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I. INTRODUCTION 

Legume crops are important because of their ability to fix atmospheric 

nitrogen through symbiosis with rhizobia.  In the tropics where the majority 

of the population obtains its living from the land, legumes are likely to 

increase in importance.  Legumes form a major component of tropical 

agrosystems (Norman, 1982; Rachie, 1977; and Okigbo, 1977) and can provide 

cash income to the farming community.  Food legumes provide large quantities 

of good quality dietary protein to the population and legumes also help to 

maintain a reasonable level of soil fertility. 

Cropping systems involving monoculture of non-leguminous plants cause a 

decline of yields and depletion of soil nitrogen.  This decrease in 

productivity in the past, especially in tropical Africa, has been alleviated 

by shifting cultivation or more recently by the use of inorganic fertilizers.  

As the population increases, the resulting pressure on the land has made 

shifting cultivation untenable.  Recent increases in prices of synthetic 

fertilizer have also made it difficult for small farmers to use inorganic 

nitrogen for crop production.  Consequently, biological nitrogen fixation 

becomes the only alternative source of nitrogen for crop production. 

If biological nitrogen fixation by legumes is to become a sustained 

reliable source of nitrogen for crop production, certain questions have to be 

answered.  How much nitrogen do various legumes fix?  How much residual 

nitrogen do legumes supply to the cropping systems?  However, these questions 

and many others can not be answered without a reliable method to estimate 

biological nitrogen fixation.  Reliable estimates of biological nitrogen 

fixation will allow selection of superior N2-fixing legume species.  Gibson 

et al. (1977) for instance, indicated that biological nitrogen fixation (BNF) 

can be improved by: (1) growing better cultivars adapted to specific 

environments, (2) inoculation with the most effective and competitive strains 



of Rhizobia, and (3) the application of management practices designed to 

minimize the impact of nutritional and environmental limitations. 

Literature suggests that there are several methods that can be used to 

estimate field N2-fixation.  The 15N isotope dilution and the difference 

methods are among the most widely used for estimating field nitrogen fixation 

by legumes.  There are advantages and disadvantages associated with each 

method. The advantage of the difference method is that, it is inexpensive, 

simple and does not require special techniques and equipment which are needed 

for the 15N isotope dilution method. 

The 15N isotope dilution method which was first described by MacAuliffe 

et al. (1958) has been used recently by many workers (Fiedler et al., 1972; 

Fried et al., 1977; Vose et al., 1981; Rennie et al., 1982; Rennie and Kemp, 

1983 a,b; Rennie et al., 1984; Rennie and Dubetz, 1984) to estimate field N2-

fixation by various legumes.  The advantage of the 15N isotope dilution method 

is that it makes it possible to separate N taken up by the plant from 

fertilizer and soil from that fixed in the plant.  Many workers have 

described the 15N isotope dilution method as the most reliable measure of N2-

fixation (Gibson et al., 1977; Amarger et al., 1979; Larue and Patterson, 

1982).  The accuracy of either method depends on the type of reference crop 

used.  The best reference crop should be closely related to the test plant. 

This can be either an uninoculated plant, a non-nodulating isoline, or a 

cereal such as corn.  An assumption in all cases is that the test plant and 

control both have the same root systems exploring the same volume of soil.  

In soils where native rhizobia do not nodulate the test plant, the ideal 

reference crop is the uninoculated test plant.  Where the native rhizobia 

nodulate the test plant however, the appropriate reference crop is not 

readily apparent.  It is also not clear whether there is agreement between 

the 15N isotope dilution and the difference methods. 



Although there are many problems associated with the measurement of the 

gross amount of N fixed by a legume over the whole period of its growth, the 

residual nitrogen contribution to the soil-plant system can be determined 

through a series of measurements including the portion of N derived from 

mineralization, the residual N that was taken up by the plant, and the 

portion that remains in the soil. 

The objectives of this study were to: (1) determine the relationship 

between the 15N isotope dilution and the difference methods, (2) investigate 

the field inoculation response of field-grown legumes, (3) quantify the 

amount of nitrogen fixed by each species using the two methods, (4) determine 

the best reference crop for N fixation estimates in cowpea and peanut, and 

(5) determine the residual nitrogen contribution to a subsequent corn crop. 



II.  REVIEW OF LITERATURE 

2.1. Nitrogen Fixation 

 Although peanut is a leading legume crop in most tropical countries, little 

information regarding its nodulation is available.  It is known that about 30% of 

the cowpea group of rhizobia nodulate peanut effectively and the remainder are 

ineffective (Dobereiner 1977).  The amount of N2 fixed has not been determined, 

but effective nodulation of naturally-occurring peanut strains has been studied.  

In West Africa effective nodulation was observed to occur only during the second 

year of cultivation.  Sen et al. (1981) observed that values for acetylene 

reduction activity and nitrogen accumulation in the plant top per unit nodule 

mass of peanut were several times higher than values for cowpea and siratro.  

They also reported a 30% increase in shoot weight, a 125% increase in nitrogenase 

activity, a 112% increase in nodule number and a 19% inoculant recovery in 

inoculated peanut following amendment of the soil to raise pH from 4.6 to 6.5.  

However, increasing pH to 7.1 caused these values to decrease.  Liming to such a 

high pH reduces the availability of most micronutrients some of which are 

essential for nitrogen fixation.  The author further observed significant 

differences among cultivars in nitrogen fixation and accumulation in stems and 

leaves.  Graham et al. (1981) recommended the use of strains which function well 

at a specific pH.  The findings by these workers emphasize the importance of soil 

reaction on N fixation.  

2.2. Inoculation 

 Hadad et al. (1982), observed little benefit from inoculating peanut. 

Nambiar et al. (1983), working with peanut, observed that in the field, where 

inoculated strains have to compete with the native rhizobium population, the 

number of rhizobia required to produce maximum nodulation is likely to be larger 

than that needed under glasshouse conditions.  In another study, Nambiar et al. 

(1982) observed that inoculation of peanut seeds with liquid culture applied to 

the soil below the seed proved superior to either granular or conventional slurry 



inoculation.  Liquid inoculant enhanced germination of seedlings and resulted in 

significantly enhanced grain yields. 

Grown mainly in Africa and South America, cowpeas nodulate apparently 

effectively in most areas without inoculation.  Kang et al., (1977), while 

working with cowpea in western Nigeria, did not find any need for inoculation as 

indigenous strains were capable of good nodulation.  Mughogho et al. (1982) 

reported that yield responses to both fertilizer nitrogen and rhizobium 

inoculation in cowpea were small, indicating that factors other than nitrogen 

supply were limiting yield.  These findings indicate the need to study 

inoculation response in cowpea under tropical soils. 

Soybeans, while reported or known to be sub-tropical plants, have been 

extended into tropical areas by recent breeding programs.  Dobereiner et al. 

(1977) reported that inoculation of soybean is essential in new areas and in acid 

soils.  They further stated that selection of the appropriate rhizobium strains 

is essential for new cultivars and consideration must be given to the soil and 

climate into which the crop is being introduced.  Nelson et al. (1980) however, 

reported total plant nitrogen of 75 kg ha-l in a non-nodulating isoline and more 

than 300 kg ha-1 in a nodulating isoline.  Philip et al. (1975) reported that 

successful introduction of soybean in the tropics will depend on successful 

inoculation, since it is widely known that yields are closely correlated with 

amount of nitrogen accumulated throughout its life cycle.  Vest (1971) observed 

that non-nodulating soybean genotypes benefited from being grown with nodulating 

types.  Benefits were increase in seed weight and seed number, probably through 

utilization of nitrogen fixed by the nodulating line. Lathwell et al. (1952) 

reported that high levels of nitrogen must be available during the bloom period 

to obtain maximum pod set in soybean.  Bhangos et al. (1976) observed that since 

soybean can utilize both soil nitrogen and symbiotically fixed nitrogen, 

evaluation of nitrogen fixation by soybean, under field conditions, is difficult 



since the amount of symbiotically fixed nitrogen decreases with an increase in 

available soil nitrogen or applied nitrogen. 

2.3. Methods of measuring N 2 fixation 

Acetylene reduction assay is one of the several methods used to measure N2 

fixation by crops.  However, this method is one-time estimate of fixation and can 

not be used to measure N fixation integrated over time.  Indices of nodulation, 

number of nodules, fresh and dry weight of nodules, leghemoglobin concentration 

in nodules or per plant may be related to nitrogen fixation within a single 

cultivar.  However, there is no evidence that these nodule-related characters can 

be used to measure the amount of N2-fixation by crops. Other methods include the 

concentration of the ureides allantoic acid and allantoin in the shoots of N 

fixing legumes.  These have been reported to correlate well with the amount of 

nitrogen fixed by legumes.  However, more information is still needed as regards 

the ease and accuracy of this method. Other methods include the difference or the 

nitrogen balance and the isotopic methods. 

2.4. Nitrogen Balance or the Difference Method 

The simplest method used to estimate the amount of nitrogen fixed is by the 

total nitrogen accumulation in the crop.  The total N content of the non-fixing 

crop (derived solely from soil N) is subtracted from the total N content of the 

N-fixing legume.  Three versions of the difference method are commonly used.  (1) 

comparison of a legume with a nonlegume, (2) comparison of a legume with a 

nonnodulating legume, and (3) comparison of inoculated and uninoculated legumes.  

An assumption in the use of total N to determine the amount of nitrogen fixed is 

that the test plant and the control plant both have similar patterns of soil N 

uptake.  However, information to date shows that at low levels of soil nitrate, 

nodulating plants exhibit higher nitrate reductase activity than non-nodulating 

plants (Harper, 1974).  The author concluded that N fixation could not be 

estimated by the comparison of nodulating and non-nodulating isolines at low 



nitrate level as the latter were stunted, because nitrate utilization was 

impaired. 

Larue et al. (1981) indicated that a closer approximation to N fixed using 

nitrogen balance may be achieved by analyzing changes in soil N as well as that 

removed in the crop.  An adjusted measure of N2 fixation by the nitrogen 

accumulation technique is obtained when the contribution of soil N to the total N 

of legumes is estimated.  These findings indicate that nitrogen fixation can not 

be estimated by the difference method using non-nodulating isoline as reference 

crop at low nitrate level. 

2.5. The 15N Isotope Dilution Method 

The 15N isotope dilution method, like the difference method, requires a non-

fixing control to estimate the relative contribution of soil and fertilizer N.  

In this method the fixing crop and a non-fixing control are grown in soil to 

which 15N has been added as a small amount of labeled nitrate or ammonium.  Many 

workers reported that the 15N isotope dilution method is more accurate than the 

difference method.  Vose et al. (1981) reported that the advantage of using 15N in 

quantifying N2-fixation is that one can separate the effects of fertilizer and 

soil N on nitrogen fixation.  It is also possible to separates the effects of 

agronomic practices which may affect yield in ways other than nitrogen fixation. 

Fried et al. (1977) indicated that to determine the amount of nitrogen fixed by a 

legume using the 15N isotope dilution method, it is necessary to apply 15N labeled 

fertilizer to both the N2-fixing and the non-fixing plants.  Then the atom % 15N 

excess in both plants are determined.  The amount of N2-fixed can then be 

calculated from the following equation: 

 



Amarger et al. (1979) indicated that when nitrogen fixation activity of 

nodulated plants varies, either because of the variety, level of fertilizer 

N or the time samples were taken, a proportional variation of isotopic N 

composition is observed.  These variations are incorporated in the estimates 

of the proportion of nitrogen fixed, which is justified.  They further 

reported that inoculation of soybean led to a decrease in the soil-derived N 

uptake and a lower 15N content in the nodulated than non-nodulated soybean.  

The N2-fixation estimates given by 15N were correlated with C2H2 reduction 

activity but not with the differences in N yield.  The results of these 

workers indicate that it is justified to use the variations in the isotopic N 

composition caused by the variety or species, level of fertilizer N, or the 

time when samples are taken, to estimate the nitrogen fixed. 

Fiedler et al. (1972), reported that routine analysis of 15N in 

agricultural samples is a problem facing many agricultural research stations 

because mass spectrometers are often not available and the investigators must 

depend on the services of other departments for the work.  Proksch (1969) 

reported that the Dumas method is acceptable for outline analysis of 15N in 

plant material.  When the enrichment is low, i.e., below 5% atom excess, the 

systematic errors introduced by nonrandom pairing of N atoms is negligible. 

The slightly higher 15N values found when Dumas values are compared with 

Kjeldahl values are probably due to the more complete conversion of NO3 in the 

sample with the Dumeis procedure.  Rennie et al. (1982), used the 15N isotope 

dilution method with two Canadian soybean cultivars and observed that N yield 

of inoculated cultivars was not affected by increasing rates of N application.  

The highest fertilizer use efficiency was 51% and 44% in uninoculated and 

inoculated cultivars, respectively.  Both cultivars had similar percent N 

derived from the atmosphere (% Ndfa) and amount of N fixed ha-1. 

2.6. Nitrogen Balance vs the 15N Isotope Dilution Methods 



Talbott et al. (1982), reported that estimates from the difference 

method and 15N method for the amount of total N2-fixed were highly correlated.  

The % N derived from fixation varied between the two methods, and was 

attributed to spatial variation of available soil nitrogen.  Vasilas et al. 

(1984) evaluated the N2-fixation measurement techniques and found that 

estimates by the difference method exceeded those by isotope dilution by an 

average of 5%, which was very small compared to the total variation.  They 

also observed that the difference method provided representative N2-fixation 

values where soil N conditions permit proper development of non-nodulating 

control plants, but do not depress N2-fixation.  The difference method and 

isotope dilution technique gave similar estimates at the 100 kg N rate with 

low soil N and at the 10 kg N rate with higher soil N.  These findings 

indicate that over a wide range of soil N regimes, the difference method 

gives as accurate a measure of N2-fixation as the more expensive and 

complicated isotope methods.  Rennie (1984) obtained different results when 

he evaluated two techniques commonly used to estimate N2-fixation over the 

growing season in field-grown legumes.  The total nitrogen balance method 

(difference method) generally gave a lower estimate of N2-fixation and was 

consistently less precise (higher experimental error).  Good agreement 

between the two methods was found in 70% of the experiments in which the 

amount of N2-fixed was estimated, but in only 60% of the experiments in which 

the percentage N2-fixed was estimated.  He also indicated that nitrogen 

balance method was most reliable in experiments where soil N was low, so 

that non-fixing plants showed signs of N deficiency by anthesis.  He 

concluded that the nitrogen balance (difference method) cannot be used with 

confidence to estimate N2-fixation in field-grown legumes. 

Rennnie et al. (1984) used 15N to determine N2-fixation in two cultivars 

of field beans receiving two rates of fertilizer N.  At 10 kg N ha-1, the 

amount fixed ranged between 114 and 124 kg ha-1.  The cultivar that fixed 



more nitrogen was observed to have a longer vegetative phase.  Thus, 

indicating that cultivars of field beans with longer vegetative phases tend 

to fix more nitrogen.  The authors concluded that when field beans are 

properly inoculated, they obtain more than 60% of their N from N2-fixation 

and good yields can be obtained without the addition of fertilizer N.  In 

another experiment, Rennie end Dubetz (1984) used the 15N isotope dilution 

method to quantify the amount of N fixed by soybean cultivars inoculated 

either with single strain or multi strains of Rhizobium japonicum.  They 

found that several strains gave the %Ndfa in excess of 50% and the fixed N2 

as high as 151 kg N ha-1.  They also observed that cultivar by strain 

combinations resulted in lower levels of fixed N2 and more soil N 

assimilated. 

In another field experiment, Rennie and Kemp (1983b) used the 15N 

isotope dilution method to quantify nitrogen fixation by different 

cultivars.  The authors found that in some cultivars, the addition of 40 kg 

N ha-1 caused a 10% reduction in percent N derived from the atmosphere 

(%Ndfa).  The amount of N fixed varied with the cultivar but not with the 

rate of applied N.  Some cultivars were superior when evaluated at anthesis 

but not at maturity, indicating a difference in the duration of the N2-

fixation of the cultivar. They observed a host-specific reaction to mineral 

N with regard to the nitrogen fixation supportive trait (nis).  This means 

that the effect of mineral N on nitrogen fixation supportive gene varied 

between different cultivars.  Climbing bean cultivars had a greater %Ndfa 

and thus were superior in the nitrogen fixation supportive trait (nis) than 

bush beans.  They further indicated that in the field, % Ndfa of beans was 

approximately 50%, with the other 50% being derived from fertilizer and/or 

soil N.  The actual amounts of N2-fixed varied between 40 and 125 kg ha-1, 

depending on the cultivar. 



In a related study, Rennie and Kemp (1983a) used the 15N isotope 

dilution method to quantify N2-fixation in field beans inoculated with 

different strains of Rhizobium phaseoli.  Their findings indicate that some 

strains fixed more than 100 kg N ha-1, resulting in dry matter and N yield in 

excess of those of control treatments.  They concluded that Rhizobium 

phaseoli are as efficient as other rhizobia in supplying fixed N2 to their 

host plant in the field without the addition of fertilizer N.  Witty (1983) 

indicated that field estimates of nitrogen fixation by any method in field-

grown legumes depended on the non-fixing control used. 

These findings suggest that 15N isotope dilution is a reliable method 

and can be used to quantify nitrogen fixation by different cultivates of 

field-grown legumes or by different Rhizobium strains.  However, conflicting 

results were obtained by various workers in comparisons of the nitrogen 

balance (difference method) with the 15N isotope dilution method for 

estimating the % of N2 fixed in field experiments.  This indicates that more 

research needs to be done to ascertain differences or similarities between the 

two methods in estimating nitrogen fixation by field grown legumes. 

2.7. Residual Nitrogen 

Mughogho et al. (1982) observed that yield of subsequent maize crops 

was increased by the incorporation of cowpea residues that made available to 

the corn crop the equivalent of 40-80 kg of fertilizer N ha-1.  Eaglesham et 

al. (1982) observed that cowpea cultivars increased soil nitrogen at low, but 

not at high, fertilizer inputs.  Soybeans fixed more nitrogen than cowpeas, 

but produced greater nitrogen depletion, because of the greater proportion of 

nitrogen removed with the seeds.  In another study, Eaglesham (1981), using 

the difference method estimated the N2 fixed by four cowpea cultivars ranged 

from 49-101 kg N2-fixed ha-1 per cycle.   With 25 kg ha-1 fertilizer 

nitrogen applied, there was a positive soil nitrogen balance of 2-52 kg N ha-

1.   Herridge (1982) reported that a fully symbiotic crop will enrich the soil 



with nitrogen, while the partly symbiotic crop may have no effect, and the 

non-symbiotic crop will reduce soil N level.  In the latter case, a subsequent 

non-legume crop may require supplemental inorganic nitrogen.  Rao et al. 

(1981) reported that legume rotation maintained higher levels of organic 

carbon and total nitrogen than cereal rotation.  It is believed that some 

legumes excrete some of the nitrogen fixed into the soil during the growth of 

the crop, but present evidence suggests that the amounts released under field 

conditions are small.  The main residual effect of a legume will depend on the 

proportion of nitrogen retained in the non-harvested residues and their rate 

of mineralization.  Narwal et al. (1983) studied the effects of preceeding 

grain legumes on the nitrogen requirement of wheat grown on sandy Ram soils. 

Yields of wheat were significantly increased when grown after black gram 

(110%), green gram (108%) and soybean (41%) compared to pigeon pea.  

Preceeding crops of green gram and black gram reduced the nitrogen 

requirement of a succeeding wheat crop by 30-60 kg N ha-1 compared with a 

reduction of 30 kg ha-1 after pigeon pea or soybean.  Pigeon pea was the 

least beneficial, but a pigeon pea/wheat cropping sequence produced maximum 

benefit.  Nambier et al. (1981) reported that intercropping peanut with 

cereal resulted in reduced nodulation and N2-fixation.  When grain millet was 

planted in rotation with peanut or maize supplied with 20 kg N ha-1, yields 

following peanut were 524 kg ha-1 greater than those obtained in the 

millet/maize rotation.  He further reported that one of the earliest 

recognized advantages of a legume crop was the residual N contributed to a 

subsequent crop. 

The results of these workers indicate that yields of cereals following 

legumes increased but the increase depended on the proportion of nitrogen 

retained in the non-harvest residues and their rate of mineralization. 



III. FIELD ESTIMATES OF NITROGEN FIXATION 

Information regarding nitrogen fixation by field-grown legumes is beneficial 

to cropping systems which depend on biological nitrogen fixation (BNF) for crop 

production. 

3.1. Materials and Methods  

3.1.1. Location and Soils  

Two field experiments were conducted in Kuiaha, Maui, in Hawaii located 200 54' 

N and 1560 17' W, 320 meters above sea level with annual rainfall of 2110 mm, most of 

which falls between November and April.  The soil in the area is the Haiku clay 

series (clayey, ferritic, isothermic Humoxic Tropohumult).  The mean annual soil 

temperature is 700 F. 

3.1.2. Land Use 

The primary use of the Haiku clay is pineapple production with residential and 

pasture as secondary uses.  The land has the following natural vegetation: Cassia 

leschenaultiuna, Lantana species, Guava (Psidium guajara), Grasses (Brachiaria 

mutica, Paspalum conjugatum, Paspalum arbiculare), and Legumes (Desmodium triflorum, 

Indigofera suffruticosa, and Mimosa pudica). 

3.1.3.  Experimental Design 

The experiment was arranged in a randomized complete block design (RCBD) with 

nine treatments replicated four times.  Plots consisted of four legume species 

soybean (Glycine max) var. Jupiter, peanut (Arachis hypogaea) var. Burpee Starr, 

cowpea (Vigna unguiculata) var. Knuckle Purple Hull and Bushbean Phaseolus vulgaris) 

var. Texas Wonder which were either inoculated or remained uninoculated.  In 

addition corn was grown as another non-fixing reference crop. These legume species 

will be collectively referred to as "N fixing legumes". The uninoculated bushbean 

and soybean together with sweet corn (U.H # 9) were the reference controls.  These 

will be referred to as "reference crops." 

 

 



3.1.4. Treatments 

The treatments were as follows: 

 

 

 

3.1.5.  Inoculation and Planting 

The seeds for each cultivar were inoculated immediately before planting with 

appropriate peat-based Rhizobium strains obtained from the NIFTAL Rhizobium 

Collection.  The strains were: TAL 1000, TAL 169, TAL 182, and TAL 102 for peanut, 

cowpea, bushbean, and soybean respectively.  Seeds for each plot were treated with 

3 ml gum arabic solution (40g L-l H20) then a peat based inoculant applied to the 

seeds at the rate of 10 g per 100 g seed, and then pelleted with 6 g of calcium 

carbonate.  Seeds were planted in four rows 5 m long and 65 cm apart.  The spacing 

resulted in plant population of 3x105, 1.05x105, 1.5x105, 1x105, and 0.8x105 plants 

ha-1 for soybean, peanut, cowpea, bushbean, and corn respectively.  Uninoculated 

plots were planted first in order to avoid cross contamination between plots.  

Subsequent field operations such as weeding were cautiously done to avoid transfer 

of rhizobia from inoculated plots to uninoculated plots.  Plants were thinned to 



one plant per hill 12 days after germination.  Lasso, a premergence herbicide was 

applied at a rate of 9 ml m-2 at the time of planting.  Thiodan, a foliar 

insecticide, was applied at a rate of 3 g m-2 3 days after emergence.  Plots were 

subsequently sprayed with appropriate chemicals to control insects.  Cowpea plots 

were replanted 7 days after emergence because of the damage by chemicals. 

3.1.6. Fertilizer and 15N Application 

All plots received a blanket fertilizer application of potassium as K2SO4, 

phosphorus as triple super phosphate, magnesium as MgSO4·7H20, zinc as ZnSO4, 

molybdenum as Na2MO3·H20 and boron as H2BO3 at rates of 250, 400, 67, 15, 1 and 5 kg 

ha-1, respectively.  Lime was applied at ten Mg ha-l as CaCO3 and dolomite in a ratio 

of 60:40 three weeks before planting.  A solution of 15N-labelled (NH4)2SO4, about 4 

atom % 15N, was prepared by dissolving 17.401 g of enriched material and 363.53 g of 

ordinary (NH4)2SO4 which were equivalent to 10 kg N ha-1, in 40 liters of deionized 

water.  The solution was then made up to 80 liters by adding more deionized water.  

Two liters were sprayed on the 15N microplot (see Fig.24 Appendix VI) which was 2.6 

m2 of 15 N.  The remmiinder of the plots received the equivalent of 10 kg N ha-l as 

ordinary ammonium sulfate.   All plots were sprinkler-irrigated soon after 

planting.  Subsequent moisture supply was maintained at 0.1 bar with the aid of 

tensiometers. 

3.1.7.  Determination of Indigenous Rhizobia in Kuiaha Soil 

Soil samples were taken from the uninoculated plots 11 days after planting.  

Samples were composited and a subsample of 50 g of dry soil was taken and mixed 

with 450 ml of sterile water and shaken vigorously for 10 minutes.  A series of 

dilutions ranging from 10-1 to 10-6 were made by adding 1 ml of suspension into 9 ml 

sterile water and repeated 5 times.  About 100 seeds of each species were surface 

sterilized and pregerminated in sterile vermiculite. Well germinated seeds of 

similar size and radical length were selected and transferred aseptically to growth 

pouches.  Seedlings in growth pouches received 30-40 ml of B&D plant nutrient 

solution.  There were 30 pouches to count dilution, for 10-1 to 10-6 in quadruplicate 



plus one control pouch following each group of four.  Plants were inoculated by 

pipetting 1 ml of each dilution (from 10-1 to 10-6) to each one of the four replicate 

in each set starting from the highest dilution and proceeding down the series with 

the same pipette.  For every species, the number of nodules for each dilution were 

recorded and the most probable number (MPN) determined 21 days after inoculation. 

3.1.8.  Sampling and Nitrogen Determination 

Plant samples for fresh and dry weight were taken at 30, 60, and 80 days 

after emergence (DAE) from sample rows of the main plots.  Samples for 15N were also 

taken at the same time from the 15N subplots.  Samples for nodule count, nodule dry 

weight, and plant dry matter yield were taken at 30 DAE, from border rows of N2-

fixing cultivars.  All plants sampled were composited for total N analysis.  No 

attempts were made to collect abscised leaves and petioles.  N2 fixation estimates 

for all sampling dates were based on the total above ground plant parts.  Plant 

samples were oven dried to a constant weight at 700 C, ground to pass a 1-mm screen, 

and then subsampled for N analysis. 

Total N was determined on all shoots by digesting 250 mg of oven dried 

samples (700 c) in 7 ml of concentrated sulfuric/salicylic acid mixture with sodium 

sulfate and selenium as a salt/catalyst mixture added, to raise the boiling 

temperature of the digestion mixture.  Alkaline phenol was used for color 

detection. The analysis was done by the Agricultural Diagnostic Services Center, 

Agronomy and Soil Science Department, University of Hawaii. 

For 15N determination, 100 mg of plant samples were mixed in a digestion tube 

with 3 ml of salicylic acid in concentrated sulfuric acid with 5g of sodium 

thiosulfate and allowed to react overnight.  Hydrogen peroxide (5 ml) and 10 g of a 

salt mixture consisting of K2SO4, CuSO4, and metallic selenium were added to the 

digestion tubes and the mixture heated for 3 hours in a digestion block.  The 

temperature was increased gradually from 150 to 350 C. The clear digest was mixed 

with 20 ml of 13N NaOH, steam-distilled, and the ammonia collected in 15 ml of 

0.02N H2SO4.  The distilling apparatus was cleaned between samples by distilling 20 



ml of ethanol through it.  The collected distillate was evaporated to 1 ml for 15N 

determination at the Las Alamos Scientific laboratory.  Calculation for atom % 15N 

excess was based on the natural abundance of 0.369 atom % 15N for Kuiaha Soils.  The 

atom % excess refers to the difference between the relative amounts of 14N and 15N in 

a given material and that of the natural abundance.  The natural abundance refers 

to the relative amounts of 14N and 15N of samples in nature.  Both the amount and 

percent N fixed for each cultivar were determined using the total nitrogen 

difference method and 15N isotope dilution method.  The difference method was based 

on the difference in total N between the N2-fixing legume (Nfl) and the reference 

crop (RC). Thus, 

N2 fixed = N yield (Nfl) - N yield (RC) ..(1) 

 

 

 

3.1.9.  Statistical Analysis 

Analyses of variance for the atom % 15N excess in reference crops, the effect 

of reference crops and harvest date on nitrogen fixation estimates, and inoculation 

response were carried out for each cultivar at all harvest dates. Regression 

analysis of the relationship between the estimates of fixed N by the two methods 

was carried out for all N fixing legumes at each harvest date. 



3.2.  Results and Discussions  

3.2.1.  Inoculation Response 

Total N yield (Figure 1) in field-grown legumes indicate that there were no 

differences between the inoculated and uninoculated species at 30 days after 

emergence (DAE).  At 60 DAE, soybean had significantly higher total N with 

inoculation than without inoculation.  Bushbean did not respond to field inoculation 

at 30 and 60 DAE, although uninoculated soybean and bushbean remained nonnodulated. 

Uninoculated peanut and cowpea were nodulated by native rhizobia.  Most probable 

number (MPN) studies using plant infection indicated that there were 1.0 x 104 and 

1.0 x 102 cowpea and peanut rhizobia g-1 of Kuiaha soil, respectively (Tables 12 and 

13, Appendix II).  At 80 DAE, only soybean responded significantly to inoculation.  

It appears therefore, that the soil had a sufficiently high level of N to depress the 

inoculation response of a short-term crop like bushbean, but not that of a long-term 

crop such as soybean.  This is substantiated by the total nitrogen yield of corn 

(106.4 kg N ha-1) at 60 days after emergence. 

3.2.2  Early Yield and Nodulation indices 

Indices of nodulation (nodule number, fresh or dry weight) can be used as an 

indirect method for estimating N2-fixation in field-grown legumes.  Larue et al. 

(1981) reported that within one cultivar, nodulation indices may be closely related 

to nitrogen fixation.  In this experiment, the parameters used to evaluate the 

relationship between nodulation indices and N2-fixation 35 DAE were: (1) plant dry 

weight vs. nodule dry weight and (2) percent shoot N vs. nodule dry weight.  

Regression analysis for total N yield against nodule dry weight indicated a highly 

significant negative correlation (r=-0.99** and r=-0.96**) for inoculated soybean and 

uninoculated cowpea, respectively, probably due to high soil heterogeneity.  There 

was no significant relationship between plant shoot N and nodule dry weight for most 

species.  When analysis of variance was carried out for total N yield, inoculated 

bushbean was not significantly different from inoculated and uninoculated peanut.  

Inoculated and uninoculated peanut, and inoculated cowpea were not significantly 



 



different from each other, but were significantly different from uninoculated 

cowpea and inoculated soybean (Table 1). 

These results suggest that at 35 days after emergence, N accumulation by 

inoculated bushbean was the highest though not significantly different from 

that of inoculated and uninoculated peanut.  More information could have been 

obtained if data on nodulation indices had also been collected at 60 and 80 

days after emergence. 

3.2.3.  Evaluation of Reference Crops 

Reference crops or non-fixing control plants are essential when using the 

15N isotope dilution method to estimate the nitrogen derived from fixation 

(Ndfa).  The control plants are also used to determine the contribution of soil 

nitrogen and/or fertilizer N to the N yield of the fixing plant (Fp).  Although 

there are several possible non-fixing controls, theoretically, the best control 

is the fixing system itself in non-fixing mode (Rennie et al., 1984).  Thus, in 

soils where no indigenous rhizobia exist, the uninoculated nodulating cultivar 

would be an excellent control.  In case where indigenous rhizobia exist, and a 

number of species are being tested, Rennie (1984) reported that a non-legume 

such as corn can be used.  Under such conditions however, the non-fixing 

control must assimilate its N from the soil and fertilizer N pool so that 

maximum N uptake is reached at about the same time after emergence as the 

fixing plant.  This means they should have identical 15N:14N ratios, but total N 

does not have to be identical to the legume species (Rennie and Kemp, 1984). 

The authors also reported that it is crucial that both the fixing and non-

fixing controls have similar rooting patterns. 

3.2.3.1  Total N Uptake 

In this experiment, the pattern of soil and fertilizer N uptake by corn 

was not similar to that of soybean or bushbean (Figure 2).  The lack of 

similarity between the reference crops was attributed to differences in 

rooting patterns and rates of maturity among the species, hence the  



 



differences in N uptake profiles. 

3.2.3.2. Atom % 15N Excess 

Analysis of variance for the atom % 15N excess in reference crops indicated 

that there were no significant differences between the reference crops at 30, 60, 

and 80 DAE.  The coefficient of variation for the atom % 15N excess in soybean, 

bushbean, and corn was 75.8 % at 30 DAE and 83.7% at 60 DAE.  At 80 DAE, the C.V 

for the atom % 15N excess in soybean and corn was 90.4%.  The high C.V for the 

atom % 15N excess in reference crops was probably due to non-uniform application 

of 15N solution, soil heterogenity, or the number of plants per sample.  The number 

of plants sampled depended on the number of plants Fer linear meter.  Soybean for 

instance, had more plants per meter than corn.  However, at 30 DAE, the linear 

dilution of the isotope ratios for soybean and bushbean as opposed to a non-linear 

dilution for corn was observed in a plot of atom % 15N excess against time for 

reference crops (Figure 3).  The dilution of the isotope ratios in inoculated 

soybean and both inoculated and uninoculated peanut were also linear (Fig.4).  On 

the other hand, the dilutions of isotope ratios in both inoculated and uninoculated 

cowpea were not linear, but more similar to that of soybean than that of corn. 

The similarity in N uptake and the pattern in the dilution of the isotope 

ratios in both uninoculated and inoculated soybean together with inoculated and 

uninoculated peanut meant that these crops were sampling N pools of identical 

15N:14N ratios.  The dilution of the isotope ratios in the fixing peanut and soybean 

was due to an N source of significantly lower 15N content, namely the atmosphere, 

and was attributed to N2-fixation.  The inoculated and uninoculated peanut together 

with inoculated and uninoculated soybean had similar N uptake patterns and were 

still growing at 80 DAE (Figure 5).  The dilution of the isotope ratios of both 

inoculated and uninoculated cowpea were also more similar to that of soybean than 

corn while the total N uptake pattern in inoculated cowpea.  Both crops matured at 

the same time and lost N between 60 and 80 days after emergence. 

Since bushbean was mature at 60 DAE, it could not be used as a reference crop     



 



 



 



 



crop for any fixing species other than fixing bushbean.  These findings 

suggest that uninoculated soybean is a good reference crop for estimating N 

fixation in soybean and peanut.  Corn is a good reference crop for 

estimating N fixation in inoculated cowpea, since the two species had 

similar N uptake profiles and reached maximum N content at the same time.  

This is in contrast to the dilution of the isotope ratios. 

3.2.3.3. 15N Dilution Method 

The effect of reference crops on N2-fixation estimates in field-grown 

legumes using the 15N isotope dilution method is shown in Table 2. 

Consistently higher estimates of fixation were obtained with soybean than 

with corn in all legumes, but the differences in estimates were not 

significant.  It should be borne in mind that where N fixation estimates 

were negative, a minimum value of 0.1 was included for statistical analysis. 

In order to compare bushbean (which matured in 60 days) with other 

reference crops, it was necessary to compare all reference crops with the 

mean values for 30 and 60 days after emergence (Table 3).  No significant 

differences were found between the reference crops.  However, soybean again 

gave the highest estimates followed by bushbean while corn gave the lowest 

estimates for all species.  Although there were no significant differences 

between the reference crops for the N fixation estimates, the low estimates 

given by corn confirm that N assimilation by corn at 30 and 60 DAE, was 

different from that of soybean and bushbean. 

3.2.3.4  Harvest Date by Reference Crop Interaction by  

 the 15N Method 

The use of soybean as a reference crop yielded consistently higher 

estimates of N fixed in inoculated cowpea than the use of corn at all 

harvest dates (Figure 6).  Cowpea appeared to lose N at 80 days after 

emergence according to the estimates obtained by using soybean as a 

reference crop, but gained N when corn was used as a reference crop.  Since   



 



 



both inoculated cowpea and corn were physiologically mature at the final 

harvest and soybean was still accumulating nitrogen, it is possible that 

estimates made using soybean at 80 days after emergence, may have been due to 

the differential N uptake by soybean and cowpea.  Nevertheless, these 

estimates suggest that inoculated cowpea lost more than 10 kg N ha-1.  In the 

case of uninoculated cowpea, there was no significant harvest date by 

reference crop interaction (Figure 7).  However, the use of soybean as a 

reference crop gave consistently higher estimates than the use of corn. 

Similarly, there was no significant harvest date by reference crop interaction 

for N2-fixation estimates in both inoculated and uninoculated peanut and in 

inoculated soybean (Figures 8, 9, and 10 respectively). 

These results indicate that when 15N isotope dilution method was used to 

estimate N fixed in field-grown legumes, the use of soybean as a reference 

crop resulted in non-significant higher estimates than when corn was used as a 

reference crop. 

3.2.3.5. Difference Method 

With the difference method, the use of soybean as a reference crop yielded 

significantly higher estimates of nitrogen fixed in uninoculated cowpea than 

when corn was used (Table 4).  There were no significant differences between the 

estimates of N fixation in the other species using soybean and corn.  When the 

nitrogen fixation estimates, obtained using all three reference crops, were 

averaged over the 30 and 60 days and compared (Table 5), the use of soybean as a 

reference crop gave significantly higher estimates in all species than the use 

of corn as a reference crop.  The use of soybean as a reference crop gave 

significantly higher estimates in inoculated bushbean than when bushbean was 

used as a reference crop.  Estimates obtained when bushbean was used as a 

reference crop were significantly different from the estimates obtained when 

corn was used in most species except inoculated soybean and bushbean.  The use 

of soybean as a reference crop resulted in higher estimates for all species 



 



 



 



 



 



followed by bushbean, while the use of corn always gave the lowest estimates. 

These results indicate that at 30 and 60 days after emergence, the estimates 

obtained when soybean and corn were used as reference crops, were significantly 

different in all species.  Averaged over 30, 60, and 80 days after emergence 

however, the estimates obtained using soybean and corn as reference crops were 

significantly different in uninoculated cowpea. 

3.2.3.6. Harvest Date by Reference Crop Interaction by the 

Difference Method 

When the difference method was used to estimate the amount of N fixed in 

various legumes with soybean and corn as reference crops, significant harvest 

date by reference crop interactions were observed.  For inoculated cowpea, 

there was a significant interaction between harvest date and reference crop 

(Fig.ll).  At 60 DAE, the use of soybean as a reference gave significantly 

higher estimates in inoculated cowpea than the use of corn.  At 30 days after 

emergence, the use of soybean as a reference crop gave non-significant higher 

estimates than the use of corn.  Estimates obtained using corn as a reference 

crop at 80 DAE were higher than those with soybean but were not significantly 

different.  In the case of uninoculated cowpea, a highly significant harvest 

date by reference crop interaction (P < 0.01) was observed (Fig.12).  The use 

of soybean as a reference crop gave significantly higher estimates than the 

use of corn at 60 days after emergence.  The estimates at 30 and 80 DAE using 

soybean as a reference crop were non-significantly higher than the use of 

corn.  Significant differences between estimates using soybean and corn as 

reference crops at 60 DAE were attributed to large differences in N uptake 

between cowpea and corn at 60 days after emergence.  There was no significant 

harvest date by reference crop interaction for inoculated peanut (P < .09).  

However, the use of soybean as a reference crop gave a significantly higher 

estimate than the use of corn at 60 DAE.  At 80 DAE, the use of corn gave a 

non-significantly higher estimate than the use of soybean (Fig.13).  The     



 



 



higher estimate obtained with corn as a reference crop at 80 DAE may have been 

due to the differential N uptake by corn and peanut since peanut was still 

accumulating N while corn was mature.  Moreover, the total N yield by corn at 

80 DAE was lower than at 60 DAE, suggesting that corn must have lost N between 

60 and 80 DAE.  Such a loss of total N by corn explains why N fixation in 

inoculated peanut may have been overestimated.  For uninoculated peanut, the 

use of soybean as a reference crop gave significantly higher estimates than the 

use of corn as a reference crop at 60 DAE (Figure 14).  At 30 and 80 DAE, the 

estimates using both soybean and corn as reference crops were not significantly 

different although the use of soybean as a reference crop gave higher estimate 

than they use of corn.  There was no significant harvest date by reference crop 

interaction for the N2-fixation estimates in inoculated soybean (Figure 15). 

However, the use of soybean as a reference crop gave consistently higher 

estimates than the use of corn at all dates.  At 80 DAE, estimates by corn and 

soybean were close probably because corn lost N at 80 DAE and the amount of N 

fixed by inoculated soybean may have been overestimated. 

 These results indicate that on the average, the N fixation estimates 

obtained by using soybean as a reference crop were higher than those obtained 

when bushbean and corn were used as reference crops.  The N uptake pattern for 

the soybean reference crop was similar to that of inoculated peanut, 

uninoculated peanut, and inoculated soybean.  The N uptake pattern of corn was 

similar to that of the inoculated cowpea, but different from those of other 

legumes.  The harvest elate by reference crop interactions which were observed 

with the difference method might have been caused by the large differences in N 

uptake pattern between corn and the legumes.  The results are also in agreement 

with those of Witty (1983), who found that the ideal legume-control combination 

should have similar rooting patterns and similar N uptake profiles, 

specifically the same crop growth constant and the same time to half maximum N 

content.   



 



 



 



 

 

 



 



3.2.4.  Nitrogen Fixation Estimates by the 15N Method 

The two parameters evaluated in the N2-fixation estimates by the 15N 

method were harvest date and the reference crops.  As displayed in table 6, 

inoculated cowpea attained maximum N content between 60 and 80 days after 

emergence (DAE).  There were no significant differences between the 

estimates at 60 and 80 DAE.  However, estimates at 30 days were 

significantly different from estimates at 60 and 80 DAE.  Nitrogen fixation 

estimates in uninoculated cowpea at 60 and 80 DAE were not significantly 

different.  Maximum N content in uninoculated cowpea was at 80 DAE.  

However, estimates at 30 DAE were significantly different from estimates at 

60 and 80 DAE.  While N fixation estimates in inoculated cowpea showed a 

decline at 80 DAE, N fixation estimates in uninoculated cowpea showed an 

increase.  It appears from these results that the N fixation period in 

inoculated cowpea was shorter than that in uninoculated cowpea probably due 

to different rhizobia strains.  N2-fixation estimates in inoculated peanut 

at 80 DAE were significantly different from estimates at 30 and 60 DAE which 

were also significantly different from each other.  Similarly, N fixation 

estimates in uninoculated peanut at 80 DAE were significantly different from 

estimates at 60 and 30 DAE which also were significantly different from each 

other.  Although the N fixation estimates in inoculated peanut were not 

significantly different from the estimates in uninoculated peanut at each 

harvest date, the estimates in inoculated peanut were higher than those in 

uninoculated peanut at 60 and 80 DAE.  N fixation estimates in inoculated 

soybean at 80 DAE were significantly different from estimates at 60 and 30 

DAE which were also significantly different from each other.  In the case of 

bushbean, N fixation estimates at 30 and 60 DAE were not significantly 

different. 

These results indicate that N fixation estimates in inoculated peanut, 

uninoculated peanut and inoculated soybean followed the same pattern,   



 



increasing from lowest at 30 DAE to highest at 80 DAE.  This is probably 

because peanut and soybean were long-duration crops compared to bushbean and 

cowpea which were short-duration crops.  Within species however, only cowpea 

attained maximum nitrogen fixation at different harvest dates probably as a 

result of inoculation with exotic or native rhizobium strains in the inoculated 

and uninoculated cowpea, respectively. 

3.2.5.  N 2-Fixation Estimates by the Difference Method 

The difference method has been reported to be less accurate than the 15N 

isotope dilution method by many workers (Rennie et al. 1984., Patterson 1982., 

Vasilas et al. 1984).  The N fixation estimates calculated using the difference 

method were based on the total N balance between a N2 fixing (F1) and a non-

fixing system (nFs).  Thus, 

N2-fixed = N yield (Nfl) - N yield (RC). .....(1) 

The effect of harvest date on the mean of nitrogen fixation estimates 

using soybean, bushbean and corn as reference crops in field-grown legumes 

calculated using the difference method is given in Table 7.  N fixation 

estimates in inoculated cowpea at 30 DAE were significantly different from the 

estimates at 60 and 80 DAE which were significantly different from each other. 

Maximum N fixation in inoculated cowpea occurred between 60 and 80 DAE. At 80 

DAE, N fixation estimates in inoculated cowpea were less than the estimates at 

60 DAE, indicating that inoculated cowpea lost N. N fixation estimates in 

uninoculated cowpea at 30 DAE were significantly different from estimates at 60 

and 80 DAE which were not significantly different from each other.  At 80 DAE, 

N fixation estimates in uninoculated cowpea were still increasing.  N fixation 

estimates at 30 DAE in inoculated and uninoculated peanut were significantly 

different from estimates at 60 and 80 DAE which were significantly different 

from each other.  N fixation estimates at 80 DAE in both inoculated and 

uninoculated peanut were still increasing.  Similarly, N fixation estimates at 

30 DAE in inoculated soybean were significantly different from estimates at 60  



 



and 80 DAE which were significantly different from each other.  At 30 and 60 

DAE, N fixation estimates in inoculated bushbean were not significantly 

different. 

These results indicate that N fixation estimates in a short-duration 

crop such as bushbean were not significantly different at 30 and 60 DAE.  For 

an intermediate-duration crop such as cowpea, N fixation estimates at 30 DAE 

were significantly different from estimates at 60 and 80 DAE which were in 

turn not significantly different from each other.  In long-duration crops 

such as peanut and soybean, N fixation estimates at 30, 60, and 80 DAE were 

significantly different from each other. 

3.2.6.  Comparison of the Methods 

The parameter which was used in the evaluation of the two methods was 

the amount of nitrogen fixed by all the inoculated legumes at three harvest 

dates using the three reference crops.  The relationship of the estimates for 

the amount of nitrogen fixed at 30 days after emergence using soybean as a 

reference crop is displayed in figure 16.  The correlation between the 

difference and the 15N isotope dilution methods was very low (r=0.15).  When 

bushbean was used as a reference crop, the correlation was also low (r=0.38) 

as displayed in figure 17.  When corn was used as a reference crop, the 

relationship between the estimates by the difference and 15N methods was 

negative (r=-17) as is shown in figure 18. 

These results indicate that there was no agreement between the two 

methods using soybean, bushbean, and corn reference crops at 30 DAE.  At 60 

days after emergence however, the correlation (r=0.82**) for the relationship 

of the estimates by the difference and the 15N isotope dilution methods using 

soybean as a reference crop was high and significant (Figure 19).  Similarly, 

the correlation (r=0.77**) for the relationship between the estimates by the 

difference and the 15N isotope dilution methods using bushbean was high and 

significant (Figure 20).  When corn was used as a reference crop, the  



 



 



 



 



 



 



correlation (r=0.11) for the relationship between the difference and the 15N 

isotope dilution methods was very low (Figure 21).  At 80 DAE, the correlations 

(r=0.91** and r=0.69**) for the relationship between the estimates by the 

difference and the 15N isotope dilution methods using soybean and corn, 

respectively, were high (Figures 22 and 23).  At 30 DAE, the coefficients of 

variation of the estimates by the difference method using soybean, bushbean, and 

corn were 110.3, 141.7, and 234.9 respectively (Table 8).  At 60 DAE, the 

coefficients of variation (31.7, 43.1, and 111.7) of the estimates by the 

difference method using soybean, bushbean, and corn as a reference crop 

respectively were lower than those obtained at 30 DAE.  However, the coefficient 

of variation of the estimates by the difference method using corn as a reference 

crop at 60 DAE, was still very high compared to those obtained when soybean and 

bushbean were used as reference crops.  At 80 DAE, bushbean was already mature 

and the coefficients of variation (28.3 and 49.8) of the estimates by the 

difference method using soybean and corn respectively were lower than those 

obtained at 60 DAE.  The lowest coefficient of variation (28.3) of the estimates 

by the difference method was obtained when soybean was used as a reference crop 

at 80 DAE.  This explains why the best agreement (r=0.91**) between the 

estimates by the difference and the 15N isotope dilution methods was obtained at 

80 DAE using soybean as a reference crop. 

These results indicate that agreement between the estimates by the 

difference and 15N isotope dilution methods was possible depending on (1) the 

time of harvest, (2) the type of reference crop used, and (3) the coefficient of 

variation of the estimates by the difference method.  Thus, at 30 DAE, there was 

no agreement between the estimates by the difference and the 15N isotope dilution 

methods.  At 60 DAE however, there was agreement between the two methods when 

soybean and bushbean were used as reference crops, but not when corn was used as 

a reference crop.  At 80 DAE, the best agreement between the estimates by the 

difference and the 15N isotope dilution methods was obtained with soybean as the  



 



 



 



reference crop rather than corn.  There was agreement between the estimates by 

the two methods whenever the coefficients of variation of the estimates by the 

difference method were less than 100%. 

These results are in agreement with those of Talbott et al. (1982).  

They found close agreement between the 15N and the difference methods with 

correlations ranging from r=0.89 to r=0.92 in two sets of experiments.  The 

authors however, found poor agreement between the two methods (r=0.38) when 

the percent of total nitrogen fixed (%Ndfa) was used as the parameter for the 

evaluation.  Rennie (1984), working with phaseolus cultivars also obtained 

good agreement between the 15N and difference methods most of the time when the 

soil N values were low with only isolated instances of good agreement when 

soil N values were high.  Vasilas et al., (1984) also found excellent 

agreement between N fixation estimates of the 15N and the difference methods 

estimates when soil N conditions permitted proper development of the control 

plants, but did not depress N2 fixation. 



IV. RESIDUAL NITROGEN 

As most of the tropical soils are limited in their ability to sustain 

continuous crop production due to low nitrogen, and the cost of inorganic 

fertilizer nitrogen increased, biological nitrogen fixation became the only 

alternative cheap source of nitrogen for crop production.  Information on the 

residual N contribution to the cropping system by cowpea, peanut, soybean, and 

bushbean can be used by farmers to improve their crop production practices. 

4.1.  Materials and Methods  

4.1.1.  Land Preparation 

 The experiment was planted approximately one year after the first 

experiment.  Sweet corn (U.H # 9) cv. "Super sweet" was grown on plots that 

had either been left fallow, grown cowpea, peanut, soybean, and bushbean 

inoculated or uninoculated, or sweet corn in the previously described 

experiment.  Weeds were kept to a minimum after harvesting the first 

experiment.  A rotovator was used to plow the plots before planting. 

4.1.2.  Experimental Design 

The experiment had been installed in a randomized complete block design 

with 12 treatments replicated four times in the first experiment.  Plots 

consisted of 4 rows 5 meters long and 65 cm apart.  

4.1.3.  Treatment Design 

The treatments were as described in Experiment I plus three plots which 

had been left fallow.  Urea was applied to all fallow plots at 0, 50, and 100 

kg N ha-l; these amendments represent treatments 10, 11, and 12, respectively 

as shown in figure 24. 

4.1.4.  Planting and Management 

Sweet corn (U.H # 9) cv. "Super sweet" was planted in all plots at 20 cm 

between hills and 65 cm between rows, giving a plant population of 

approximately 76,000 plants ha-1.  Rows in each plot were run approximately 

along the rows of the previous experiment with equal width.  Furadan was 



 



applied at the time of planting at a rate of 3 g/linear meter in furrow rows 

together with seeds to control stemborers.  Drip irrigation lines were laid 

along the corn rows and plots were irrigated to field capacity every time the 

top two inches of the soil were dry.  Nitrogen in the form of Urea was applied 

to the fallow plots at 0, 50, and 100 kg N ha-1 in two doses, 1/3 at planting 

and 2/3 at 40 days after planting. 

4.1.5.  Harvest and Data Collection 

Plant samples for fresh and dry weight were harvested from three meters 

of the inner rows of each plot 50 days after planting.  Subsamples were taken, 

fresh weight recorded, then subsamples were ovendried at 700, and dry weight 

recorded.  Samples were then ground to pass a 1 mm screen, and subsampled for N 

analysis.  Total shoot N was determined on above-ground plant parts.  Nitrogen 

was determined by the Agricultural Diagnostic Services Center, Agronomy and 

Soil Science Department, University of Hawaii.  Analysis of variance and the 

Waller test were used to compare treatment means of total N yield. 

4.2.  Results and Discussion  

4.2.1.  N Yield 

Fallow + 100 kg N ha-l (12) gave the highest N yield and was significantly 

different from other treatments (Table 11). Inoculated cowpea (1) gave the 

second highest N yield followed by Fallow + 50 kg N ha-1 (l1) but the two 

treatments were not significantly different from each other, and were not 

significantly different from the corn (9), uninoculated soybean (6), inoculated 

soybean (2), uninoculated cowpea (5), and Fallow + 0 kg N ha -1 (10).  They 

were, however, significantly different from plots which grew inoculated 

bushbean (4), inoculated peanut (3), uninoculated bushbean (8), and 

uninoculated peanut (7).  Since most of the N contributed by the corn plot (9) 

came from mineralized soil nitrogen, and these contributed more N than the 

Fallow + 0 kg 14 ha-1 (10), it appears that mineralization of soil N in plots 

that previously grew corn was higher than in fallow plots.  However, total N 



yield by corn in Experiment I at 60 days after emergence was 106.4 kq N ha-1 

while total N yield of corn at 50 days after emergence was 59.15 kg N ha-1 in 

Experiment II.  It is not clear whether the N that was lost by both corn and 

inoculated cowpea in Experiment I was responsible for the relatively high 

residual N contribution to the subsequent crop in Experiment II.  These 

findings emphasize the difficulties involved in quantifying the residual 

nitrogen from the BNF to the cropping systems. 



 



V. CONCLUSIONS 

The major conclusions drawn from a field experiment to evaluate the 

measurement of nitrogen fixation by field-grown legumes are given below. 

1.  Soil N was sufficiently high that it suppressed the inoculation 

response of bushbean, an early maturing legume, but not of soybean, a late 

maturing legume, indicating that soil N level affects the inoculation response 

by field-grown legumes with varying rhizobial requirements. 

2.  There was no relationship between nodulation indices and dry matter 

yield at 35 days after emergence. 

3.  There was no significant difference in 15N uptake between the 

reference crops, soybean, bushbean and corn. 

4.  There were no significant differences between N fixation estimates 

using soybean and corn as reference crops with the 15N isotope dilution method. 

5.  Nitrogen fixation estimates using soybean as the reference crop were 

significantly higher than the estimates using corn as the reference crop by the 

difference method for inoculated cowpea, uninoculated cowpea, and uninoculated 

peanut.  However, N fixation estimates using soybean as a reference crop were 

not significantly different from the estimates using corn as a reference crop 

for inoculated peanut and soybean. 

6.  The use of bushbean as a reference crop was only suitable for 

inoculated bushbean since it matured before the other species. 

7.  There was no agreement between the 15N isotope dilution and the 

difference methods in the estimates of the amount of N fixed at 30 days after 

emergence with any of the three reference crops. 

8.  There was agreement between the estimates by the 15N and the 

difference method at 60 days after emergence using soybean and bushbean as 

reference crops, and at 80 days using soybean and corn as reference crops. 

9.  The best agreement between the two methods was obtained at 80 DAE 

using soybean as a reference crop. 



10.  The coefficient of variation for the N fixation estimates by the 

difference method was lowest with soybean and highest with corn as reference 

crops at all three harvest dates. 

11.  It is difficult to estimate residual N contributed by field-grown 

legumes without measuring the portion of the soil N that was mineralized during 

the period between the legume and the subsequent crop. 
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