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hrevi0l.s studies have indicated tbt addition of niLsogen to 
Fe-inefficient 2154619-5-1 soybe~~~s, when grmn in cdcareous Hacienda 
lm. so i l ,  intensified iron chlorosis. It was  reasand t h a t  when 
large aml.mts of n i t r a t e  w e r e  taken up, mre hydraxyl ions w e r e  
e'irplled by roots with resul tant  less avai labi l i ty  of s o i l  Fe. It 
tms further reson& t h a t  if N were fixed ~~ynbiot ica l ly ,  cation (K, 
(22, Mg) q t a k s  m d d  considerably exceed anion (H2m4-, SO4=, C1-) 
uptake ~~5th m need for  uptake of la3- with resul tant  increase in 
protons excreLd. Iron avai labi l i ty  then w o l d  be increased and there 

, would be less Fe deficiency. An e x p e r h ~ ~ ~ t  was anducted w i t h  and ' 

w i t h o u t  &&tion w i t h  the  PI54619-5-1 soybeans in the calcareous 
soil to test L l e  a b i l i t y  of nodues to prevent Fe chlorosis. The only 
plants in the ' ex 'pe rhn t  w i t h  ncdules were those with i n n d u r n  added 
and these p l a i t s  w e r e  I T D S ~  ,free of Fe chlorosis. Iron a r d y s e s  indi- 
cated thz t  tFle hyp thes i s  m y  be co-me&. It can be concluded that 
eation-mion uptake balance has math ta do w i t h  the onset of 
inkced dnlorosis. The re la t ive  uptake of mr++ .and N03- s~ecies of 
nitrogen can be irrportant ans idera t ions  in the cation-mAon balance. 

Nitrate uptake by plants has been skmn to  be my much inhibited 
by Fe deficierlcy (Wallace e t  al. 1971). Less NO3- (or any anion). 
uptake i n  relationship to cation uptake m u l d  result in H+ excretion 
by mts. Iron deficient roots are kncwn to rake the  external solution 
more acid (Landsberg 1981, Wallace et zl. 1968) . An interest ing 
c n r o l l a z ~  to L l s  is tha t  plants  with a sqlr33iotic N-fixstion relation- 
ship would have great  resistance to Fe deficiency because of the large 
potential  for r c l ~ ~  of & fram cation uptake whi& in turn would 



help to rrnbilize Fe frm soil. Is this a reason why soybeans are 
often Fe deficient during their first tm or three weeks and then 
becane green after the symbiosis starts? Another interesting relation- 
ship is that high.Hm3- levels in so i l  or h i g a t i o n  w a t e r  are very 
conducive to the onset of Fe deficiency because Ha3'.  would neutralize 
the produced and circumvent the plants' abil i ty to use that 
mchanism for overcaming its Fe deficiency. 

Organic acids are synthesized in plants to maintain electro- 
chemical balance. A nodel which q l a in s  proton release with Fe 
deficiency and simultaneously increased organic acids in plants 
fo l lms  : 

Ehhanced cation uptake (I? for ewmple) w i t h  equivalent 
proton release (the cation uptake -ds anion q take  
and the difference i s  equal to the m m t  of protons 
released). 

The m l i c  release of the H+ must result £ram the 
electron transport separation of water  with the OH' 
remaining in the plant resulting in KOH in plants as  
result of the Kf uptake. 

The O H  i s  buffered by a2 present and becaares H a , - .  
The H a 3 '  becoarres substrate for the PEP (phosphoenolpynnmte) 
-lase reaction. 

PEP + rim3- -, OAA- 

This &el results in H+ release to the external medium and 
organic acid formtion inside the plant. : 

'I& types of N03' uptake and assimilation lead to the result of 
no proton release to the external mdim and one of these involves 
organic acid synthesis and one does not (Wallace e t  al .  1976, 1979, 
1980). 

lst case. Both K+ and N03' are taken ~rp --,.--,-- - 

HN03 -+ amino acid 

m a 3  + ICt 4- mi- 



i s  used by PEP carbxylase as above to yield O W  or M a t e '  
H%?-+ =late- .t K m a t e .  

The net' result of ' m3 uptake is the production of both an amino 
acid and of the K salt of'an organic acid. 

2nd case. 

f333' only i s  t a k e n . ~ .  

An OH- expelled by m, -& rernains i n  root. 

Kt + NO3- -, H m 3 .  
HN03 -t amino acid. 

No organic acid i s  involved in case m. In neither of these 
t m  cases is a excreted to the external d m .  In case m, an 
OH- i s  expelled which can add to the Fe chlorosis problem. This 
h p r t a n t  effect of nitrate on the onset of Fe deficiency does cxmmnly 
occur when plants are in soil (Wallace et al. 1981). 

In  the special case of mmcots, Landsberg found that Fe 
deficiency did not result in proton release t o  the external rredium 
at  least in munts sufficient to cause significant acidification of 
solution. A m j o r  difference between mmmts and d i e  in their 
effects on Fe uptake may be that mnomts take up fewer cations than 
do dimts so that there i s  less likelibod of an excess cation over 
anion uptake in mmmts w i t h  l i t t l e  chance of H+ productim. 

Nm&ts would be mre likely than dicots to exclusively use the 
M nitrate assimilation rrrechanisms shcrwn which do not result in H+ 
excretion. One of these does lead to organic acid a d a t i c m  and 
would f i t  results obtained by Landsberg. Dimts would be less likely 
to use the Mi- &rl.isn in case tsm (without a cation) but use 
case one as well as the cation uptake mechanism without NO3- uptake 
which  wodd excrete Kt. With Fe deficiency there would be a shift to 
that rrrechanisn f m m  that of case one. 

The balance of electrons in the tm equations 

is such. that the whole molecule of W3 or of N&OH participates .in 
the reaction ~ i c h  does not result in a residual electrical charge 
(Wallace e t  al. 1976, 1979). This is the basis for many of the above 
mnclusions . 



MATERLASS AND ME!lMOIX 

PI54619-5-1 soybeans were grwn in 500 g. quantities of calcareous 
,- 

Hacienda lorn soi l  (fine-loamy, mixed, thermic aquic Natrargid) . For 
m e  set  seeds were innoculated and i n  another set  seeds were not 
innoculated. For both i n n d a t e d  seeds and noninnoculatd seeds, 
N was applied a t  a rate of 100 ilg N/g soil  as NH4W3 and no N was 
applied to other plants. When seven days old seedlings were trans- 
ferred from sand to the soil. Soil misture was maintained m a r  
-1/3 bar and plants were grown for 28 days. Plants were separated to 
plant parts, acid and deiorlized water =shed, dried, weighed and pre- 
pared for analysis by optical emission spectmmtry (Alexander and 
MSnulty, 1981). 

RESULTS AND DISL"USSI0N 

The soybeans gram with innoculum and without added N were ta l les t  
and qeenest a t  various stages of m r t h  and a t  harve.st t b  these were 
the only plants with nod.des. The worst looking plants and with the 
mst Fs deficiency were those with added N without inr~culum. This 
effect of N has been reported (Wzllace e t  al .  19  81) . The temha.1 
qmwing points of these plants died of Fe deficiency. Plants without 
i n n d m  and w i t h o u t  N were amst as green as those with innoculum 
and without N, but s m  leaves were yellw. 

It muld a p p z  that these results indicate that e l ~ ~ t i a n ' o f  
the need for ionic N uptake because of innoculation does minimize the 
effect of induced Fe chlorosis. When there is n e d  .for ND3- uptake, 
Fe ahlorosis can f o l l w  the ND3' uptake, but not when an Fe chelate 
source is "Llsed. 

The lack of chlomsis for the m-N innocullm treatrrwt was mst 
pronounce3 in the m tr i fo l ia te  leaves. Those leaves of this 'Jest- 
m ~ t  w s e  laest in P, lowest in K, highest in Ca (dl typical of 
freeibn £ram chiorosis), hiqhest in Mg, lmes t  in Cu, highest in Fe, 
highest in Mn, lmest  in B, lowest in Al, highest in Sr. Not all  
these differences were significant (Table 1). The differences m y  be 
r e l a t d  to Fe deficiency in a causal way. The Fe chlomsis encountered 
in soybean fields early in the year a u l d  be related to  the ph-n. 
Later in the s a r  the chlomsis often disappears. Implied is that 
cation-anion w a k e  balance is crucial to whether or not plants can 
be F'e chlorotic. 

Alexander, G. V. and L. T. McAnulty. 1981. Mt ie ler rwt  analysis 
of plant-related tissues and fluids by optical emission 
spectmmtry. JO&. Plant Nutrition, 3(1-4):51-59. . 



TABLE 1 

Effects of Innoculation and N on PI54619-5-1 Soybeans =awn in Calcareous 
Soil. 

Plant Plant N o N  N o N  N N F V d =  F value 
Part No.Innoc, hmc. No. ~ c c .  I n n o c . f o r N  f o r h m c .  

Yield, %/plant 

Old t r i fol ia te  leaf 469 437 252 269 18.1 0.3 
New t r i fol ia te  leaf 322 467 140 140 33.4 5.5 
Primary leaf 20 3 167 190 2 34 1.3 3.7 
Stem 739 717 520 509 21.7 0.1 

Old t r i fol ia te  leaf 
New t r i fol ia te  leaf 
Primary leaf 
Stem 

Old t r i fol ia te  leaf 
N3w t r i f6l ia te  leaf 
Primary leaf 
Stem 

Old t r i fol ia te  leaf 
New t r i fol ia te  leaf 
Prirmry leaf 
Stem 

Old t r i fol ia te  leaf 
NEW t r i fo l ia te  leaf 
Primary leaf 
Stem 

Old trifoliate leaf 
N w  t r i fol ia te  leaf 
Pr- leaf 
Stem 



Effects of Innoculation and N an PI54619-5-1 Soybeans G r a m  in Calcareous 
Soil. 

Plant Plant NoN NoN N N F Value F value 
P* No. lhmc. Innoc. No. I m .  Innoc. for N for m c .  

Old t r i fol ia te  leaf 30 23 27 23 0.2. 2.8 
New t r i fol ia te  leaf 39 29 2 7 2 6 11.3 6.6 
Pr- leaf 2 5 2 0 25 19 0.0 6.8 
Stem 2 0 15 22 17 2.7 13.1 

Old t r i fol ia te  leaf 
New tr i fol ia te  leaf 
Primary leaf 
Stan 

Old t r i fo l ia te  leaf 
New t r i fo l ia te  leaf 
Primary leaf 
Stem 

Old trifociate leaf 
New t r i fo l ia te  leaf 
Pr* leaf 
Stem 

Old t r i fol ia te  leaf 
New t r i fo l ia te  leaf 
P r i m q  leaf 
stem 

Old trifoliate leaf 
New. t r i fol ia te  leaf 
Px3nxc-y leaf 
Stem' 

Old b-ifcrliak leaf 
New t r i fo l ia te  leaf 
Primary leaf 
Stem 
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