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Abstract. Fe-efficient Hawkeye and Fe-inefficient PI-54619-5-1 soybean plants were grown in perlite cul
ture to study the effect of nitrogen form (NO;, NH; or N2-atm.) on the growth response and iron uptake 
and translocation. Both genotypes showed the same response to N form. NH4-fed plants did not grow well 
and exhibited chlorosis, restricted growth and necrotic spots throughout the leaves. The magnitude of 
plant growth was in the order of N03>N2>NH4. 

Ammonium treatment resulted in greater plant iron content but the total uptake was reduced. This 
reduction was due mainly to the reduction of dry matter as a result ofNH4 toxicity. The limitation of NH4 
as a sole N form is discussed on the basis of its effect on the pH of the growing media and/or its 
toxicity per se. 

Introduction 

Legumes growing under conditions of a minimal ionic N supply, dearly have some 
metabolic processes substantially different from those of other legumes and non
legumes receiving much of their N via entry of NO; and/or NH; into the root cells. 
First, effectively nodulated plants have a sequence of N assimilation and transport 
functions which differ in kind and location from non-nodulated plants. Secondly, a 
low NO; or NH; supply in the soil implies a much decreased influence of any mod
erating (antagonistic or sinergistic) effect of these ions on the uptake and transloca
tion of other essential elements [I]. 

Uptake and assimilation of the ionic N forms results in substantial cytoplasmic 
generation of H ions and their secretion to the ambient solution, depending on wea
ther the dominant form is NH; or NO; [2, 3]. In addition, excess cation uptake 
causes substantial rhizosphere acidity generation [2]. 
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Brown et al. [4] and Landsberg [5] showed that Fe-deficiency can result in 
increased acidification of the nutrient solution. This acidity may influence the avail
ability of P, Fe, Al and probably other trace metals present in the growing media. 

The objective of the present study was to examine the effects of different forms 
of nitrogen (NO" NH; or N,) on the growth and iron uptake and translocation of 
soybean plants. 

Materials and Methods 

Plant culture 
Soybean seeds (Glycine max (L.) Merr.) of the Fe-efficient Hawkeye (HA) and 

the Fe-inefficient PI-54619-5-1 (PI) genotypes [6] were obtained from the U.S. Reg
ional Soybean Laboratory, Urbana, Ill. The seeds were surface sterilized prior to 
planting by soaking into 75% (v/v) ethanol for three minutes followed by extensive 
rinsing with deionized water. The seeds were then inoculated with a commercial 
source (Agway, Inc. Syracuse, N.Y.) of Rhizobiumjaponicum and then planted in 
perlite in 20.5 em diameter pots. One week after germination, seedlings were thin
ned to three per pot. All nutrient treatments were initiated after the primary leaves 
had begun to unfold. Nutrient solutions containing N (10 mM) were prepared by 
adding Kn03 or (NH4) 2S04 to a N-free nutrient solution composed of: 1.9 mM 
CaS04, 4H,O, 4.7 mM K,S04' 1.0 mM MgS04. 7H,O, 0.25 mM KH,P04, 0.25 mM 
K,HP04, 18 j.<M FeEDTA, and 1 ml of micronutrient stock solution containing (gil): 
3.72 KCI, 1.54 H

3
B0

3
, 0.83 MnS04.H,O, 0.57 ZnS04. 7H,O, 0.125 CuS04.5H,O, 

and 0.12 Na,Mo04. 2H,O. The K concentration of all solutions, including the N-free 
solution, was made equal to that of the 10 mM KN03 solution by adding the approp
riate amounts of K,S04' The initial pH of the treatment solutions ranged from 5.8 to 
6.0. Plants were cultured in an unshaded greenhouse. Illumination was provided by 
daylight, supplemented with incandescent lamps. During daylight hours, ambient 
temperatures were kept below 37°C with evaporative cooling. Night temperature 
was allowed to equilibrate with outdoor temperature by leaving vents open. The RH 
ranged from 40 to 50 % at midday and from 80 to 90 % at night. 

Analytical procedure 
At harvest (34 days from germination), plants were separated into leaves, stem 

plus petioles, and roots plus nodules. Root samples were rinsed twice in deionized 
water to remove surface contaminants. Plant material was dried in a forced air oven 
at 75°C for 48 hr. Dry weights were recorded and the dried materials were ground in 
a stainless steel Wiley mill using a 30 mesh screen. Ammonium nitrogen was deter
mined by Kjeldahl analysis [7] and iron determination was made by atomic absorp
tion spectrophotometry. The data were then statistically analysed by the method of 
Steel and Torrie [8]. 
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Results and Discussion 

Dry matter and nitrogen 
The overall growth of N,-dependent plants was restricted, relative to plants 

supplied with NO,-N, due to N stress (evidenced by yellow leaves during the first 
week of growth). At harvest, however, the leaves of plants dependent on NO, or N,
N were of normal green color and it was evident that nodules became capable of sup
plying adequate N for growth. The lattcr was further supported by similarities among 
treatments in the N percentage of the leaves (Tables 1 and 2). Althe N concentration 
used in this study (10 mM), NO;and NH; forms inhibited nodulation and, therefore 
these plants were almost exclusively dependent upon NO, or NH4 for their N supply. 

The greatest production of dry malter took place in NO,-dependent plants fol
lowed by N2 and NH4-dependent plants, respectively (Table I). The total accumula
tion ofN (Table 3) followed a similar trend as the production of dry matter in relation 
to N form. Plants deriving varying amuunts of N from the different N forms followed 
about the same proportions of the total dry matter to the different plant parts. About 
50-60 % of the total dry matter accumulated by plants was allocated to thc leaves 
irrespective of N form. The relative distribution among plant parts varied with the 
source of N (Table 1). The growth of the stem was proportionally the same, in rela
tion to the rest of the plant in all the three N forms (21-25 % of the total). Thus, thc 
morphological appearance of the planl was altered in terms of size but not in propor
tion. These observations are in agreement with those reported by Dejong and Phil
lips [9] for Alaska peas. 

The poorest dry matter production in NH4-fed plants (Table 1) may be, in part, 
attributed to a possible release of H ions associated with NH4 uptake which may have 
led to acidification of the growing media to a point that limited somewhat root 
growth, or due to an accumulation of NH4 ions in the cytoplasm which become toxic 
to the plant [10 and 11]. 

Ammonium fed plants exhibited physiological and morphological disorders in 
comparison to those dependent on l\O, or N, for their N supply. These disorders 
were observed as chlorosis of the leaVeS, restricted growth, necrotic spots, and, in 
some cases, death of the leaves. 

The mcchanism of NH; toxicity is not known. It has been suggested that NH4 
ions substitute for K ions and prevent the latter from fulfilling their role in protein 
structure [121. There is also evidence that NH; effectively inhibits respiration [13J. 
Photosynthesis may also be restricted by NH4 ions through the uncoupling of noncyc
lic photo-phosphorylation [14]. This may explain why the total root mass (dry 
weight) was significantly lower in NH4-fed plants as compared to NO, or N2-depen-
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Table 1. Dry matter yield of HA and PI soybean genotypes as affected by nitrogen form in the nutrient 
solution. 

Dry matter 
Nitrogen Genotype 
form Root Stem Leaves Total 

glplant 

NO., HA 0.57a* 0.75a 1.75a 3.07a 
PI O.50b O.77a l.73b 3.00b 

NH, HA O.t6e O.14c O.35d O.65e 
PI 0.141 O.l3e 0.35d 0.621 

N, HA O.30d O.44b L 12c l.86d 
PI O.35c OA5b 1.13c 1.93c 

.. values are means of four replicates. 
Means within a column followed by the same letter are not significantly different at P = 0.05 according to 
Duncan's Multiple Range Test. 

dent plants (Table I), and may also explain, to some degree, the reduction of dry 
matter produced by NH4-grown plants in spite of the presence of nearly equal (if not 
higher) amounts ofN within the tissue as in plants grown with NO, or N,-N. The two 
soybean genotypes tested gave almost the same response regarding the N forms (Ta
bles I, 2 and 3). 

Table 2. Nitrogen and iron content of HA and PI soybean genotypes as affected by nitrogen form in the 
nutrient solution. 

Nitrogen Iron 
Nitrogen Genotype 
form Root Stem Leaves Root Stem Leaves 

% --- J,Lg/g dry matter ---

NO~ HA 2.97a 1. 97c 3.96a 133.75d* 48.75b 132.S0ab 
PI 2.89b 1.88d 3.84b 91.25e 43.75b 62.00d 

NH, HA 3.01a 3.02a 3.94a 356.25a 110.00, 138.75a 
PI 2.95ab 2.86b 3.94a 197.50b 38.75h 138.75a 

N, HA IA6c 1.70e 3,77b 140.00d 48.00b 121.25b 
PI 1.47c 1.66e 3.76b In.50c 42.50b lOS.OOc 

* values are means of four replicates. 
Means within a column followed by the same letter are not significantly different at P = 0.05 according to 
Duncan's Multiple Range Te!ot. 
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Table 3. Total N and Fe uptake of HA and PI soybean genotypes as affected by nitrogen form 

N Fe 
Nitrogen Plant 
form part HA PI HA PI 

mg/plant - ,u/plant 

N03 root 16.13* 14.45 76.24 45.62 
stem 14.77 14.48 36.56 33.69 
Icaves 69.30 66.43 231.H7 107.26 
total 101.()() 95.36 344.67 186.57 

NH, root 4.82 4.13 57.00 27.50 
stem 4.23 3.72 15.40 5.04 
leaves 13.79 13.79 48.56 48.56 
total 22.84 21.64 120.96 81.10 

N2 root 4.38 5.14 42.00 60.37 
stem 7.48 7.47 19.80 19.12 
leaves 42.22 42.49 135.80 IIH.65 
total 54.10 55.10 197.60 198.14 

* values are mcans of four replications. 

Iron 
Data presented in Table 2. show clearly that the Fe-efficient genotype HA was more 
efficient in taking up Fe than the Fe-inefficient genotype PI. The Fe content was also 
influenced hy the N source with the greatest content being produced with the NH. 
source. The total Fe uptake was higher for HA than for the PI soybean plants under 
all N treatments but the PI plants translocated the same amount of Fe to the leaves 
as did the HA in the NH. treatment. These differences in Fe uptake among the two 
soybean genotypes arc mainly due to the genetic control of Fe uptake 14]. 

The Fe-efficient genotype HA produces more H ions and reductant than does 
the Fe-inefficient genotype PI. Acidic as well as reducing conditions are known to 
increase Fe availability and plant uptake (Table 2). The effect of N source may be 
due to a release of H+ ions to the root medium. as a result of NH: intake or N') fixa
tion. The lack of such H ions release hy the NO, supplied plants resulted in less Fe 
uptake. These results agree with those obtained by Israel and Jackson 12]. The total 
Fe uptake was higher for HA plants than for PI plants at any N treatment (Table 3). 
The reduction in total Fe uptake in hoth genotypes when plants were supplied with 
NH4 is due mainly to the reduction in dry matter production as a result of NH4 toxic
ity as mentioned earlier. 
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In conclusion, one may speculate about the results obtained, with much of this 
speculation based on a greater production of H ions and therefore a lower root sur~ 
face pH for the HA than for the PI genotypes. First, Fe uptake is related to the pro
duction of H ions as indicated by the greater uptake leads mainly to an accumulation 
of Fe in the roots. Therefore, there must be a second Fe control mechanism that con
trols Fe translocation to the plant tops. This second mechanism would be either the 
demand for Fe by the plant tops or the translocation mechanism itself. It has been 
suggested that Fe translocation may be limited by the amount of organic anion such 
as citrate available to form a negatively charged species forfe translocation [15]. 

Last, if the production of H+ ions in the presence ofNH; is the cause of reduced 
growth, there should be greater reduction in growth for the HA than for the PI 
genotype due to greater H+ ion production. Since the growth reduction was very 
similar. the NH4 + toxicity mechanism may be NH4 + accumulation in the plant rather 
than acidity. 
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