SOIL FERTILITY EFFECTS GOVERNING GROWTH

AND NODULE PARAMETERS AT ANTHESIS OF TWO WINGED BEAN CULTIVARS
‘ WITH A TYPIC EUTRUSTOX'
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ABSTRACT - Winged Bean cultivars, Tinge WB-21-8 and Siempre WB-12-11, were grown with
complete factorial soil fertility experiments for P, K, Ca, Mg, and S combinations cn a Typic
Eutrustox (dark-red latosol) from Central Brazil. Nitrogenase (C:H; reduction), growth, and
associated nodule enzyme parameters and composition were determined at anthesis. Highly

“significant increases in nitrogenase activity levels resulted with applied P and K for both
cultivars with significant increases for Ca additions, Growth, nodulation and cytosol enzyme
activity levels of GOT, GDH, GS and GOGAT all increased significantly with applied P,.wlih
the exception of GDH to applied K. a KG was increased to highly significant levels with K
treatment. Cytosol composition was increased significantly for each plant nutrient element
contained in the treatment combinations. Highly significant inverse retroversion existec_i forK
and Na. Na was negatively correlated with every parameter determined in these studies for
both cultivars. Practical application of these data include the requirement for adequate
available so0il K and P for increased symbiotic N fixation and NH." incorporation into amino
acid components of the host legume symbiont: :

Index terms: Psophocerpus tetragonolobus, nitrogenase, symbiotic nitrogen fixation, tropical
edible legume.

EFEITOS DA FERTILIDADE DO SOLO NO CRESCIMENTO E PARAMETROS
NODULARES DURANTE A ANTESE.EM DUAS CULTIVARES DE FEIJAD-ALADO
) COM UM TYPIC EUTRUSTOX

RESUMO - Duas cultivares de feijao-alado, Tinge WB-21-8 e Siempre WB-12-11, foram cultiva-
das num Typic Eutrustox {Latossolo Vermelho-Escuro) do Brasil Central, recebendo tratamen-
tos de P, K, Ca, Mg e S em combinag¢des como um fatorial completo, Durante a antese, foram de-
terminados a atividade da nitrogenase (redugio de C:H:). o crescimento das plantas, os para-
metros enzimaticos dos nédulos, bem ¢omo a sua composi¢cdo mineral. Aumentos altamente
significativos na atividade da nitrogenase ocorreram com aplicag3o de P e K em ambas as cul-
tivares, com aumento significativo para a adi¢3o de Ca. O crescimento das plantas, a nodula-
cdo e os niveis de atividade enzimatica no citosol para GOT. GDH, GS e GOGAT aumentaram
significativamente com aplicagdo de P, e com excecdo do GDH, com aplicagdo de K. Ocorreu
um aumento altamente significativo na concentracdo de aKG quando houve aplicagdo de K. A
composi¢do mineral do citesol do nédulo aumentou significativamente para cada nutriente
contido nas combinagdes de tratamento de fertilidade de solo. Uma correlacio negativa alta-
mente significativa existiu entre K e Na. Em ambas cultivares, ¢ Na se correlacionou negati-
vamente com cada parametro estudado neste trabalho. A aplicagio prética destes dados, indi-
ca a necessidade de niveis adequados de P e K no solo para se aumentar a fixac3o biolégica de N
€ a incorporacdo de NH.*em amincdcidos no macrosimbionte.

Termos para indexac3o: Psophocarpus tetragonolobus, nitrogenase, fixagao simbidtica de nitrogé-
nio, leguminosa tropical. .
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The great potential of the winged bean, (#sophocar-
pus tetragonolobus (L.) DC), is certainly enhanced by
profuse nodulation with concomitant exceptionally
high levels of nitrogen fixation (Harding et al. 1978,
Hymowitz & Boyd 1977 and Masefield 1961). Howev-
er, aoil environmental factors "govern the effec.
tiveness of 'thesé 'eminént symbiotic ' microbial
phenomena. Adaptation and improved productivity
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of this legume are usually dependent upon surmount-
ing many edaphic soil limitations. Some natural
restraints are apparent with the diversity 'a'rﬁb‘ng the
Ultisol and Oxisol {Latosol) soil orders that comprise
the vast humid tropical regions of the world. Fortu-
nately, a number of intrinsic soil properties are
diagnostic criteria for soil management and fertiliza-
tion to attain improved productivity of specifie sites.
Few have been studied for winged bean eulture with
enhanced symbiotic nitrogen fixation, ) ‘
The s0il used in this study was a Typic Eutrustox

(dark-red latosol) of Jaiba, Minas Gerais, Brazil. In .

common with other soils of thetropics that arehighly
weathered, acidic, clayey and subjected to intensive
leaching, the humified soil organic matter compo-
nent provides a principal repository for essential
plant nutrients, Thus, the continuous, dynamic bio-
sequences of immobilization and mineralization
reactions within the soil epipedon are dominant for
soil fertility and essential to sustained productivity.
The humus fraction ameliorates the detrimental
influences of hydrous oxides of iron and aluminum,
high phosphorus fixation, low base cation levels,
unfavorable physical structure and low moisture
helding capacity. Costly erosion losses of humus and
surface soil result from intense, torrential rainfall.

The objective of this research was to determine the -

influence of the principal seil basic cations, K, Ca,
and Mg, applied in factorial combinations with P and
8 as soil amendments in a Typic Eutrustox.
This paper reports results from a four-year experi-
ment with two winged bean cultivars, WB-21-8 Tinge
and WB-12-11 Siempre, including interactions with
growth, nodulation, nitrogenase (C:H, reduction),
associated nodule cytosol enzyme activity levels and
composition at -anthesis. Treatment effects on seed
pod and tuber yield during two-wear growth periods
as a perennial will be reported in a separate paper.

MATERIALS AND METHODS

Seed of the winged bean cultivars, WB-12-11
Siempre and WB-21-8 Tinge, both originally from
Nigeria, were obtained from the Mayaquez Institute
of Tropical Agriculture, Puerto Rico (Fig. 1). Indi-
vidual plants were container grown in order to
recover the entire root and nodule system. Each pot
culture was inuculated ac planting with 3 ml of RéAi:
zobium leguminosarum cultured from nodules of
Strophostyles  sp. with liquid media containing
more than 107 viable cells ml”. . - . ..

All experiments. utilized a randomized block
design with 32 fertiljty treatments ‘in three repli-
cations as complete 2* factorial using P, K, Ca, Mg,
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"Obvious contrasting characteristics of the two

winged bean cultivars, Siempre WB-12-11 and
Tinge WB-12-8, include seed color and size
{above). Siempre seed pods are long, straight,
15 to 20 cm length, 16 to 24 seeds per pod.
Tinge seeds pods are relatively short (810 12.ecm
length)_with a more flattened shape, 8 to 14
seeds per pod. Both cultivars eriginated from
Nigeria.

and S combinations. ‘Each cultivar experiment was
repeated three times. ‘ '

This paper reports plant responsé to soil fercilicy
treatments at peak nitrogenase activity levels occur-
ring at anthesis, approximately at 70-day age from
seed emergence. ‘

* The soil used in these studies was the epipedon, 20
cm depth, of a dark-red latosol, (Typic Eutrustox,
isohyperthermic, fine, kaolinitic), from Jaiba, Mi-
nas’ Gerais, Brazil. Complete analyses, soil proper-
ties, and mineralogical characterization have been
previously reported. (Empresa de Pesquisa Agrope-
cuiria de Minas Gerais, MG, 1976, Purcino 1980).

"The soil pH was 6.1, 3.3%¢ O.M.,, cation exchange

capacity 25.4 mEq/100 g with exchangeable cations
as mEq/100 g G2 2.5, K 138, Mg™ 2.5, K™ 0.4, Na' 001,
available P (Bray ext.) 7.5 ppm, Fe 680.0 ppm, Mn
208.0 ppm, Zn 1.0 ppm, SQs and AI™ < 1.0 ppm
with sand 24.5%, silt 19.5%, clay 56.0%.

In common with most heavy clayey tropical soils,
an irreversible destruction of their narurzl granular
structure results with soil displacement from the
natural field site and with the ensuing mixing and
processing - for pot studies. Massive, brick:like
physical structure usually develops, that is- highly
restrictive for plant groweh.. Dilution with sterile,
sharp, coarse quartz sand to attain a porous, single
grained structure is requisite for optimum root
development and nodulation. Detailed studies for
the determination of optimum soil-sand ratios for
this soil have been reported previously (Purcing
197% ‘and 1980). In this study, the sand dilution 4
sand '+ 1 soil resulted in pot cultres of 11.2% clay
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with a desirable stabilized, porous, single grain
structure.

The soil fertility treacments, sources and plant
nutrient levels included: 50 ppm P (NHJH:PQu), 50
ppm S (Na:SO4),. 6 mEq. C" (CaC0s), 2 mEq.
Mg"™ (MgCl : GHa0), and 2 mEq. K' (KCl). The
base cation ration was

with the base cations expressed as mEq/100 g soil.
Ammonium acetate provided the NHy equivalent to
all pot cultures that did not receive the phosphorus
rreatments as NHsH2POy (2695%. P, 12.17% N). At
harvest, the root-nodule systems were separated,
washed free of soil, blotted with paper toweling to
remove wash-water and placed in serum cap bortles
for nitrogenase (E.C. 1.7.99.2) activity determina-
tions (CH: reduction) (Trinick eta al. 1976).
Approximately one hour was the time lapse from
plant harvest until the initiation of acerylene
incubations.

Acetylene reduction was determined using 0.1
atm CiHz (lab. spec, purified grade, Linde Div.,
Union Carbide, Inc.). Ethylene production during
incubation at 27°C  was determined at 30 min.
intervals with a Perkin Elmer GC 3920 with 1.83 x
3.2 mm Poropak N 80/100 column (Waters/ Assuc.).
The ethylene standard utilized for calibration and
monitoring GC analyses. was the Scott Ev. Tech.
1090 ppm 5% C:Ha/N: (Supelco, Inc.). .

Nodules were picked from the roots and weighed
immediately following the gas chromatography
analyses. Nodule cytosol determinations by the
methods of Vance et al. (1979) were slightly modi-
fied to separate the cell-free nodule extract. Aliquots

of the fresh nodules were crushed within glass tubes

gml (1:10 rado) in 0-5'C buffer, pH 7.41, The
filtered homogenate was subjected to ultrasonic 7.3
pulse frequency in an ice bath for 30 sec. using 2 PT
10 ST Willems Polytron (Brinkman. Instruments,
Incy followed by refrigerated centrifugation at
12 x 10° g for 10 min, The clear, cell-free super-
natant was aseptically transferred to sterile culture
tubes and stored at 0-5°C. Following enzyme and
cytosol component analyses, the residual nodule
extracts were lyophilized for storage preservation
using a Unitrap Model 10-100 (Vids Co).

Enzyme activities determined in the nodule cyro-
sul extract are expressed as International Units (U),
and defined as the amount of enzyme which causes
transformation of 1.0 g mole of specific substrate per
minute determined in 3.0 ml of reaction volume, 1
cm light path, at 27°C,

Enzyme determinations included glutamate-
-oxaloacetate transaminase {GOT) (L-aspartate:
2-oxoglutarate aminotransferase, EC 2.6.1.1)
(Bergmeyer ‘& Bernt 1974), glutamate-pyruvate
transaminase (GPT) (L-alanine: 2-oxoglutarate
aminotransferase, EC 2.6.1.2) (Bergmeyer & Bernt
1974a), gluramate dehydrogenase (GDH) L-glura-
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mate. NAD (P)" oxidoreductase deaminating, EC
1.4.1.3) (Schmide 1974), glutamine synthetase (GS)
(L-glutamate: ammonia ligase, ADP-forming EC
6.3.1.2) (Shapiro & Stadtman 1970), glutamate
synthase (GOGAT) (L-glutamate: NAD(P)" oxi-
doreductase {transaminating), EC 1.4.1.13.

levels of the tricarboxylic acid intermediate,
alpha-ketoglutarate  (aKG) (Z-oxoglutarate), were
determined with the method proposed by Berg-
meyer & Bernt (Bergmeyer & Bernt 1974b), soluble
protein was measured by the Folin phenol reagent
as described by Lowry et al. (Lowry et al. 1951), and
nenstructural  carbohydrate components  with  the
Smith techniques (Smith 1969).

The nodule cytosol components were determined
using a Perkin-Elmer 373 Atomic. Absorption Flame
Spectrophotometer with K, Ca, and Mg in Lantha-
num chloride (0.1 HCD . solution and Na without
the Lanthanum addition. Nonconjugate and inor-
ganic phosphorus were determined with the ascorbic
acid oxidation methud as phosphomolydenum blue,

RESULTS AND DISCUSSION

Summaries of experimental results with the
WB-21-8 Tinge cultivar are presented in Table 1,3and
4. Results with the WB-12-11 Siempre cultivar are
presented in Tables 2, 5 and 6. The composite, com-
parative correlations for both cultivars are presented
in Table 7 and 8.

Most parameters determined for both winged bean
cultivars were significantly influenced by the main
effects of the applied plant nutrient elements. Using
analysis of variance, the null hypothesis (no nutrient
main effect) was rejected for P< .05 levels of
statistical significance. The A effect was defined as
the difference between the mean of 144 pot cultures
for each cultivar treated with a specified nutrient
element and the mean of the other 144 pot cultures of
each cultivar that did not teceive that nutrient. Thus,
the five possible A effects of the mais treatment for
each parameter can be represented as: A effect:
(B, §, Ca, Mg, or B} - (P, S, Ca, Mg, or Kk.

The marked similarity, between the two winged

- bean cultivars for nitrogenase activity levels at
. anthesis with applied soil fertility treatment is il-

lustrated with Tables 1 and 2. Although the magni-
tude in C;H: reduction levels per g fresh nodule was
significantly different between cultivars for most
treatments, the overall response of both to applied
plant niit_rierits was similar. Highly significant
responses resulted with P and K additions,'with a
significant effect for Ca fertilization. However, the
P x K interaction indicated that the K effect was
highest for both cultivars prov_iding phosphorus
wasn’t included. Available soil phopherus is well
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TABLE 1. Effeets of soil fertility trealment cembinations on nodule nitrogenase activity levels (C:11; reduction) at
o anthesis, WB-21-8 Tinge Winged Bean, dark-red latosol {Typic Eutrustox) Jaiha, Minas Gerais, Brazil.

x moles u moles & moles u moles

CH.g b ‘ CH, g ' CH.g™' C:H.g™'
Trt fresh Trt fresh Trt " fresh Trt fresh

nod. he ™! - nod. hr ™! nod. hr ™' nod. hr ™'
0 B X - Mg 116 S 13.0 MgS - 8.7
K - 69.2 KMg 64.9 KS 61.6 KMgS 61.8
Ca 214, . CaMg . 185 CasS 206 CaMgS 200
KCa .57.8 . . KCaMg 73.2 KCaS 70.2 KCaMg$S 46.7
P 43.0 PMg 40.7 PS 404" . PMgS 43.2
PK 80.0 PKMg 770 PKS 65.5 PKMgS _ 745
PCa 494 PCaMg 52.6 PCaS 521 PCaMgS 62.8
PKCa 79.4 PKCaMg 77.3 PKCaSs 84.3 PKCaMgS 76.3

Principal Composite Effects of Applied Plant Nutrients”

P S Ca Mg K.
With 62.4 50.1 53.9 50.69 69.96
Without 39.2 515 471.7 50.98 31.61
A Effect 23.2*" -1.4 6.2* - .39 ' 38.35%+

Each figure is the pooled mean of all treatment combinations with or without the specified nutrient element,
P= 05*and .01**.

TABLE 2. Effecls of soil fertility irealment combinations on nodule nitrogenase activily levels (C:H, reduction) at
' anthesis, WB-12.11 Siempre Winged Bean, dark-red latosol (Typie Eutrustox) Jaiba, Minas Gerais,

Brazil. :

# moles g moles p moles u moles

CHig™! CHig™! CHig ™' CHig™'
Trt fresh Trt fresh Trt fresh  Trt tresh

nod. hr ™! nod. hr ! nod. hr ' nod. hr !
0 : . 4.7 Mg 9.9 S 14.0 MgS 84
K 84.2 KMg 78.2 Ks .. 72.7 KMgS 72,0
Ca . 20.2 CaMg 17.9 CasS 200 CaMg5s 16.5
KCa . 833 KCaMg 84.4 KCaS - 820 KCaMgS 51.5
P 45.1 PMg 41.9 PS 40.2 PMgS 429
PK 86.7 PKMg 86.6 PKS 72.7 PKMgS 79.0
PCa " 520 PCaMg 654.2 PCaS 53.0 PCaMgS . 66.6

PKCa 84.2 PKCaMg - 78.3 PKCas 88.2 PXCaMgS 785 .

Principal Composite Effects of Applied Plant Nutrients*

‘ P - Ca Mg K
With 653 54.43 58.64 54.48 ' 78.92
Without 456 56.53 52.45 56.44 32.04
A Effect 19,7 210 6.19* -1.96 46.88*%*

* Each figure is the pooled mean of all treatment combinations with or without the specified plant nutrient element,
P=< .05*and.01%** : : : ‘

Pesq. agropec. bras., Brasilia, 16(5):633-644, se_t.;:out. 1981.
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TARBLE 3. Principal ('omlpos'ilé effects of applied ';}I‘anl"t.mlrirﬁls on grﬁwlh nadulation, and nodule enzyme activi-
ty levels al anthesis, WB-21-8 Tinge Winged Bean, darkared latosol (Typie Eutrustox) Jaiba, Minas Ge-

raix, Brazil,
P gl ' Ca Mg K
Top growth, dry g/plant
With 123 1.05 110 1,02 1.09
Without 0.82 1.01 0.98 1.04 0.99
A Effect 0.41%* 0.04 , 0.12 -0.02 0.10
Nodule fresh wt. g/plant
With 1.22 102 107 0.98 1.28
Without 0.71 092 0.96 0.95 0.65
A Effect 051" 0.10 0.11 0.03 0.63*
GOT U/g nodule
With 50.2 409 425 M5 470
Without 29.1 383 36.7 377 32.3
A Effect 211 2.6 5.8 13.8% 14.7
GDH U/g nodule
With 3.33 284 2.83 2.82 2.81
Without 227 2.76 277 2.79 2.79
A Effect 1.06* 0.08 0.06 0.03 0.02
GS U/g nodule
With 55.4 43.3 46.2 424 495
Without 299 419 39.1 429 357
A Effect 255 1.4 7.1" 05 13.8%+
GOGAT U/g nodule
With 404 3.33 3.40 3.26 356
Without 2.04 274 270 2.82 252
A Effect 2.00** 0.59 070 0.44 1.04*

Each figure is the pooled mean of all treatment combinations with or without the specified nutrient element.
P< 05*and.01**

Pesq. agropec. bras., Brasflia, 16{5):633-644, set./out. 1981,
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TABLE 4, Prinecipal composite effects of applied plani nulrients on nodule components at anthesis, WB-21-8
Tinge Winged Bean, dark-red latosol (Typic Eulrustox) Jaiba, Minas Gerais, Brazil,

P S Ca Mg K

CHO, Nonstructural nodule carbohydrate mg/g nodule

With. 3.60 362 3.60 3.51 38
Without 340 KX 341 3562 3.2
A Effect 0.20 0.21 0.19 -0 06

o Ketoglutarate p moles/g nodule

With 0.59 0.63 0.59 0.61 0.72
Without 0.59 0.55 0.58 0.56 0.46
A Effect 0.00 0.08 0.0 0.05 0.26"

Cytosol Phosphorus ug/g nodule

With 3422 243.0 2419 262.9 264.5
Without 174.2 2734 274.4 2535 2519
A Effect 168.0** -304 -324 94 12.6

Cytosol Potassium ug/g nodule

With 2597 24861 2556 2485 3620
Without 2497 2633 2539 2609 1475
A Effect 100 -172 17 - 124 2145%*

Cytosal Calcium ug/g nodule

With 2476 235.9 31561 237.1 2494
Without 261.9 2736 194.4 2724 260.1
A Effect - 143 - 377 120.7** -35.2 -10.7

Cytosol Magnesium pg/g nodule

With 316.9 2919 322.0 384.6 316.2
Without 277.4 3025 2724 208.7 2791
A Effect 3956 -106 49.6* 174.9** 36.1

Cytosol Sodium ug/g nodule

With 331.2 3725 367.6 366.3 163.3
Without 3811 3398 3447 346.0 548.9
A Effect ) - 49.9* 32.7 229 203 - 385.6**

Each figure is the pooled mean of all treatment combinations with or without the specified nutrient element.
P= 05*and.0t**,

Pesq. agropec, bras., Brasilia, 16(5): 633-644, set.fout. 1981.
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TABLE 5. Principal composite effects of applied plant nutrients on growth, nodulation, and nedule enzyme activi-
1y levels at anthesis, WB-12.11 Siempre Winged Bean dark-red latosol (Typic Eutrustox) Jaiba, Minas

Gerais, Brazil

P S Ca Mg K
Top growth, dry g/plant
With 1.18 0.99 1.04 0.95 1.02
Without 0.75 0.94 0.89 097 0.90
A Effect 0.43* 0.05 016" 0.02 012~
Nodule fresh wt. g/plant
With 1.09 0.99 1.05 0.97 1.32
Without 0.79 0.88 083 0.91 0.57
A Effect 0.30* o1 0.22* 0.06 Q.75
GOT U/g nodule
With 55.1 45.96 472 45.77 51.50
Without 331 4221 M 42.21 36.66
A Effect 22.0%* 3.75 6.1 KR 14.84**
GDH U/g nodule
With 294 272 2.63 2.60 2.54
Without 218 2.41 2.5 253 259
A Effect 76+ 031+ 0.12 0.07 - 0.05
GS U/g nedule
With 50.75 38.83 4551 37.47 44.42
Without 26.67 38.59 3411 39.90 33.00
A Effect 24.08%* 0.24 9.40* - 243 11.42%
GOGAT U/g nodule
With 417 360 355 3.44 372
Without 2.18 2.80 2.82 2,93 2,64
A Effect 1.99** 0.80 0.73 0.51 1.08*

Each figure is the pooled mean of all treatment combinations with or without the specified nutrient element.

P< .05*and .0t**,

Pesq. agropec. bras., Brasilia, 16(5):633-644, set./out. 1981.
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TABLE, 6, Principal composite ¢ffects of applied plant nutrients ¢n nodule components at anthesis, WB-12-11
Siempre Winged Bean, dark-red latosol (Typic Eulrustox) Jaiba, Minas Gerais, Brazil.

P S Ca Mg - LK

Nonstructural nodule carbohydrate mg/g nodule

With 3.68 - 3.81 3.83° 364 - 4.02

Without 366 -3.54 352 - - 370 3.32
A Effect 0.02 0.27 0.31* -0.06 0.70*

o Ketoglutarate g moles/g nodule

With 0.66 0.72 068 069 0.82
Without 0.68 0.62 0.66 0.64 052
A Effect -002 0.10 0.02 - 0.05 0.30*"

Cytosol Phosphorus ug/g ri_ddule

With 316.7 2286 2253 2482 2505
Without 168.3 256.4 2590 2371 2345
A Effect 148 .4 -278 -337 11 160

Cytosol Potassium ug/nedule”

With 25938 2503.7 26152 251558 3614.0
Without 2523.8 26140 25048 26004 15603.6
A Effect 69.9 -1103" 1104 - 849 2110.4**

Cytosol Calcium ug/ nodule

With 2301 213.6 2808 2144 232.2
Without 2418 2523 1834 2566 238.7
A Effect 117 -327 107.4+" - 422 - 15

Cytosol M agnesium ug/g nodule

wWith 2881 267.2 2924 3534 289.6
Witnout 2539 2747 2504 192.0 2623
A Effect 342 758" 42.0* 161.4*> 373

Cytosol Sodium rg/g nodule

with 3150 3635 358.6 353.0 169.3
Without 3849 3364 <L 0w A 3417 5306
A Effect - 69.9* 271 16.9 59 361.3%

Each figure 15 the pooled mean of all treatmen! combinations with or without the specified nutrient efement.
P=< .05*and .O1**

Pesq. agropec. bras., Brasilia, 16(5):633-644, set./out. 1981
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Correlation coefficients with nodule enzyme components at anthesis, Wli-2]-8 Tinge and Wll-l2-l_1
Siempre Winged Bean cultivars,

[+ . . WB-21-8 Tinge cultivar,

g TopWt.  NodWt. Nase  GOT GDH GS  GOGAT a KG CHO
= :

§ Top Wt. 164 - 463** - 704" 365" 650** - .378* . .738*" . 393
w Nod. Wt.  .065 : 225 . .366" 381 ‘230 -127 0 - 106 034
£ Nase.  -.170 211 - 379+ S196 0 - 342¢ 252 5g7**  463**
2 Gor - .685* --.132 170 -.383* - BBB** T 541™  730*% 437
» GDH 376% 115 -,117 .- -389* ‘ B21* . 261 - 420 - 242
-GS 663+ 091 -.145 - .578* 53G* . . . ...486% - B46* - .237.
oy GOGAT . -.329* -.088  ..067 557 - 241 . - AB3** B 5375 ...302 *
e KG - .547%n -.003 594" §73* . 345* . 468** 391 ., . .466**.
z CHO -.375* -.052 -.198 . ABg* -.243 424" 348* | 524"

Correlations were with top wt., dry g/plant; “nod wt. g fresh wt. /plant nase nltrogenase # moles C:H, /g nodule hr '.
GOT, GDH, GS and GOGAT U/ g fresh nodule; o KG i moles/g fresh nodule; CHO nonstruclural carbohydrate mg/g

fresh nodule; P<  05* and .01**.

TABLE 8. Corrclations coefiicients with nodule cytosol analyses at anthesis, WB-21-8 Tinge and WB:12-11
Siempre Winged Bean cultivars,

% WB-21-8 Tinge cultivar

E Top Wi. Nod Wi, - Nase K Na Mg P

- .

3 Topwr 164 . -.463** - 160 . --063 " 660**  679%*. ' 505

¥ Nod Wi. 065 .. 228, .82 - 235 .208 293 - - 498"

L Nase -.170 211 320 - 109 340° 350" 137

Lok 108 372+ 190 ‘ - 577 077 ;.029 043

2 Na -043 - 058 -.0% - 501 -.219 - 184 - .355*

X ca 683+ 047 s - 019 - 281 745+ 570**

N Mg 701** " 096 7 .128 012 -.193 470" ' 778%*

S P 536%* 103 - 081 " .002 - 253 517+

663**

-Correlations were with top wt., dry g/plant; Nod wt: g fresh wt/plant; nase nitrogjenase u moles C:Hy/gnodule hr™ ;

-all nutrient elements as ug/g fresh nodule; P< ' 05" and .01**.

recognized as a limitation for symbiotic nitrogen
fixation with edible beans (Phaseolus vulgaris 1.)
and pulses within the tropics (Carvalho et al, 1971,
Graham & Rosas 1979), ‘

"The p‘rini('ipal composite effects of applied plant
nutrients on growth, nodulation and niodule compo-
nents aré presented in Tables 3 dand 4 (Tinge) and
Tables 5 and 6 (%lempre) Top growth of both culti.
vatrs' was increased with high ngmﬁcance for phos-
phorus application, The Siempre cultivar also re-
sponded significantly to K and Ca applications.

- Effects of applied phosphorus and potassium were
highly “significant for increased nodule mass per
plant for Tinge, Table 3. Siempre, Table 5, was slight-

ly less responsive, tp applied P but significantly
increased nodule mass for Ca ar;d K. fertilization.
Andlugnua. to mtro;,enase. activity levels, nodule
mass response to K usual]y diminished when Pwasa
componeént of the applied plant nutr!entcombmatlon
treatments. Previous ‘studies have reported the
rdatlonsh]p ofnodule mass and nitrogenase activity
levels as influenced by available plant nutrients,
parucularly "adequate ' doil potasslum (Andrew &
Robins 1969, Duke et al. 1980, Mengel et al. 1974 e
Purcino 1979, 1980).

A significant.response,to .applied P for enzyme
activity levels associated with nitrogenase was ap-
parent for both cultivars. The higher enzymeactivity
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levels (except GDH) that resulted with applied K were
not favorably influenced by P in the, treatment
combinations. S significantly increased GDH activi-
ty levels in Siempre nodules and Tinge GOT activity
levels were also significantly increased with Mg ap-
plication, Apparently, Ca fertilization was required
for increased GS activity levels with both cultivars.

Similar studies with nodule eytoplasm of
twelve herbaceous legume species (Boland et al. 1978)
and alfalfa (Duke et al. 1980) have proposed these
fixed N ammonia assimilation pathways as appar-
ently universal in legume nodule metabolism. Opti-
mum goil environmental conditions were necessary,
including soil fertility factors, for attaining the
maximum enzyme activity levels. Other than nitro-
genase, however, these enzyme pathways function
within essential cell metabolism nonspecific for
symbiotic N fixation (Mishustin et al. 1973). Thus, it
may be difficult to evaluate their role strictly for N
fixation.

Significance for increased nodule content of non-
structural cellular carbohydrates (CHO) was appar-
ent with Ca and K for Siempre only. However, «KG
levels increased with applied K for both cultivars.
This was of particular interest because of the key
substrate role of aKG for enzyme pathwaysinvolved
with biosynthesis of nitrogenase fixed nitrogen as
ammonia to glutamate and subsequent transferases
to other amino acid components (Figure 2). Other

Photosyninate
* mﬁ“ﬁ——mm
v SLUTAMATE o
)
t f ‘\’ \'GL,,,W
Ny NITROGENASE] —o~ Ny M VATE — e ALANINE
feochesd] i) (3

GLUTAMINE

" FIG. 2. A schematic composite ot enzymatic pathways
apparent for symbiotic. nitrogen fixation-as-
similation within legume nodules.

1. Nitrogenase (Nase (EC. 1.7.99.2)

2. Glutamate dehydrogenase (GDH) - (L-glu-
tamate: NAD(P) oxidoreduciase deami-
nating EC 1.4.1.3)

Glutamine synthetase (GS) L-glutamate:
ammonia ligase (ADP), EC 6.3.1.2)

4, Glutamate Synthetase (GOGAT) (L-glu-
tamate: NAD(P}" oxidoreductase {trans-
aminating), EC 1.4.1.13)

5. Glutamate-oxaloacetate transaminase
(GOT) (L-apartate: 2-oxoglutarate amino-
transfrase, EC 2.6.1.1)

6. Glutamate-pyruvate transaminase
(GPT) L-alanine: 2-oxoglutarate amino-
transferase, EC 2.6.1.2}

aKG alpha ketoglutarate {2-oxoglutarate}

3.
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studies have demonstrated that bacteroids, “sym-
biotic cells” of Thizebium japonicum did not utilize
glucose, fructose, or sucrose, but readily oxidized
citric acid cycle intermediates: «KG, succinate,
fumarate, malate, and oxalacetate (Mishustin et al.
1973, Purcino 1980 e Tuzimura & Meguro 1960).

In general, the elemental composition of nodule
cytosol was increased for the applied plant nutrient
element with both cultivars. Mg favorably influ-
enced increased cytosol Ca although an inverseinflu-
ence was apparent among many of cytosol
components. A highly significant retroversion influ-
ence was apparent with the monovalent cations K
and Na. This inverse relationship was consistent for-
all differential applied K'treatment combinations for
both cultivars. The significant negative influence of
Na to P content occurred in these studies but with less
consistence than the K x Na inversion interactions.

The complex interrelationships among and between
the parameters determined. for both cultivars were
evaluated with all possible correlations and pres-
ented in Tables 7 and 8. In general, the negative or
positive correlations were similar for both Tinge and
Siempre in these studies, Contrasts were apparent for
several parameters including nitrogenase activity
levels (Table 7). For Tinge, significant correlations
included nitrogenase (Nase) x GOT, negative Nase x
GS, Nase x aKG, Nase x CHO (nonstructural nodule
carbohydrate), and negative Nase x dry top weight. A
highly significant nitrogenase correlation with aKG,
was apparent for Siempre.

Significant correlations of particular interest that
assay interrelations for enzyme pathways proposed
within nodule cytosol (Figure 2), that were prevalent
for both cultivars include; top wt. x GDH, GOGAT x
CHO, negative top wt. x GOGAT, negative top wt. x
CHO, negative GOT x GDH, and negative GDH x
aKG. Highly significant correlations include top wt x
(38, negative top wt. x GOT, negative top wt. x «KG,
negative GOT x GS, negative GS x aKG, GOT x
GOGAT, GOT x o«KG, GDH x GS, GOGAT x o KG,
and «KG x CHO.

The principal soil base cation plant nutrients were
apparently similar in effect for both cultivars (Table
8). Highly significant correlations included: top wt. x
Ca, top wt. x Mg, top wt. x P, negative Kx Na, Cax
Mg, Ca x P, and Mg x P. Significant correlation was
apparent with nodule wt. x P and Nase x K for Tinge,
and with nodule wt. x K for Siempre.

The correlations, as shown in Tables 7 and 8, were
useful for initial’ estimates that are necessary for
independent variable contributions with multiple
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regression. The predictive equations of models with
the most reliable response surfaces were attained
with stepwise regression. The independent variables
were evaluated in various combination and sequence,
and then tested by backward elimination with each
cornputed as the last contributing variable with the
model. The nonsignificant and overfitting parame-
ters were progressively excluded to yield the follow-
ing:
Tinge Nase = 69.51 o KG + 2.78 nod wt + .035 K +.052
GOT, (1)
R’ = 664, CV=32.7%
Tinge GOT = 19.53«KG + 0.12 Nase + .018 K +.033
GS + 8.73 GOGAT C(2)
R? = 804, CV = 18.5%
Siempre Nase = 30.14 « KG + 2.30 nod wt + .025 K +
019 GOT 3)
R’ = .776, CV = 26.8%
Siempre GOT = 31.42 o KG + .056 Nase + .035 K +
111 G8 + 7.15 GOGAT (4)
R = .823, CV = 18.9%

The nitrogenase (Nase) equations represent the
“forward” reaction equation for best fit surface. The
best estimates for terminal reaction with cognate
parameters as highly significant independent varia-
bles were determined for the dominant transaminase
GOT activity levels (Figure 2) as a “backward”
criteria. :

Multiple regression equations for both cultivars
were similar. An interpretation of these data should
recognize an apparent influential role of nodule
cytosol «KG and favorable K levels as essential for
the entire enzyme sequence schematically briefed in
Figure 2.

Both dependent nitrogenase {Nase) multiple re-
gression equations (1) and (3) were highly significant
with R’ . 664 (Tinge) and R’ .776 (Siempre). Cytosol
aKg was the dominant component factor followed by
fresh nodule wt, cytosol K and nodule GOT activity
levels. The dependant GOT multiple regressions (2}
and (4) were highly significant with R* .804 (Tinge)
and R* 823 (Siempre). Cytoscl a KG was the principal
independent factor followed by nitrogenase activity
level{Nase, C:;H: reduction), cytosol K, GS and
GOGAT activity levels,

Two nodule parameters, Lowry soluble protein and
alanine aminotransferase (GPT), were nonsignifi-
cant within all statistical analyses and were excluded
in this report in an effort to simplify the data sum-
maries. Cytosol GPT activity levels werelow, < 1.0
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U/g nodule, with no statistical association to treat-
ment. Other research reports (Duke et al. 1980, Shapi-
ro & Stadtman 1970), have emphasized the incapaci-
ty of soluble protein levels to discern active (taut)and
nonactivated (relaxed) enzyme fractions for specxﬁc
activity/mg protein determinations.

Practical atiributes from these studies corroborate
the requirement for adequate available soil potas-
sium and phosphorus for high levels of nitrogenase
activity. Effect of soil calcium levels may be influ-
enced by the physiology of different winged bean
cultivars. High levels of sodium apparently are
inhibitory to metabolic functions of K and result in
depressed nitrogenase activity. Enzyme activity
levels and nutrient components within nodule cytosol
are indicative for an assoeciated nitrogenase activity
and provide diagnostic criteria for improved sym-
biotic nitrogen fixation.
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