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ABSTRACT 

Soybean [Glycine max (L.) Merr.] yields are influenced by the nutrient 
content of the soil which might, in turn, be reflected by the ability of roots 
to efflux hydrogen ions (H + ). Regulation of H* efflux by NADH oxidation 
was investigated to evaluate the physiological response of H + efflux and 
its relation to soybean yield among different cultivars. 

Enzyme assays and pH measurements were used to monitor NADH 
oxidation and H"1" efflux by soybeans grown in a controlled-environmental 
chamber. Nutrient content, and yields of biomass and seed were measured 
with field-grown soybeans. Dry matter yields were determined for relative 
treatment comparisons in all experiments. 

Dry weights of different soybean cultivars were negatively correlated 
to NADH oxidation and positively correlated to H 4 efflux. Comparison of 
'Davis' and 'Forrest' soybeans indicated that dry weight, seed yield, and 
nutrient-ion contents were negatively correlated to NADH oxidation and 
positively correlated to H + efflux. 

These fidings suggest that soybean nutrition and yield are closely inter
related wi th oxidation-reduction reactions in the plant's root tissues. Favor
able growth and yield performance appears to require a supply of H+ ions. 
The efflux of these ions, in turn, appears to favor nutrient uptake and 
hence growth and yield potential. The chemical supplier of H+ ions remains 
obscure and NADH might or might not be a contributor. 

RESUMEN 

Oxidacion de NADH y la absorcion de nutrimentos en ratces 
de habichuela soya, Glycine max (L.) Merr. 

Se investigo el efecto regulador de la oxidacion de dicotinamida-
adenina-dinucleotido reducido (NADH) sobre el flu[o de iones de hidrogeno 
(H + para poder evaluar su relacion con el rendimiento en diferentes culti-
vares de habichuela soya Glycine max (I.) Merr. El contenido enzimatico 
y pH se correlacionaron con la oxidacion de NADH y el flujo de H + en 
plantas de soya cultivadas en camara de crecimiento con medioambiente 
regulado. El analisis de rendimiento de materia seca, grano, cantidad de 
nutrimento ionico y biomasa se determine para todos los experimentos de 
campo. 

La correlacion entre peso seco y oxidacion de NADH resulto negativo 
entre las cultrvares de soya mientras que fue positivo para el flujo de H + . 
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Las cult ivates Forrest y Davis arrojaron una correlacion posit iva para el 
f lu jo de H + en relacion a\ rendimiento de mater ia seca, grano y contenido 
de nutr iment© ionico pero negat iva para los mismos parametros con re!a~ 
cion a la oxidacion de NADH. 

Los resultados indican una interrelat ion entre la oxidacion de NADH, 
flujo de H + , contenido de nutr imento ionico y rend imiento de l grano en 
habichuela soya. 

INTRODUCTION 

Soybeans, which show increased yield and high nutrient absorption (6) 
are possibly responding through physiological adjustments that increase 
nutrient ion uptake. Studies with barley (Hordeum vulgare L.) revealed 
that increased ion uptake parallels an exchange of hydrogen ions from 
roots for cations in the surrounding solution (4). Soybean nutrient ion 
uptake might also parallel ion exchange, but it is not clear where the 
hydrogen ions originate. 

Recent research has shown that NADH oxidation may be linked to 
ion exchange in corn (Zea mays L.) root protoplasts (7). The present 
research focuses on root NADH oxidation and hydrogen ion efflux in 
relation to nutrient ion uptake, dry matter yield, and seed yield in soy
beans. 

MATERIALS AND METHODS 

Three analyses were performed: NADH oxidation, H+ efflux, and nu
trient ion uptake. Dry matter yield was also measured to provide relative 
comparisons of growth for selected cultivars. 

NADH oxidation experiment 
Seeds were obtained from C.E. Caviness at the Arkansas Agricul

tural Experiment Station at Fayetteville and germinated in vermiculite 
in a controlled environment chamber. Seedlings were transferred to a 
nutrient solution (3) at the VC to VI stage (1) and grown at temperatures 
ranging from 22 to 27° C diurnally and from 19 to 23° C at night. A 
simulated 14-h day with constant radiant flux density at 20 to 25 W m~2, 
and a relative humidity of 65 to 75%, was followed by a 10-h night at the 
same relative humidity. 

At the V2 to V3 stage, 0.10 g of fresh root tissue was removed within 
a distance of 2.0 cm from root tips of each plant. The tissue was rinsed 
and ground with 10 ml of deionized water for 30 s in a Ten Broek5 

homogenizer at room temperature. The sample was then vortexed with 
5.0 mg of polyvinylpolypyrrolidone for 10 to 20 s to remove phenolic 
substances. Centrifugation at room temperature for 10 min at 1200 g was 

6 Trade names in this publication are used only to provide specific information. Mention 
of a trade name does not constitute a warranty of equipment of materials by the Agricul
tural Experiment Station of the University of Puerto Rico, nor is this mention a statement 
of preference over other equipment or materials. 
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the final step for obtaining a crude extract for the NADH oxidation 
assay. 

Assays for each crude extract were performed within 3 to 5 h of the 
initial tissue sampling. A 2.0-mI aliquot of each sample extract was mixed 
with 0.10 mL of 1.0 m l NADH buffered at a pH of 7.0. Enzyme activity 
determined from two-minute, first order decreases in absorbency at 340 
nm gave units of micromoles of NADH oxidized per milligram of fresh 
tissue per minute (fxo\ p/y~l min ~x). 

Remaining tissue from each plant was used for dry matter determina
tion. The data presented include NADH oxidation and dry matter (DM) 
yield from three replications of five selected cultivars. 

Hydrogen ion efflux experiment 
Seeds were obtained from the Arkansas Agricultural Experiment 

Station at Fayetteville and from commercial companies. Germination and 
growth in an environmental chamber was essentially the same as the 
NADH oxidation experiment except that the light provided was 40 W 
m-2. 

At the V3 to V4 stage, plants were transferred from nutrient solution 
to a solution of 0.5 mM CaSo4 and 0.1 mM K2S04. The drop in pH from 
7.0 over a 24-h period was interpreted as a result of root H+ efflux (2). 

After pH changes were recorded, dry weight of plant tissue was 
obtained. Data presented include change in pH and dry matter yield 
from four replications of five soybean cultivars. 

Nutrient ion uptake experiment 
For this experiment, plants were propagated at the AES-UPR 

Isabela Substation in 3.6 - 4.5 m field plots. Leaf samples from the 
lower, middle, and upper leaf canopy were harvested during flowering 
(Ra) from two of six rows of experimental plots and analyzed for K, Ca, 
and Mg by flame photometry (10). 

Whole plants remaining in the field were harvested for total biomass 
and yield determination. There were four replications of each treatment 
in a randomized complete block design. 

RESULTS AND DISCUSSION 

There was a negative relationship between NADH oxidation and dry 
weight for five selected soybean cultivars (table 1). This finding suggests 
that soybean roots may have a lower tendency to oxidize NADH when 
physiologically mobilized for high growth activity. It has been reported 
recently that a high-yielding soybean cultivar produced less root DM 
with lower root respiration than a low-yielding cultivar (5). Whether or 
not NADH oxidation, as a reflection of respiration, can alter dry matter 
accumulation remains questionable. Perhaps NADH oxidation influences 
soybean yield potential through regulated nutrient ion exchange. 
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TABLE 1.—Dry matter yield and NADH oxidation of soybean cultivars at tfie V2-V3 stage 
compared to dry matter yield and, H* efflux of soybean cultivars at tfie Vii-Vl^ stage 

Cultivar 

Pershing 
Mack 
Narow 
Forrest 
Davis 

r = -0 .95 

Experiment 1: NADH 
V2-V3 stage 

NADH 

(xmol/mg/min 

11.0 
9.9 
9.3 
8.9 
7.8 

Dry wt, 

e 
0.38 
0.46 
0.48 
0.63 
0.70 

Experiment 2: H- efflux 

Cultivar 

Terra Vig 708 
Hood 75 
Lee 74 
Forrest 
Davis 

r = 0.98 

V3-V4 stage 

pH change 

(-)ApH 

0.70 
0.80 
1.71 
1.44 
1.98 

Dry wt. 

S 

0.78 
0.78 
1.26 
1.26 
1.48 

Parallel to the negative relationship between NADH oxidation and 
dry weight, a positive relationship between H+ efflux and dry weight 
was obtained (table 1). Recent studies have shown that H+ efflux mea
surement is a useful tool for screening barley cultivars for high yield (2). 
More research will-be needed to determine the validity of H+ efflux or 
NADH oxidation measurements as potential indicators of forthcoming 
yield in soybeans. 

Two cultivars presented in table 1 can be found in both experiments. 
Consistency with overall results is shown in the relationship between dry 
weight, NADH oxidation, and H* efflux of these two cultivars. Yield 
and nutrient ion measurements show that biomass and seed yield are 
consistent with dry weight in previous experiments, and that nutrient 
ion content is higher in the higher-yielding cultivar Davis (table 2). 

A scenario from table 2 can be developed to show high and low-yield
ing situations for different soybean cultivars. In the low yield situation, 
fewer hydrogen ions are being excreted, apparently resulting in poorer 

TABLE 2.—Relationship among NADH oxidation, H* efflux, nutnent ion content, 
biomass yield, and seed yield of soybean cultivars Forrest and Davis 

Cultivar 

Forrest 
Davis 

-\. 

V2-V3 

NADH 
jxmol/mg/min 

8.9 
7.8 

-2-

V3-V4 

pH change 
ApH 

1.4 
2.0 

Experiment 

Growth stage 
Rl 

K Ca Mg 
—meg/100 g DM— 

21.0 106 58 
21.5 116 63 

3-

Maturity 

Biomass Seed 
—kg/ha— 

4340 1674 
6290 1956 

FIG.I—Metabolically-eoupled NADH oxidation, and control of H* efflux and nutrient 
ion influx, in tow- and high-yielding soybeans. 
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plant nutrition with lower biomass and seed yield attained by the plant. 
Alternatively, a high-yielding soybean would have a higher H+ efflux, 
and more favorable nutrient uptake, hence better potential for biomass 
and seed production (fig. 1). What would cause these differences? One 
can theorize that the oxidation of N ADH or another supplier of electrons 
in vivo can materially influence the H^ efflux ability, and potentiate 
changes in the plant's metabolism. 

The role of NADH in oxidative phosphorylation is a possible 
mechanism whereby respiratory differences among soybean cultivars can 
be explained. Previous investigators have demonstrated superior res
piratory efficiency among genetic lines in winter wheat (Triticum aes-
tivum L.) (9) and ryegrass (Loiium perenne L.) (11). In comparing soy
bean cultivars, "Forrest" and "Davis" (table 2), it could be predicted that 
Davis has the lower NADH oxidation potential and, consequently, 
greater potential to utilize its NADH resource in sustaining its growth 
and seed production activities. 

Low yields in cultivars could be an expression of genotype-based, 
over consumption of H+ by NADH during oxidative phosphorylation pro
cesses. An alternative mechanism to replenish the supply of H+ in roots 
might be needed to regenerate ion exchange potential. The existence of 
an exogenous NADH on the outer surface of corn plasmalemma has al
ready been theorized in the literature (7,8). This could facilitate increased 
H+ efflux and ion influx, as depicted on the left side of figure 1. Perhaps 
this is a contributing mechanism by which respiratory soybeans can main
tain a sufficient nutrient supply and balance for growth and development. 

CONCLUSIONS 

Soybean dry matter yield has been shown to be positively correlated 
to root H* efflux and nutrient ion concentration of leaves, and negatively 

Low Yield 

NADH + H' 

NAD' 

NADH + H' t i f NAD' 

soybean roof 

H' -

H' 

soil 

FIG.I—Metabolically-coupied NADH oxidation, and control of H" efflux and nutrient 
ion influx, in low- and high-yielding soybeans. 
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correlated to NADH oxidation in roots. Results from NADH metabolism 
studies suggest that H' consumption during coupled NADH oxidation 
parallels a decrease in H' efflux and nutrient-ion exchange. More re
search will be needed to show how specific NADH oxidases affect nutri
ent ion exchange and yield in soybeans. 
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