ca 0-42 0032 0033 0o30 K *#
CaP 0.43 0.36 0.30 0.31
0 0.75 0.54 0.31 0.36 K *%%
Na (%) P 0.65 0.64 0,52 0.41
Ca 0.65 0.48 0.42 0.26
CaP 0.64 0.64 0.43 0,31
0 0,11 0.10 0.15 0.11 CaxPp *
Fe (%) P 0t23 0.11 0.10 0-13 CaxK *
Ca 0.12 0.13 0.12 0.13 PxK *
CaPp 0.10 0.11 O.11 0.09 CaxPxK *

1. Refer to Table XVIII for treatment levels.
Figures are means of two reps, except for Kj, CakKy, and CaPKy which
represent one rep, with 5 plants/culture.

2, *, %% *x*% Jgvel of significant differences at P { 0,05, 0,01 and
0.001 respectively.
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no significant nutrient effect was shown for Fe in any of the nodule
compositions, organelle Fe gave all possible significant interaction
combinations. CaxP was the dominant interaction in Series II and it
occurred for root weight, nodule number, whole nodule P and Mg, and
organelle Fe. CaxkK, FxX, and CaxPxK interactions occurred for organelle
Ca and Fe. In addition a CaxK interaction was observed for whole nodule
Na. No interactions were significant for any cytosol parameters.

Significant correlations are presented in Tables XXVI to XXIX, and
only the significant correlations are discussed. Top weight was observed
to be correlated with root weight and nodule number, but not with top
length. Root weight was negatively correlated with nitrogenase. All
top and root growth parameters were significantly correlated only with
whole nodule composition., Top weight was positively correlated with P
and negatively with Ca, Top length and root weight were positively
correlated with Mg but negatively with X. Nodule number x top weight were
correlated as were nodule weight x nitrogenase. Nodule weight was corre-
lated positively with whole nodule Fe and negatively with ig. HNodule
number was correlated with cytosol Ca (-) and with the Fe content of
nodule organelles, In this series nitrogenase was positively correlated
with nodule weight and negatively with root weight. It also was observed
to be correlated only with whole nodule composition, positively with K
and negatively with Mg and Na.

In the whole nodule composition P was correlated with top weight
and whole nodule Fe., X showed positive correlations with nitrogenase as
well as cytosol and organelle X and gave negative correlations for top
length and root weight and organelle Mg as well as whole nodule, cytosol,

and organelle Na. Ca was positively correlated with whole nodule Fe,
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cytosol Ca, and organelle P and negatively with top weight, nodule num-
ber, and organelle Na. Mg was positively correlated with top length,
root weight, whole nodule Na, and cytosol Mg. Negatively Mg was corre-
lated with nodule weight, nitrogenase, and whole nodule K. Na was posi-
tively correlated with whole nodule Mg and cytosol and nodule organelle
Na contents. It was negatively correlated with nitrogenase, and whole
nodule, cytosol, and organelle X (xr = -0.66 to -0.81, PL0.001). Fe was
observed to be correlated with nodule weight, whole nodule P and Ca,
cytosol P (-) and Mg (-), and organelle P. The high Fe content of the
nitrogenase enzyme and ferridoxin components of Rhizobium cells, cell
membrane, and leghemoglobin components may contribute to re being posi-
tively correlated with whole nodule and organelle P while negative corre-
lations were demonstrated for cytosol P.

In the nodule cytosol fraction P was positively correlated only
with cytosol Mg but was negatively correlated with whole nodule Fe, and
organelle P and Mg. K was significantly correlated with nitrogenase,
whole nodule and organelle K, cytosol Ca, organelle Mg (-), and whole
nodule, cytosol, and organelle Na (-). Ca was correlated with nodule
number (~-), whole nodule and organelle Ca, plus cytosol K and Mg. Mg
was shown to be positively correlated with whole nodule Mg and cytosol
P, Ca, and Na. Negatively it was correlated with nitrogenase and whole
nodule and cytosol Fe. Na was apparently correlated with nitrogenase (-),
whole nodule, cytosol, and organelle K (-), cytosol kg, including whole
nodule and organelle Na. Fe was positively correlated with nitrogenase
and negatively with cytoscl Mg,

In the nodule organelle fraction P was correlated positively with

whole nodule Ca and Fe, and organelle Mg while being negatively correlated



TABLE XXVI

CORRELATIONS AMONG GROWTH, NCDULE PARAMETERS, AND
NITROGENASE (CzHz REDUCTION) OF AUSTRIAN
WINTER PEA, SzRIES IIl

40

Top Wt Top In Rt Wt Nod Wt Nod No Nase
Top Wt «33 .56
* ¥ %%
Rt Wt ‘049
¥* %%
Nod Wt 43
*%
Whole Nodule
P 41
*%
K ‘-36 'ol"'i ou7
%% ¥*% ¥* %%
Ca ".30 ’031
* ¥*
Mg 028 039 ’034’ "050
* E 2.3 * L 2 = 4
Na ‘03“
*
Fe 46
¥* %%
Nodule Cytosol
Ca -043
*
Nodule Organelles
Fe 49

¥* %

1. Figures are correlation coefficients based on 48 observations,
except for nodule cytosol and organelle composition which are
based on 30 observations, with 5 plants/culture.

*, %% *x% Jgvel of significance for P< 0.05, 0.01, and 0,001

respectively.

Refer to Tables XV to XVIII for treatment levels and description

of variables,



TABLE XXVII

CORRELATICNS AMONG GROWTH, NODULE PARAMETERS, NITROGENASE
(C2Hp REDUCTION), AND WHOLE NODULE uor&o&xnon OF
AUSTRIAN WINTER PEA, SERIES II!

¥hole Noduls Composition

P X Ca Mg N+ Fe
Top Wt .“1 '030
-8 -
‘Top In ' =36 : «28
. % *
Rt Wb ) - eglit 039
L 1 *&
Nod Wt - °l3“ 0“6
. : [ e
Kod Ko =31
. &*
".83. a“? ‘.50 “'3“
tYhole Nodule i e »
P 32
’ N
I ‘.81
E L .2
Ca 37
=
Mg " 53
Kodule Cytosol e
} 4 o ‘oui
i *
K -?4 ‘.83
L2 24 - *EE
. Ca _ «63
L2 13
¥ ’ ' o8 ) 37
L #
Na "66 0?9
Kodule Organelles xhE T
P M9 o1
+*% &*
‘ 081 ‘u66
: - Ew
}’8 ) ‘0“1
? ]
H‘ ‘ ’.68 ’037 .86
e « aw

4+ Figures are correlation coefficients based on 48 otservaticns, except

" - nodule cytosol and organello cozposition which are tased on 30
observations (nodule organelle X = 29 ob3ervations), with § plan.s/ .
ﬁultur‘ . )

#, &8 sxs Jevel of significancs for P { 0 05. 0 01, and 0,001
Tespectively.

Refar to Tables XV to XVI for .raatnent lsvalc and dascription
¢f varisbles, )



TABLE XXVIII

CORRELATIONS AMONG NODULE PARAMETERS, NITROGENASE (CpHz REDUCTION),

AND NODULE CYTOSOL COMPOSITION OF AUSTRIAN WINTER PEA,
SERIES II!

Nodule Cytosol Composition

P K Ca Mg Na Fe
Ned No -.43
*
Nase .36 "039 ".38 .36
Whole Nodule * * * *
K ) 74 ‘066
¥ %% +* %%
Ca .63
%%
Mg 49
**
Na “083 -79
W* %3 *¥%
Fa
Nodule Cytosol
P
K '.65
%
Ca
Mg «50 -0
Nodule Organelles ** *
P -.ua
*
K . 65 e 54
¥ %% E &
Ca 3
*
MS -048 - 04‘8
*% %
Na. - ?8 .86
L2 o t 2 2 3

1.

Figures are correlation coefficients based on 30 observations
(29 for nodule organelle K), except Nod No and Nase which have
48 observations, with 5 plants/culturs,

*, *%, *¥* Tgvel of significancs for P { 0.05, 0.01, and 0,001
respectively,

Refer to Tables XV to XVIII for treatment levels and description
of variables,
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TABLE XXIX

CORRELATIONS AMONG NODULE PARAMETERS, NITROGENASE
(CoHp REDUCTION), AND NODULE ORGANELLE
COMPOSITION OF AUSTRIAN WINTER
PEA, SERIES II

Nodule Organelle Compositionl

P K Ca Mg Na Fe
Nod No 49
*%
Nase oL
¥*%
Whole Nodule
K 081 - 041 ~e 68
% %% * 9%
Ca -1"’9 "037
*¥% *
Na» ~e 66 -86
¥* %% %% %
Fe 1
*
Nodule Cytosol
P - luj - .%
* *¥%
K . 65 e e 78
* %% *% %% %
Ca 43
¥*
Na “» 5“ .86
*% % %%
Nodule Organelles
P S
*
K - .49
* 9%
Mg 45

*%

1, Figures are correlation coefficients based on 30 observations
(29 for nodule organells K), except Nod No and Nase which have
48 observations, with 5 plants/culture,

*, #%  *x% Jgvel of significance for P< 0,05, 0.01, and 0.001
respactively,

Refer to Tables XV to XVIII for treatment levels and description

of variables.
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with cytosol P, K in this fraction was correlated with nitrogenase,
whole nodule and cytosol K, and whole nodule, cytosol, and organelle Na
(-). Mg was correlated positively with organelle P and Na while negative
correlations were shown with whole nodule and cytosol K as well as cyto-
sol P, Na was observed to have positive correlations with organelle Hg
and whole nodule and cytosol Na, with negative correlations for whole
nodule Ca plus the K content of all nodule compositions. Fe and Ca in
this fraction apparently had one correlation each and these were with

nodule number and cytosol Ca respectively.

C. Series III

The plant growth in Series III was similar to that of Series II
with an abundance of nodule material available for chemical analysis.
The results of this series are presented in Tables XXX to XLII.

Tables XXX to XXXIII show the differences among the treatments for
K level effects, with and without P and Ca. Treatments containing P
appeared to increase top growth, compared to the check, especially when
combined with X. <Ca generally decreased top growth, however, with in-
creasing K levels an apparent increase occurred. The P treatment reduced
root growth significantly compared to the check, bué increased nodule
weight. Both nodulation parameters increased with P applications, espe-
cially when K was present, however, Ca decreased nodule weight and appar-
ently increased nodule number. In the nodule cytosol composition, the P
treatment resulted in the highest Na content and Ca applications appeared
to decrease Fe. Increasing K levels increased the X and decreased the Na
contents of all three nodule compositions measured. No significant treat-

ment differences were noted for cytosol Mg content in this series.



TABLE XX

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA,

ON GROWTH, NODULATION, AND NITROGENASE

(CpHz REDUCTION) OF AUSTRIAN
WINTER PEA, SERIES III

Treat-

ment Parameter?
Top Wt Top In Rt Wt Nod Wt Nod No Nase

0 4,60 be 117.7 abe 1.27 ab 1,285 e 309 bed 73 a
Ky 4,87 be 119.4 adb 1.53 a 1.326 e 339 bed 6.3 a
K2 4.53 bc  124.9 ab 1.50 a 1.398 e 248 4 52.0 a
K3 5.00 b 127.0 ab 1.13 ab 1.873 bed 311 bed @.7 a
P 4,63 bc  124.5 ab 0.80 b 2.236 ab 45 bed  45.0 a
PKq 6.13 2 128.3 a 1.23 ab 2.449 a 364 bed 11.7 a
"PKp 6.20 a 129.1 a 1.30 a 2,322 ab 438 b 63.3 a
PK3 6.30 a 125,7 ab 1.40 a 2,198 ab 650 a 9.0 a
Ca 3.90 ed 110.5 be 1.40 a 1.564 de 3786 bed 38,3 a
CakKy 3.933 ed  117.3 abe 1.43 a 1,523 de 303 cd 20.3 a
Cakz 3.50 a 102,7 ¢ 1.27 ab 1.521 de 365 bed 91.7 a
Cak3 4,60 be  115.6 abc 1,27 ab 1.974 bed 397 bed 33.7 a
CaP 4,67 b¢  113.9 abc 1.20 ab 1.713 cde 427 bed 34.7 a
CaPKy 4,73 be 111.3 be 1.27 ab  1.948 bed 334 bed 27.7 a
CaPKp 4,80 be 113.9 abc 1.23 ab 1.963 bed 383 bed 37.7 a
CaFK3 5.20 b 123.2 ab 1.37 a 2,110 abe 449 be 33.0 a
1. Treatment levels as mg/Kg soil: K; = 200, Kp = 400, K3 = 600

as KCl; P = 200 as Ca(HpPOy)2: with Ca = 6 meq/100 g soil

as CaCO3.
2. Figures are means of three reps with 5 plants per culture.

lleans followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level,

Top Wt = g dry, Top Ln = cm, Rt Wt = g dry, Nod Wt = g fresh,
Nod No = nodules/culture, Nase = umol Cpiy/culture/hr.

Abbreviations are Wt = Weight, Ln = Length, Rt = Root, Nod =
Nodule, No = Number, Nase = Nitrogenase.
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TABLE XXXI

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON WHOLE NODULE
COMPOSITION OF AUSTRIAN WINTER PEA, SERIES III

46

Treat-
mentl Wwhole Nodule Composition2

P K Ca Mg Na Fe
0 0.52 abe 0,89 de 0.55 abe 0.69 a 1,77 bed 0.14 abede
Ky 0.28 a 0.82 de 0.47 ¢ 0.59 abe 1.98 abe 0,12 cde
K O.44 abed 1.31 abed 0.4@ c 0.52 cd 1.42 ef 0O.1i1 e
K 0.57 abe  1.97 a 0.48 ¢ 0.46 d 1.32 fg 0.16 a
P3 0.52 abc  0.82 de 0.45 ¢ 0.65 ab 2.0 ab 0.14 abecde
PKq 0.59 ab 0.94 cde 0.45¢c 0.48 cd 1,90 bed 0,15 abed
PKp 0.52 abe 1.12 bede 0.42 ¢ 0.48 cd 1,77 bed 0.13 abede
PK3 0-55 abe 1069 abe 0.43 c 0.32 e 0081 i 0.11 de
Ca 0.4 abed 0,52 e 0.74 a 0.54 bed 1.72 cd 0.14 abede
CakKy 0.4 abed 0.83 de 0.61 abc 0,53 bed 1.63 de 0.13 abede
CaKp 0.36 cd 1.40 abcd 0,56 abe 0,48 cd 1.01 hi 0.12 bede
Cak3 0.41 bed 1.81 ab 0.70 ab 0,46 d 1.05 ghi 0.15 abe
CaP 0.53 abe 0,80 de 0.60 abc 0,58 abed 2.21 a 0.13 abcds
CaPXy 0.47 abed 0,78 de 0.57 abe 0.54 bed 1,87 bed 0.12 bede
CaPK2 0,46 abcd 1.45 abed 0.55 abe 0.50 ed 1,25 fgh 0.11 ds
CaPK3 0.64 a 1.75 ab 0.52 bc 0.52 bed 1.26 fgh 0.15 ab
1. Treatment levels as mg/Kg soil: K4 = 200, Kp = 400, K3 = 600

as KCl; P = 200 as Ca(HpPOy)2s with Ca = 6 meq/100 g soil

as CaCO3.

2, Figures are means of two reps with 5 plants/culture.

Cations are given as %.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.



TABLE XXXII

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, ON NODULE
CYTOSOL COMPOSITION OF AUSTRIAN WINTER PEA,

SERIES III

Treat-
mentl Nodule Cytosol Composition?

P K Ca Mg Na Fe
0 0.18 def 0.28 ab 0.11 ab 0.26 a 0,09 cd 0.07 ab
K1 0.18 def 0.20 b 0.29 ab 0.26a 0,10 bed 0.07 a
6] 0.20 bedef 0.56 ab 0,45 a 0.30 a 0,10 bed 0.07 ab
K3 0.20 bedef 0.66 ab 0.12 ab 0.23 a 0,09 cd 0.06 bed
P 0.23 abed O.4s ab 0,08 ab 0,29 a 0.14 a 0.06 Dbed
PKy 0.26 a 0.48 ab 0.27 ab 0.25a 0.12 abe 0.06 bed
PKp 0.24 abe 0.92 ab 0,02 b 0.24a 0.11 abe 0,05 bed
PK3 0.22 abcde 0.75ab 0.02 b 0.28a 0.06 o 0.06 bed
Ca 0.18 def 0.29 ab 0.07 ab 0.3%4a 0.11 abc 0,07 adb
CaKy 0.19 cdef 0.70 ab 0.03 b 0.29a 0.11 abc 0.05 cd
CaKz 0.15 £ 0.76 ab 0.04 ab 0,24 a 0.08 de 0.05 cd
Cak3 0.17 ef 0.92 ab 0.06 ab 0.21 a 0,05 e 0.06 bed
CaP 0.22 abcde 0.40 ab 0.08 ab 0.32 a 0.13 adb 0,06 bed
CaPKy 0.25 ab 0.52 ab 0.05ab 0.29a 0,12 abec 0.05 d
CaPK2 0.25 ab 1.05 a 0.11 ab 0.25a 0410 bed 0.05 ed
CaPK3 0.20 bedef 0.9 ab 0,10 ab 0.2k a 0,07 de 0.06 be
1. Treatment levels as mg/Kg soil: K; = 200, Kz = 400, K3 = 600

as KCl; P = 200 as Ca(HpPOy)ps With Ca = 6 meq/100 g s0il
as CaCO3.

2, Figures are means of two reps with 5 plants/culture.

Cations are given as %.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.
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TABLE XXXII1

EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA, CON NODULS
CRGANELLE COMPOSITION OF AUSTRIAN WINTER PEA,
SERIES III

Treat-
mentl Nodule Organelle Composition2

P K Ca Mg Na Fe
0 0,26 def 0.0l ¢ 0.20 ab 0.37 ab 0.61 abe 0.07 abe
Ky 0.24 £ 0.10 ¢ 0.28 ab 0,35 abe 0.57 abcde 0.09 a
K> 0,27 cdef 0.16 bc 0.39 a 0.39 a 0.56 abcde 0,08 abe
K3 0.29 cdef 0.37 ab 0.21 ab 0,32 bede 0.53 bede 0.08 abe
P 0.29 cdef 0.01 ¢ 0.17 b 0,40 a 0.67 ab 0.08 abe
PK3 0.30 bede 0.14 be 0.18 ab 0.32 bede 0.61 abe 0.08 abe
PK3 0.28 cdef 0059 a 0.21 a.b 0126 -] 0031 fg 0.06 Cd
Ca 0.25 ef 0.01 ¢ 0,33 ab 0.39 a 0.67 ab 0.08 abe
Caky 0.28 cdef 0.03 ¢ 0.22 ab 0.35 abe 0.55 bcde 0.06 bed
Cakz 0.30 bcdef O.41 a 0.30 ab 0.35 abe Ot ef 0.07 abe
CaK3 0.27 cdef 0,46 a 0.32 ab 0,27 de 0.28 g 0.08 abe
CaP 024 £ 0.01 ¢ 0.21 ab 0.30 cde 0.58 abed Q.04 4
CaPKy 0.38 a 0.08 ¢ 0.23 ab 0,35 abe 0.70 a 0.08 abe
CaPK3 0.32 Dbed 0.5% a 0.25 ab 0.33 abede 0.45 de 0.09 a

1. Treatments as mg/Kg soil: Ky = 200, Kp = 400, K3 = 600 as KCl;
P = 200 as Ca(HpPOy)2; with Ca = 6 meq%loo g soil as CaCO3.

2. Figures are means of two reps with 5 plants/culture.
Cations are given as %.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.
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The effects of K levels {Ca and P levels pooled) are presented in
Table XXXIV. K applications significantly increased top and nodule
weights, the K content of all nodule compositions, plus the P content of
nodule organelles, The effects of Ca and P (X levels pooled) are given
in Tables XXXV and XXXVI. P significantly increased top weight and nodu-
lation plus the P content of all three nodule compositions, as well as
whole nodule and cytosol Na contents. Significant decreases resulted
tor cytosol Fe and nodule organelle Ca and Mg contents. In this series
Ca generally decreased top growth, whole nodule and organelle Na content,
and cytosol Fe, with the only increase shown for whole nodule Ca.

Comparisons for the K level responses, with and without P and Ca,
are shown in Tables XXXVII to XL, including significant interactions.

K treatments significantly affected top weight, nodulation, whole nodule
K, Mg, Na, and Fe content, nodule cytosol K and Na, plus nodule organelle
P, X, Mg, and Na compositions. P treatments significantly atfected top
weight; nodulation, whole nodule P, Ca, and Na content, nodule cytosol

P, Na, and Fe, plus nodule organelle P, Ca, and Mg compositions. Ca
treatments significantly affected top growth, whole nodule Ca and Na
content, cytosol Fe, as well as the Na composition of nodule organelles.
The CaxP interaction was significantly observed in nodulation and whole
nodule Mg and Na. CaxK also significantly affected whole nodule Mg and
Na as well as cytosol e and organelle P and rfe contents. PxK affected
nodule weight, whole nodule and organelle Na, and organelle P compositions.
Apparent CaxPxK interactions were significant for Na content of all
nodule compositions, whole nodule and organelle Fe, plus nodule organelle
Y¥g content. It was observed that whole nodule Na was significantly af-

fected not only by the addition of all three plant nutrients used in this



TABLE XXXIV

EFFECTS OF K LEVELS ON GROWTH, NODULATION, NITROGENASE
(CgHz REDUCTION), AND NODULE COMPOSITION OF
AUSTRIAN WINTER PEA, SERIES III

Parametersl K Treatment?
0 K4 K2 K3
Top Wt 4,45 ¢ 4,92 ab 4,76 ve 5.28 a
Top In 116.6 a 119.1 a 117.7 a 122.9 a
Rt Wt 1.17 a 1,37 a 1.33 a 1.29 a
Nod Wt 1,699 b 1.811 b 1.801 v 2,039 a
Nod No 365 b 340 b 371 b 452 a
Nase 32.1 ab 16.5 b 61.2 a 21.1 ©
whole Nodule
P 0.50 a O.44 a 0.44 a 0.54 a
K 0.75 ¢ 0.84 ¢ 1.32 v 1,80 a
Ca 0.58 a 0.52 a 0.50 a 0.53 a
Mg 0.61 a 0.53 b 0.49 bve 0.4 ¢
Na 1.93 a 1.84 a 1,36 v l.11 ¢
Fe 0,14 a 0.13 ab 0.12 b 0.14 a
Nodule Cytosol
P 0420 a 0.22 a 0.21 a 0.20 a
K 0.35 b 0.“7 ab 0082 a 0.82 a
Ca 0,08 a 0.16 a 0.15 a 0.07 a
Mg 0,30 a 0.27 a 0.26 a 0.24 a
Na 0.12 a 011 a 0-09 b 0007 [
Fe 0.06 a 0.06 a 0.05 b 0.06 a
Nodule Organelles
P 0.26 b 0030 a 0.30 a 0.29 a
K 0.01 ¢ 0.06 ¢ 0.26 b 0.49 a
Ca 0.22 a 0.23 a 0.28 a 0.24 a
Mg 0.36 a 0,34 a 0.34% a 0.29 b
Na 0.63 a 0463 a 0.52 b 0.39 ¢
Fe 0,07 a 0.08 a 0.08 a 0.08 a

1. Refer to Tables XXX to XXXIII for description of variables.

2. Treatment levels as mg K/Kg soil: Kq = 200, Kz = 400, Ky = 600
as KCl., Ca and P levels pooled.
Figures are means of 12 observations, except nodule compositions =
8 observations, with 5 plants/culture,
Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.



TABLE XXXV

EFFECTS OF CA AND P LEVELS ON GROWTH, NODULATION, NITROGENASE

(CoHp REDUCTION), AND WHOLE NODULE COMPOSITION OF

AUSTRIAN WINTER PEA, SERIES III

Parameter Treatmentl
Ca P
Top Wt with 4.41 b 5.33 a
(g dry) without 5.28 a 4,37 b
Top Ln with 113.5 b 121.2 a
(em) without 124.6 a 116.9 a
Rt Wt with 1.30 a 1.26 a
(g dry) _without 1,27 a 1.35 a
Nod Wt with 1.789 a 2,117 a
(g fresh) without 1.386 a 1.558 b
Nod No with 379 a 432 a
(nodules/plant) without 384 a 331 b
Nase (umol with 39.6 a 33.1 a
CzHy/culture/hr) without 25.8 a 32,3 a
Whole Nodule
P (%) with Oou? a 0.53 a
without 0,50 a 0.43 b
K (%) with 1.17 a 1.17 a
without 1.19 a 1.19 a
Ca (%) with 0.60 a 0.50 b
without 0.46 b 0.57 a
Mg (%) with 0.52 a 0.51 a
without 0,52 a 0.53 a
Na (%) with 1.50 b 1.63 a
without 1.63 a 1.49 b
Fe (%) with 0.13 a 0.13 a
without 0.13 a 0.13 a

1.

Treatment levels: P = 200 mg P/Kg soil as Ca(HpPQ,)z; Ca = 6

meq/100 g soil as CaC03.

K levels pooled,

Figures are means of 24 observations, except nodule compositions =
16 observations, with 5 plants/culture.

Means followed by same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level,

Abbreviations are Wt = Weight, Ln = Length, Kt = root, Nod =
Nodule, No = Number, Nase = Nitrogenase.
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TABLE XXXVI

EFFECTS OF CA AND P LEVELS ON NODULE CYTOSOL AND ORGANELLE
COMPOSITIONS OF AUSTRIAN WINTER PEA, SERIES III

Composition Treatmentl
Ca P
Nodule Cytosol
P (%) with 0.20 a 0.23 a
without 0.21 a 0.18 b
K (%) with 0.70 a 0.69 a
without 0.54 3 0.55 a
Ca (%) with 0.07 a 0.09 a
without 0.17 a 0.14 a
Mg (%) with 0.27 a 0.27 a
without 0.26 a 0426 a
Na (%) with 0.09 a 0.10 a
without 0,10 a 0,09 b
Fe (%) with 0.05 b 0.05 b
without 0,06 a 0.06 a
Nodule Organelles
P (%) with 0.29 a 0.31 a
without 0,28 a 0.27 b
K (%) with 0.23 a 0.22 a
without 0,18 a 0,19 a
Ca (%) with 0,26 a 0.21 b
without 0,23 a 0.28 a
Hg (%) with 0.33 a 0.32 b
without 0.34 a 0.35 a
Na (%) with 0.52 b 0.56 a
without 0.57 a 0,52 a
Fe (%) with 0.07 a 0.08 a
without 0.08 a 0.08 a
1., Treatment levels: P =200 mg P/Kg soil as Ca(HPOy)p; Ca = 6

meq/100 g soil as CaC03. K levels pooled.

Figures are means of 16 observations with 5 plants/culture.

Means followed by the same letter are not significantly different
according to Duncan's Multiple Range analysis at the 0.05 level.
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TABLE XXXVII

COMPARISONS FOR EFFECTS OF K LeVELS, WITH AND WITHOUT P AND CA,
ON GROWTH, NODULATION, AND NITROGENASE (CoHp REDUGTION)

OF AUSTRIAN WINTER PEA, SERIES III

Combination Treatment

Parameter Treatment K Levels! Effect?
° K Kk K

0 4,60 4.87 U4.53 5.00 Ca *%»
Top Wt P 4,63 6413 6420 6430 P #xx
(g dry) Ca 3¢90 3493 3.50 4,60 K **

CaP 4,67 4.73 4.80 5.20

0 117.7 119.4 124.,9 127.0 GCa ***
Top ILn P 124.5 128.3 129,1 125.7
(em) Ca 110.5 117.3 102.7 115.6

CaP 113.9 111.3 113.9 123.2

0 1.27 1,53 1.50 1.13
Rt Wt P 0.80 1.23 1.30 1.40
(g dry) Ca 1.40 1.43 1.27 1.27

CaP 1,20 1.27 1.23 1.37

0 1.285 1,326 1.398 1.872 P #*¥»
Nod Wt P 2.236 2,449 2.322 2,198 K **
(g fresh) Ca 1,564 1,523 1.521 1.974 Caxp ##*

CaP 1,713 1.948 1.963 2,110 KxP *

0 309 339 248 311 P *wx
Nod No P 345 384 488 650 K *
(nodules/culture) Ca 378 303 365 397 CaxP *

CcaP 427 334 383 449

0 703 6.3 52-0 8.7
Nase (umol/ P 48,0 11.7 63.3 9.0
culture/hr) Ca 38.3 20,3 91.7 33.7

Cap 34,7 27.7 37.7 33.0
1. Refer to Tables XXX to XXXIII for treatment levels and description

2.

of variables,

Figures are means of three reps with 5 plants/culture,

*, **, %*x%x Jevel of significant differences at P < 0.05, 0.01 and

0.001 respectively,
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TABLE XXXVIII

COMPARISONS FOR EfFECTIS OF K LEVELS, WITH AND WITHOUT P AND CA,
ON WHOLE NODULE COMPOSITION OF AUSTRIAN WINTZR PEA,

SERIES III
Whole
Nodule Combination Ireatment
Composition Treatmentl X Levelsl Effect?
0 Kq K2 K3
P (%) 0 0.52 0.28 0.44 0.57 P *x
P 0.52 0.59 0.52 0.55
Ca 044 0.44 0.36 Ooui
CaP 053 Q.47 0.46 0464
X (%) 0 0.89 0.82 1.31 1.97 K e*x
P 0.82 0.94 1.12 1.69
Ca 0.52 0.83 1.40 1.81
CaP 0.80 0.78 1.45 1.75
Ca (%) 0 0.55 047 0,46 0.48 Ca **%
P 0.45 0.45 0.42 0.43 P *
Ca 0.74 0.61 0.56 0.70
CaP 0,60 0.57 0.55 0.52
Mg (%) 0 0.69 0.59 0.52 046 K %xx
P 0.65 0.48 0.48 0.32 Caxp **
Ca 0.54 0.53 0.48 0.46 CaxK *#*
CaP 0.58 0.54 0.50 0.52
Ca ¥* %
Na (%) 0 1.77 1.98 1.42 1.32 P #% K *xx»
P 2,04 1.90 1.77 0.81 Caxp **
Ca 1.72 1.63 1.01 1.05 CaxK #%
CaP 2.21 1.87 1.25 1.26 PxK »*
CaxPxK *
Fe (%) 0 0.14 0.12 Oe11 0.16
P 0.14 0.15 0.13 0.11 K *
Ca 0.14 0.13 0.12 0.15 CaxpPxK *
CaP 0.13 0.12 0.1t 0.15

1. Refer to Tables XXX to XXXIII for treatment levels,
Figures are means of two reps with 5 plants/culture,

2, *, %% %% Igvel of significant differences at P { 0.05, 0.01 and
0.001 respectively.



TABLE XXXIX

COMPARISONS FOR EFFECTS OF K LsVELS, WITH AND WITHOUT P AND CA,
ON NCDULE CYTOSOL COMPCSITION CF AUSTRIAN WINTER PEA,

SERIBES III
Nodule
Cytosol Combination Treatment
Composition Treatment! K Levelsl Eftect?
0 Ky Kz &3
P (%) 0 0.18 0.18 0.20 0.20 P *%x
P 0.23 0.26 0.24 0.22
Ca 0.18 0.19 0.15 0.17
CaP 0.22 0.25 0.25 0.20
K (%) 0 0.28 0.20 0.56 0.66 K *
P 0.44 0.48 0.92 0.75
Ca 0.29 0.70 0.76 0.92
CaP 0.40 0.52 1.05 0.9
Ca (%) 0 0.11 0.29 0.45 0.12
P 0.08 0.27 0.02 0.02
Ca 0.07 0.03 0.04 0.06
CaP 0.08 0.05 0.11 0.10
Mg (%) 0 0.26 0.26 0.30 0.23
P 0.29 0.25 0.24 0.28
Ca 0.34 0.29 0.24 0.21
CaP 0.32 0.29 0.25 0.24
Na (%) 0 0.09 0.10 0.10 0.09 P **
P 0.14 0.12 0.11 0.06 K *ex
Ca 0.11 0.11 0.08 0.05 CaxPxK *
CaP 0.13 0.12 0.10 0.07
Fe (%) 0 0.07 0.07 0.07 0.06 Ca **
P 0.06 0.06 0.05 0.06 P o*x
Ca 0.07 0.05 0.05 0.06 CaxK *
CaP 0.06 0.05 0.05 0.06

1. Refer to Tables XXX to XXXIII for treatment levels,
Figures are means of two reps with 5 plants/culture.

2, *, **, *xx Lgvel of significant differences at P < 0.05, 0,01 and
0.001 respectively.



TABLE XL

COMPARISONS FOR EFFECTS OF K LEVELS, WITH AND WITHOUT P AND CA,
ON NODULE CRGANZLLE COMPOSITION CF AUSTRIAN WINTER PEA,

SERIES III

Nodule
Crganelle Combination Treatment
Composition Treatmentl K Levelsl Eftfect?
0 K1 K2 K3
P (%) 0 0.26 0.24 0.27 0.29 P #x
P 0.29 0.33 0.30 0.28 K %%
Ca 0.25 0.28 0.30 0.27 CaxK *
CaP 0.24 0.38 0.35 0.32 PxK *
K (%) 0 0.01 0.10 0.16 0.37 K *ex
P 0.01 0.06 0.14 0.59
Ca 0.01 0.03 0.41 0.46
CaP 0.01 0.08 0.35 0.54
Ca (%) 0 0.20 0,28 0.39 0.21 P *
P 0.17 0.18 0.18 0.21
Ca 0.33 0.22 0.30 0.32
CaP 0.21 0.23 0.24 0.25
Mg (%) 0 0.37 0.35 0.39 0.32 P *
P 0.40 0.33 0.32 0.26 K **
Ca 0.39 0.35 0.35 0.27 CaxPxK **
CaP 0.30 0.35 0.30 0.33
Na (%) 0 0.61 0.57 0.56 0.53 Ca *
P 0.67 0.70 0.61 0.31 K *%%
Ca 0.67 0.55 0.44 0.28 PxK *
CaP 0.58 0.70 0.49 0.45 CaxPxK **
Fe (%) 0 0.07 0.09 0.08 0.08 CaxK *
P 0.08 0.09 0.08 0.06 CaxPxK **
Ca 0.08 0.06 0.07 - 0.08
cap 0.04 0.08 0.09 0.09
l. Refer to Tables XX{ to XXXIII for treatment levels.

Figures are means of two reps with 5 plants/culture.

*, %%, *¥x Javel of significant differences at P < 0.05, 0.01 and

0.001 respectively.
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- study but also that every interaction combination possible was signifi-
cantly apparent with this parameter,

The significant correlations for Series III are shown in Tables XLI
and XLII, and only the significant correlations are discussed., Top weight
gave significant and positive correlations with top length and nodulation
parameters, but not with root growth or nitrogenase. Both top growth
parameters were positively correlated with cytosol P, but negatively with
nodule organelle Ca. In addition, top weight was negatively correlated
with Mg in the nodule organelles. Nodule weight was correlated positively
with top growth, nodule number, and the P content of both nodule cytosol
and organelle compositions., Negative correlations were given for nodule
weight with cytosol Fe and nodule organelle Ca. Both nodulation para-
meters were negatively correlated with Mg content of the nodule organelles.
Additionally, nodule number was positively correlated with the K content
of both the cytoscl and organelle nodule compositions. No significant
correlations were demonstrated for root welght, nitrogenase, or cytoscl
Ca with any of the variables measured in this series,

The correlation between whole nodule P with top and nodule weights
can be broken down by comparison with the cytosol and organelle fractions
to indiéate that top weight appeared to be related to P in the cytosol,
while nodule weight appeared to be related tc¢ both the cytosol and or-
ganelle fractions. Also the negative whole nodule Ca correlations with
top growth can be shown to be related to the nodule organelles as was the
relationship between nodulation and dg content. =xcept for Fe and Ca, a
cation in one nodule fraction was generally correlated with the same cat-
lon in the other nodule compesitions., In all three nodule fractions Mg

was positively correlated with Na, but X was negatively correlated with



TABLE XLI

CORRELATIONS AMONG GROWTH AND NCDULE PARAMETZRS FOR GROWTH,
NODULATION, AND WHOLE NODULE COMPOSITION OF AUSTRIAN
WINTER PEA, SERIES III?

Top Top Nod Nod Whole Nodule Composition
Wi In Wt No P K Ca Mg Na Fe
Top Wt 069 .68 050 041 ‘.37
%33 ¥* %% ¥ * *
Top In -.35
¥*
Nod Wt
Nod No
Whole Nodule
P «56
3%
K '075
¥* %%
Mg .65
Nodule Cytosol *x%
P 59 39 .58 41 -.36
3% %% * #%% * *
K 0)4'2 050 ’-37 "053
* #% %* *¥
Mg - .47
*%
Na; ‘071 052 080
* 3% % *% 3% H
Fe - 038
Nodule Organelles *
P R4
*%
K 138 084 '.65 ".85
* * %% * %% *H ¥
Ca “'t% '.38 ’.]44 --38
9 * ¥** *
Mg "n38 ‘uul -.14'2 ‘.48 |63 038
¥* * * *% %* %% *
Na -.72 56 .79
W% * %% ¥ 9%

1. Figures are correlation coefficients based on 48 observationms,
except nodule compositions = 32 observations, with 5 plants/culture,
*, *%, *** Level of significance for P ¢ 0.05, 0.01 and 0.001

respectively.

Refer to Tables XXX to XXXIII for treatment levels and description

of variables,
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TABLZ XLII

CORRELATIONS AMONG GROWTH AND NODULE PARAMETERS FOR NODULE
CYTOSOL AND ORGANELLE COMPOSITIONS OF AUSTRIAN
WINTER PEA, SERIES III!

Composition
Nodule Cytosol Nodule Crganelles
P K Mg Na Fe P K Ca Mg Na [e
TOp U‘t 059 -.% -.38
% ¥* % ¥*
Top Ln <39 -.38
* *
NOd wt 058 ’038 04’? —.44 -541
%* 3% * ¥* % %% *
NOd NO .42 038 '042
Whole Nodule * * *
P .41 ‘.38
* *
K '50 'nu? "071 084 -.‘48 ‘-72
*¥% %% 3% %% %% ¥* % +* %%
Ca ‘.36
*
Mg -.37 .52 ‘065 563 '56
* * % ¥* % ¥ ¥ %%
Na -053 180 ‘085 038 079
Nodule Cytosol *% * %% XK S
P .38 «53 -1
¥* * % %*
K «50 -.40
*% ¥*
Ca .38
*
Mg - 34 «38
* *
Na "’085 042 088
* 3% * %* %%
Fe ‘055
Nedule Organelles Ralald
K -.51 -.83
¥*% ¥* %%
Mg .61
- * %%

1, Figures are correlation coefficients based on 48 observations,
except nodule compositions = 32 observations, with 5 plants/culture.
*, *%, *xx Jevel of significance for P < 0.05, 0.01, and 0,001
respectively.
Refer to Tables XXX to XXXIII for treatment levels and description
of variables.



60

Mg and Na. In addition whole nodule P was positively correlated with
whole nodule Fe and cytosol P, and negatively with Ca content of the
nodule organelles. Cytosol P was positively correlated with both top
growth parameters, nodule weight, and cytosol Na, while cytosol K con-
tent was positively correlated with nodule number and negatively with
cytosol Fe. Cytosol Ca was correlated significantly only with Fe con-
tent of the nodule organelles, and cytosol Na was positively correlated
with cytosol P, Cytosol Fe gave only significant negative correlations
and these were with nodule weight, cytosol K, and organelle P contents.
In the nodule organelle fraction P correlated positively with nodule
weight, but negatively with cytosol Fe., Organelle K content was posi-
tively correlated with nodule number. Ca gave negative correlations with
top growth, nodule weight, and cytosol P content. Mg was somewhat simi-
lar here in that it was also negatively correlated with top weight and
nodulation, Mg was similar to the K content in that it too was correlated
with the Mg and Na nodule compositions but positively rather than nega-
tively. COrganelle Fe content was only correlated significantly with Ca

in the cytosol.



CHAPTER V

SUMMARY AND CONCLUSIONS

Austrian winter peas, in symblotic association with Rhizobium legumin-

osarum (Frank), can utilize atmospheric nitrogen to supply important and
needed sources of protein for human and livestock nutrition. This crop
may provide significant contributions to various forage and soil manage-
ment programs for efficient agricultural production in many areas through-
out the world., Field peas can be grown with small grains or other crops
for hay, pasture, or silage. They can be planted for dry pea production
and commercially used in the split-pea market or be exported to other
countries. An Paste is a sweet, high-protein filling used by the Japanese
with cookies, crackers, and other pastries which has provided a major
market for nearly 80% of the dry Austrian winter peas grown in the United
States. Field peas can also be used as a cover crop to reduce soil ero-
sion, as a green manure crop to add nitrogen and organic matter to the
soil, and be utilized in other crop rotations for soil improvement and
pest control.

These experiments were designed to determine the effects of X levels,
with and without P and Ca, in factorial combinations on various aspects
of the legume, Austrian winter pea. The plants in these studies were
harvested by first removing the top growth. The root-nodule systems were
then gently and quickly rinsed and blotted to remove the soil and excess

water prior to being placed in clear glass serum bottles, sSamples of
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5 cc were collected after 60 and 90 min to be analyzed for acetylene
reduction to ethylene by gas chromatography in order to estimate the
activity of the nitrogenase enzyme. The nodules were then removed from
the root system, counted, weighed, and analyzed for P, K, Ca, Mg, Na,

and Fe composition in the whole nodule, nodule cell-free extract (cytosol),
and ncdule organelle extract for each treatment by nitric-perchlorié di-
gestion. The cytosol and organelle compositions were obtained by refri-
gerated sonification and centrifugation prior to the digestion procedures.
The results of these experimentg Wwere analyzed with the Statistical
Analysis System to determine significant treatment effects, interactions,
and correlations among the variables measured in this study.

Top growth in these experiments was consistently reduced by appli-
cations of Ca in all three series. Application of P increased top growth
significantly except in Series I. K applications did not generally affect
top growth significantly except for an increase in Series III. Root
growth was significantly reduced by applied P in sSeries I and II. Ca
applications increased root growth in Series I, but was decreased in
Series 1II, while K reduced root growth only in Series I, Nodulation was
reduced by both Ca and K applications except for an increase due to applied
K in Series III. The application of P increased nodulation in Series II
and III, however, it was reduced in Series I. A significant CaxP inter-
action was apparent for both nodule weight and number., Nitrogenase acti-
vity was not significantly enhanced by the addition of plant nutrients
in this study, but rather was inhibited by K treatments in Series I.

In the nodule composition analysis, the addition of a plant nutrient
generally increased the nodule content of that ion throughout these experi-

ments., It was observed that the analysis of the whole nodule composition
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often reflected the significant effects that occurred in the nodule cyto-
sol or organelle compositions or both. The addition of Ca and K signi-
ficantly increased the P content of nodule organelles in Series II and III
respectively. When Ca was applied, the K content of the cytosol increased
in Series II. The addition of P decreased the Ca content of nodule or-
ganelles and a similar response was noted for X applications in Series II.
Ca additions increased the lig content of the organelles in Series II,
while P reduced the Mg content of this fraction in Series III, and K re-
duced it in both Series II and III. No significant effects were observed
with cytosol Mg for any of the plant nutrients in this study. Ca appli-
cations reduced the Na content of the nodule organelles in Series III and
applied K levels significantly reduced the Na content of all nodule com=-
positions consistently. Also, applied P increased the Na content of the
cytosol in Series III. Applied Ca and X significantly decreased the Fe
content of the cytosol and whole nodule fractions respectively in series
III. Zvery possible interaction combination was significantly observed
for nodule organelle Fe in Series II and for whole nodule Na in Series III.
Significant correlations were used for verification of trends that
were observed in these studies. Top growth was significantly correlated
with root growth except in Series III. Nitrogenase was positively corre-
lated with top growth in Series I. In the nodule compositions, top growth
was shown to be positively correlated with the Mg content of the nodules
in Series II. This may possibly reflect the role of Mg either in the
chlorophyll molecule or in nodule enzymatic reactions involving ATP
(adenosine triphosphate) (Salisbury and Ross, 1978). However, in 3Series
I1I, a negative correlation was observed between top weight and Mg in the

nedule organelles. The P and Ca contents of the nodules were positively
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and negatively correlated with top growth respectively., 3Series III sug-
gested that top weight may be related to nodule cytosol P and organelle
Ca. Top growth was also significantly correlated with nodulation. OSeries
II indicated that root growth was positively correlated with Mg, but nega-
tive correlations were given for Series I. Negative correlations were
also apparent for organelle Mg with whole nodule and cytosol K content

in Series II. ANodulation was positively correlated with the ? and K
contents of the nodule cytosol and organelles in Series II, and was nega-
tively correlated with Ca and Mg content of the nodules, however, positive
and negative correlations were shown with nodule Fe content in Series II
and III respectively., Nitrogenase was negatively correlated with root
growth in Series II. 3Both Series I and II gave positive correlations

for nitrogenase by nodulation, Positive correlations were also noted

for nitrogenase x cytosol Fe and nltrogenase x K content of the nodule
compositions in Series II along with negative correlations for Mg and Na.
Correlations among the nodule cations themselves indicated that a cation
in one fraction was usually significantly correlated with the same cation
in the other nodule fractions. Positive relationships were observed not
only for P x K but also for Mg x Na whereas, negative correlations were
given for K x Mg and a consistent, highly negative inverse relationship
was demonstrated for K x Na as has been observed in other legumes (Lynd

et al., 1981).

The general requirements for the nutrients K, P, and Ca applied in
these greenhouse studies for legumes are well recognized. However, it is
also known that young seedlings depend on nutrients stored in the seed
for survival until they can become established and are mature enough to

depend on their own photosynthetic capabilities. The field pea responses
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to these soil fertility treatments may be explained in that these treat-
ments could have disrupted or caused an unfavorable imbalance in the
normal seedling metabolism. Cotyledon weight decreases with age and
when their reserves are exhausted, the seedlings are then more dependent
on the fertility of their edaphic environment. It is logical that the
limiting influence of any essential nutrients that are deficient becomes
apparent at that time. It is presumptive that incorporation of high
levels of fertilizer prior to sowing may sometimes result in less than
optimum plant growth for fleld peas grown under conditions similar to
these experiments. Other fertilization methods, such as topdressing
after stand establishment, may result in improved growth and yield of
field peas without inhibition during critical stages of germination and

vigorous stand establishment.
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