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Abstract:
Faba bean (Vicia faba L.) and dry bean (Phaseolus vulgaris L,) were evaluated to determine the effects
of soil salinity (NaCl and CaCl2) and fertilizer nitrogen on growth, dinitrogen fixation, and nitrogen
accumulation. Plants were evaluated in the field and greenhouse, with and without fertilizer nitrogen, at
six salinity levels of 2,4,5,11,15, and 22; and 1.4,3,5,7,9, and 11 mmhos cm^-1 ECe, respectively. Data
were analyzed using multiple regression. Growm parameters exhibiting sigmoid responses were
regressed using an e^-K (sigmoid) transform.

Faba bean dry weight and seed yield were reduced 50% at approximately 9 and 10.5 mmhos,
respectively. Acetylene reduction activity was maximized at 6 mmhos.

Dry bean growth increased with increased soil salinity, up to 10-15 mmhos. Increased growth may
have resulted from improved soil aggregation with the addition of Ca++. Seed yield expressed on an
area basis reached a maximum at 6 mmhos and declined at the higher salinity levels. Lower yield per
area than per plant, at salinity levels greater than 5 mmhos was a result of poor germination. Acetylene
reduction decreased as salinity increased.

Nitrogen percentage in seed of both faba bean and dry bean was suppressed at moderate salinity levels
in plots receiving fertilizer nitrogen. Nitrogen percentage in seed from unfertilized plots was constant.
Plants growing in unfertilized plots (relying primarily on symbiotic reduction of atmospheric nitrogen)
were able to supply nitrogen to the seed in adequate amounts at all salinity levels. 
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ABSTRACT

Faba b ean  (V ic ia  f a b a  L0) and  d ry  b ean  (P h a se o lu s  v u l g a r i s  L,) 
w e re  e v a lu a te d  t o  d e te r m in e  th e  e f f e c t s  o f  s o i l  s a l i n i t y  (NaCl and  
CaClg) an d  f e r t i l i z e r  n i t r o g e n  on g ro w th , d in i t r o g e n  f i x a t i o n ,  and  
n i t r o g e n  a c c u m u la t io n .  P l a n t s  w e re  e v a lu a te d  i n  t h e  f i e l d  and  
g re e n h o u se , w i th  and  w i th o u t  f e r t i l i z e r  n i t r o g e n ,  a t  s i x  s a l i n i t y  
l e v e l s  o f  2 ,4 ,5 ,11 ,15 , and 22; and 1 .4 ,3 ,5 ,7 ,9 , and 11 mmhos cm-1  EC^, 
r e s p e c t i v e l y .  D a ta  w e re  a n a ly z e d  u s in g  m u ltip le  re g re s s io n . Growm 
p a ram e te rs  e x h ib it in g  sigm oid  resp o n ses  w ere re g re sse d  u s in g  an e” K 
(sigm oid) tran sfo rm .

Faba b ean  d ry  w e ig h t  and  s e e d  y i e l d  w ere  re d u c e d  50% a t  
a p p ro x im a te ly  9 and  10.5  mmhos, r e s p e c t i v e l y .  A c e ty le n e  r e d u c t io n  
a c t i v i t y  w as m ax im ized  a t  6 mmhos.

Dry bean grow th in c re a se d  w ith  in c re a se d  s o i l  s a l i n i t y ,  up to  10- 
15 mmhos. I n c r e a s e d  g ro w th  may h av e  r e s u l t e d  fro m  im p ro v ed  s o i l  
a g g r e g a t io n  w i th  th e  a d d i t i o n  o f  Ca++. Seed  y i e l d  e x p re s s e d  on an  
a r e a  b a s i s  r e a c h e d  a  maximum a t  6 mmhos an d  d e c l in e d  a t  th e  h ig h e r  
s a l i n i t y  l e v e l s .  Lower y i e l d  p e r  a r e a  th a n  p e r  p l a n t ,  a t  s a l i n i t y  
l e v e l s  g r e a t e r  th a n  5 mmhos w as a  r e s u l t  o f  p o o r g e rm in a t io n .  
A c e ty le n e  r e d u c t io n  d e c r e a s e d  a s  s a l i n i t y  in c reased .

N itro g e n  p e r c e n ta g e  in  s e e d  o f  b o th  fa b a  b ean  an d  d ry  bean  w as 
sup p ressed  a t  m oderate s a l i n i t y  l e v e l s  in  p lo ts  re c e iv in g  f e r t i l i z e r  
n i t r o g e n .  N itro g e n  p e rc e n ta g e  in  s e e d  fro m  u n f e r t i l i z e d  p l o t s  w as 
c o n s ta n t. P la n ts  grow ing in  u n f e r t i l i z e d  p lo t s  ( re ly in g  p r im a r i ly  on 
s y m b io t ic  r e d u c t io n  o f  a tm o s p h e r ic  n i t r o g e n )  w ere  a b le  t o  su p p ly  
n itro g e n  to  th e  seed  in  adequate  am ounts a t  a l l  s a l i n i t y  le v e ls .
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CHAPTER I  

INTRODUCTION

S o il  s a l i n i t y  a f f e c t s  c rop  p ro d u c tio n  in  many a re a s  o f  th e  w orld , 

in c lu d in g  th e  N orthern  G rea t P la in s , N orth A fr ic a , and th e  M iddle E as t 

(Chapman, 1975). S a lin e  s o i l s  n o t p re v io u s ly  used in  a g r ic u l tu r e  a r e  . 

becoming im p o rtan t a s  new lan d s  a re  b rough t in to  p ro d u c tio n  to  e i th e r  

m eet th e  demand o f an in c re a s in g  p o p u la tio n , o r to  re p la c e  lan d  l o s t  

t o  u rb a n  d e v e lo p m e n t. A d d i t i o n a l ly ,  c ro p p in g  s y s te m s  in  s e m i - a r id  

re g io n s  may le a d  to  an in c re a se  in  la n d s  a f fe c te d  by ex cess  s a l i n i ty .

E d ib le  and  f o r a g e  leg u m es a r e  o f t e n  s i g n i f i c a n t  s o i l  n i t r o g e n  

c o n t r i b u t o r s  and  im p o r ta n t  s o u rc e s  o f  p ro te in  th roughou t th e  w orld. 

The in c re a s in g  c o s t  o f  n itro g e n  f e r t i l i z e r  in c re a se s  th e  im portance o f 

p la n t  sp e c ie s  cap ab le  o f  b io lo g ic a l  d in itro g e n  f ix a t io n .  Most p la n t  

r e s p o n s e  s t u d i e s  t o  s a l i n e  c o n d i t io n s  h av e  been  in  a  g re e n h o u se  

environm ent. Few ex p erim en ts  have e v a lu a te d  th e  e f f e c t s  o f  s a l i n i t y  

on sy m b io tic  d in i tro g e n  f ix a t io n  in  th e  f i e ld .

Faba bean  fv. f a b a  L J  i s  a  m a jo r  fo o d  legum e i n  t h e  M idd le  E a s t  

and i s  used a s  a  fo rag e  in  ce rea l-leg u m e  r o ta t io n s  th ro u g h o u t much o f  

t h e  C an a d ia n , N o r th e rn  G re a t  P l a in s .  I t  h a s  p o t e n t i a l  f o r  u se  in  

c e r e a l - le g u m e  r o t a t i o n s  in  M ontana. F aba  bean  s a l i n i t y  t o l e r a n c e

w o u ld  b ro a d e n  i t s  p o t e n t i a l  t o  in c lu d e  u se  on m a rg in a l  la n d  w h ere  

e x te n s iv e  use  o f  n itro g e n  f e r t i l i z e r  may n o t be econom ica lly  p r a c t ic a l .
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Common b ean  o r  d ry  b ean  (Ea. v u l g a r i s  L.) i s  one  o f  th e  m o st 

im p o r ta n t  fo o d  le g u m e s  in  th e  w o r ld . I t  i s  grow n e x te n s iv e ly  

th ro u g h o u t th e  U n ite d  S t a t e s  and  i s  an  im p o r ta n t  c ro p  in  M ontana. 

F urrow  i r r i g a t i o n  p r a c t i c e s  in  th e  s e m i - a r id  r e g io n s  o f  M o n tan a . 

in c re a s e  th e  chance o f d ry  bean exposure  to  a  s a l in e  environm ent.

The p u rp o s e  o f  t h i s  r e s e a r c h  w as t o  d e f in e  t h e  e f f e c t s  o f  s o i l  

s a l i n i t y  on grow th and sy m b io tic  d in i tro g e n  f ix a t io n  o f  3L fab a  L. and 

P. v u l g a r i s  L. Of p a r t i c u l a r  i n t e r e s t  w ere  t h e  e f f e c t s  on th e s e  

p a ram e te rs  o f  th e  s o i l  s a l i n i t y  x f e r t i l i z e r  n itro g e n  in te r a c t io n .  A 

sigm oid  tra n s fo rm a tio n  developed by Jen sen  and Homeyer (1970) was used 

i n  r e g r e s s io n  a n a l y s i s  o f  d a ta  e x h i b i t i n g  s ig m o id  c h a r a c t e r i s t i c s .  

The use o f  t h i s  sigm oid  model a llow ed  d i r e c t  com parison o f grow th w ith  

an d  w i th o u t  f e r t i l i z e r  n i t r o g e n .  Use o f  a  p o ly n o m ia l f o r  su ch  

c o m p a r iso n s  w as a v o id e d  a s  to o  cum bersom e, a s  i t  n e c e s s a r i l y  w ould  

h a v e  in c lu d e d  a  num ber o f  i n t e r a c t i o n  f a c t o r s  t o  e x p r e s s  n i t r o g e n  

e f f e c t s  on p l a n t  g ro w th . R e se a rc h  w as s u p p o r te d  by th e  M ontana 

A g r i c u l t u r a l  E x p e rim e n t S t a t i o n  and  th e  U nited  S ta te s  Departm ent o f 

A g r ic u ltu re -A g e n c y  f o r  I n t e r n a t i o n a l  D evelopm ent (U.S.A.I.D. No. 

AG/TAB 6 1 0 -9 -7 6  and  U.S.D.A. No. 8 0 1 -1 5 -6 6 ) .
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CHAPTER I I  

LITERATURE REVIEW

E d ib le ' legum es a r e  im p o rtan t food  so u rces  th roughou t th e  w orld . 

A p p ro x im a te ly  7 m i l l i o n  h e c t a r e s  o f  f a b a  bean  (V ic ia  f a b a  L J and  26 

m il l io n  ha o f d ry  bean (Phaseo lus v u lg a r is  L.) a re  produced an n u a lly  

w orldw ide (FAOf 1980). S ix -hundred  thousand ha o f d ry  bean a re  grown 

a n n u a l ly  i n  th e  USAr w i th  a p p ro x im a te ly  4 ,000  %ia i n  M ontana (USDAf 

1980). Faba bean i s  b e in g  ev a lu a te d  in  Montana as  a n . a l t e r n a t iv e  c rop  

and in  lo n g -te rm  r o ta t io n s  w ith  c e r e a ls .  S a l t  to le ra n c e  i s  a  c r i t i c a l  

s e le c t io n  c r i t e r io n  fo r  a l t e r n a t iv e  o r r o ta t io n a l  c ro p s  in  s e m i-a r id  

a r e a s .  R e s e a rc h  in v o lv in g  s a l t  t o l e r a n c e  o f  fo o d - le g u m e  c ro p s  i s  

l im i te d ,  e s p e c ia l ly  reg a rd in g  s a l i n i t y  e f f e c t s  on sy m b io tic  d in itro g e n  

f ix a t io n .

A p p ro x im a te ly  25% o f  th e  e a r t h 's  s u r f a c e  i s  a r i d  o r  s e m i - a r id  

w ith  in s u f f i c i e n t  r a i n f a l l  t o  remove s a l t s  from th e  p la n t  ro o t zone 

(Thorne and P e te rso n , 1954). M ille r  and B ahls (1976) e s tim a te d  th a t  

more th an  57,000 ha in  Montana w ere n o n -p ro d u ctiv e  in  1974 because o f 

s o i l  s a l i n i t y .  A d d i t i o n a l ly ,  s a l i n e  a r e a s  h av e  b e en  in c r e a s in g  

a p p ro x im a te ly  10% a n n u a l ly  in  M ontana. I n c r e a s e d  s a l i n t y  on n o n - 

i r r i g a t e d  a g r i c u l t u r a l  la n d  in  M ontana has o f te n  been a t t r ib u te d  to  

fa llo w in g  o f s a l in e  seep  rech arg e  a re a s . H ydrau lic  p re s su re s  in  th e  

fa llo w e d  a re a s  may in c re a se  movement o f  ground w a te r and s a l t  to  low er 

a re a s  w ith  in ad eq u a te  d ra in ag e  (Thacker, 1976). S o il  s a l i n i t y  may be
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in c r e a s e d  by i r r i g a t i o n  and e x c e s s iv e  e v a p o r a t io n  in  a r e a s  o f  

in ad eq u a te  n a tu ra l  d ra in ag e  (U«S, S a l in i ty  Lab, 1954). S o i l  s a l i n i t y  

a f f e c t s  c ro p  p ro d u c tio n  on app ro x im ate ly  h a l f  o f  th e  i r r i g a t e d  lan d  in  

th e  w e s te r n  U n ite d  S t a t e s  (W ad le ig h f 1968). I r r i g a t e d  a c re a g e  

in c r e a s e d  a p p ro x im a te ly  162 ,000  h a  a n n u a l ly  from  1964 t o  1978 (U.S. 

Bureau o f Census, 1978).

C atio n s  and an io n s  commonly found in  s a l in e  s o i l s  a r e  Ca++, Mg++, 

Na+ , K+, CO3 HCO3- , SO4 , and  C l-  (U.S. S a l i n i t y  L ab, 1954). 

P a r e n t  m a t e r i a l  and  l o c a t i o n  d i r e c t l y  a f f e c t  io n  ty p e s  p r e s e n t  i n  a  

s p e c i f i c  a r e a .  P l a n t  r e s p o n s e  t o  d i f f e r e n t  i o n i c  s p e c ie s  v a r i e s  

(G reenw ay, 1973; E a to n  e t  a l . ,  1971; Kahane and P o l j a k o f f -M ay b er, 

1968 ). P re d o m in a n t s a l t s  in  M ontana s o i l s  a r e  CaSO4 , MgSO4 , an d  

NagSO4 (Thompson and C u ste r, 1976).

S u c c e s s f u l  f a rm in g  in  s a l i n e  s e e p  a r e a s  in c o r p o r a te s  c a r e f u l  

m anagem ent o f  b o th  r e c h a r g e  and  s e e p  a r e a s .  C o n tin u o u s  c ro p p in g  o f  

t h e  r e c h a rg e  a r e a  may be u se d  t o  lo w e r  th e  w a te r  t a b l e  and  re d u c e  

h y d ra u lic  p re s su re  in  some a re a s  (Halvorsbn and R eule, 1976). Proper 

management shou ld  r e s u l t  in  a  d ec rea se  in  th e  l a t e r a l  flow  o f ground 

w a te r  an d  d i s s o lv e d  s a l t s  t o  an  a c c u m u la t io n  zo n e . O b je c t io n s  t o  

c o n t in u o u s  c ro p p in g  u s u a l l y  in v o lv e  eco n o m ics  (B u rt an d  S ta u b e r , 

197 6 ). ' F a l lo w in g  i s  u se d  t o  s t a b i l i z e  y i e l d s  on som e s o i l s  by 

in c re a s in g  s o i l  m o is tu re  accum ulation  and n itro g e n  m in e ra liz a tio n .

Legume r o ta t io n  w ith  c e r e a ls  in  some rech arg e  a re a s  h as  p o te n t ia l  

to  m a in ta in  econom ic s t a b i l i t y  and reduce expansion an d /o r occurrence  

o f s a l in e  seeps. A d d itio n a lly , c e rea l-leg u m e  r o ta t io n  may p ro v id e  a  

con tinuous income w h ile  re p le n ish in g  s o i l  n itro g e n  th rough  sym b io tic
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f ix a t io n .  Legumes may a ls o  have p o te n t ia l  use in  in te rm e d ia te  zones 

betw een rech arg e  and s a l in e  seep  a re a s  to  in te r c e p t  s a l in e  w ater and 

d ec rea se  s a l t  c o n c e n tra tio n  in  th e  accum ulation  zone. A s a l t  to le r a n t  

legum e c a p a b le  o f  p ro v id in g  an  eco n o m ic  y i e l d  o f f e r s  many o th e r  

b e n e f i t s  t o  a r i d  an d  s e m i - a r id  c ro p p in g  s y s te m s . In  a d d i t i o n  t o  

r e p l e n i s h i n g  s o i l  n i t r o g e n ,  c e r e a l - le g u m e  r o t a t i o n s  may be u sed  t o  

c o n tro l d is e a s e , weed, and in s e c t  p e s ts .

The u se  o f  n i t r o g e n  f e r t i l i z e r  h a s  in c r e a s e d  m ore th a n  350% in  

t h e  l a s t  tw o  d e c a d e s  (U.S. B ureau  o f  C en su s , 1980). A d d i t io n a l ly ,  

n i t r o g e n  c o s t s  h a v e  in c r e a s e d  m a rk e d ly  in  th e  l a s t  10 y e a r s .  C rop 

m anagem ent s y s te m s  u s in g  leg u m es c a p a b le  o f  f i x i n g  p a r t  o r  a l l  o f  

t h e i r  n i tro g e n  req u irem en ts  o f f e r  many b e n e f i ts .  Commercial n itro g e n  

f e r t i l i z e r  c o s t  a p p r o x i m a t e l y  $108 (kg X 1 0 0 )“ -̂N i n  1 9 8 2 . 

C o m p a ra t iv e ly , th e  c o s t  o f  i n o c u l a t i n g  l a r g e - s e e d  leg u m es w i th  

com m ercial Rhizobium inoculum  ranges from  $1-4 h a " l .

The e f f e c t  o f  s o i l  s a l i n i t y  on y ie ld  and d in itro g e n  f ix a t io n  in  

leg u m es i s  n o t  w e l l  d e f in e d .  The e f f e c t  o f  s a l i n i t y  on p l a n t s  h a s  

b een  c o n s id e r e d  a  f u n c t io n  o f  th e  r e s u l t i n g  d e c r e a s e  i n  s o i l  w a te r  

p o t e n t i a l  (S ch im p er, 1903; K ram er, 1959). S ch im p er d e s c r ib e d  

'p h y s io lo g ic a l d ry n ess ' a s  a  r e s u l t  o f  m o is tu re  being  "more a t t r a c t e d  

t o  t h e  s o i l  th a n  t o  t h e  r o o t" .  W il t in g  o f  a  h e a l th y  p l a n t  s u b je c te d  

to  s a l in e  i r r i g a t i o n  was presum ed to  r e s u l t  t o t a l l y  a s  th e  i n a b i l i t y  

t o  w ith d ra w  m o is tu r e  fro m  th e  s o i l  a g a i n s t  an  i n c r e a s e d  p o t e n t i a l  

g r a d i e n t .  H ow ever, 'p h y s io l o g ic a l  d ry n e s s ' i s  n o t  th e  c o m p le te  

s o l u t i o n  t o  th e  u n d e r s ta n d in g  o f  s a l t  e f f e c t s  on p l a n t  g ro w th . A 

p la n t  t h a t  i s  g ra d u a lly  su b je c te d  to  s a l in e  i r r i g a t io n s  o f  in c re a s in g
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s a l t  c o n c e n tra tio n s  may n o t w i l t  (Niemanp 1965? B e rn s te in  and Hayward, 

1958). A p p a re n t ly ,  t h e s e  p l a n t s  can  p a r t i a l l y  a d j u s t  t o  in c r e a s e d  

s o i l  s a l i n i t y .

H alophy tic  p la n ts  may grow in  m edia having  a  p o te n t ia l  o f  a lm o st 

-5 0  b a r s  by a d j u s t i n g  th e  p o t e n t i a l  w i th in  th e  p ro to p la s m  in  

com pensation fo r  p o te n t ia l  in  th e  ro o t  environm ent (W aisel and P o liak , 

1 9 6 9 ). I t  i s  now w e l l  e s t a b l i s h e d  t h a t  g ly c o p h y t ic  p l a n t s  a r e  a l s o  

c a p a b le  o f  o s m o tic  a d ju s tm e n t  i n  s a l i n i z e d  m ed ia  (B e r n s te in  and  

Hayward, 1958? W aise l, 1972? S te w a rt and Lee, 1974). S p e c if ic  e f f e c t s  

o f  o s m o tic  a d ju s tm e n t  m u st be s tu d i e d  f u r t h e r  t o  d e te r m in e  how 

s a l i n i t y  d e c rea se s  p la n t  grow th.

W a ise l (1972) r e p o r t e d  t h a t ,  i n  g e n e r a l ,  s a l i n i t y  c a u se d  th e  

accum ula tion  o f o sm o tica , w h ich  in c r e a s e d  p ro to p la s m  v i s c o s i t y  and  

d ecreased  s tream in g  v e lo c i ty .  O ther p h y s io lo g ic a l e f f e c t s ,  such a s  a 

d e c r e a s e  in  th e  num ber and  s i z e  o f  v a s c u la r  c h a n n e ls  in  to m a to  

(Ly c o p e r s ic o n  e sc u le n tu m  M il l .)  and  c o t to n  (G ossypiiim  h i r s i t u m  L.) 

(S tro g o n o v , 1 9 6 2 ), d e c r e a s e  in  th e  num ber o f  s to m a ta  in  bean  (£=, 

v u l g a r i s  L.) and  cow pea fV igna u n g u ic u la ta  (L.) W alp.] (Ahmed e t  a l . ,  

1980), and changes in  o rg a n e lle  morphology in  w heat (T riticu m  aestivum  

L.) (Udevenko e t  a l ,  1970) h av e  a l s o  b een  o b se rv e d . C o n c e n tr a t io n  

in c re a s e s  o f  s p e c i f ic  io n s  in  a  p la n t  a s  a  r e s u l t  o f  io n  accum ulation  

in  t h e  s o i l  h av e  b een  n o te d  in  b ean  an d  cow pea (Ahmed e t  a l . ,  1980) 

an d  i n  w h e a t, b a r l e y  (Hordeum v u lg a r e  L .) , o a t  (A vena s a t i v a  L .) , p ea  

(P isum  s a t iv u m  L .) , c h ic k p e a  (C ic e r  a r i e t in u m  L .) , l e n t i l  (L en s 

C iili n a r i s  M e d ic .) , c o t to n ,  sorghum  (Sorghum  b i c o l o r  L .) , c o rn  (&ea 

m ays L .) ,  a n d  r i c e  (O ry z a  s a t i v a  L.) (D as a n d  M e h r o ta ,  1 9 7 1 ) .

6
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S p e c i f i c  io n s  h av e  b een  shown t o  i n h i b i t  I n  v i t r o  enzym e a c t i v i t y  

(E a to n  e t  a l . ,  1971? Osmond, 19 7 6 ), m o d ify  p h o to s y n th e s i s  (Niem an, 

1962), d ec rea se  in c o rp o ra tio n  o f amino a c id s  in to  p ro te in  (Kahane and 

P o l ja k o f f -M a y b e r ,  1 9 6 8 ), and  s h i f t  m e ta b o l ic  p a th w ay s  (P o ra th  and  

P o lja k o f f-M ayber, 1968).

P l a n t s  g ro w in g  in  NaCl o r  NagSO^ s o l u t i o n s  o f  one a tm o sp h e re  

p o te n t ia l  e x h ib ite d  a  s h i f t  in  g lu co se  m etabolism  tow ard  th e  p en to se - 

phosphate  pathway (P o ra th  and P o ljakoff-M ayber, 1968). The a c t i v i t y  

o f  m o st g l y c o l y t i c  enzym es w as d e p re s s e d .  O nly p h o sp h o g lu c o n a te  

dehydrogenase rem ained  u n a ffe c te d  by a p p lie d  s a l t s .  The a c t i v i t y  o f  

g lu c o p h o sp h a te  is o m e ra s e  w as i n h i b i t e d  by NaCl b u t  n o t  by NagSO^= 

T h is  behav io r i s  u s u a lly  in d ic a t iv e  o f  m atu re  p la n t  t i s s u e .  Growing 

t i s s u e s  depend on th e  ATP and carbon fram e in te rm e d ia te s  p rov ided  by 

g l y c o l y s i s  and  th e  K rebs c y c le  f o r  s y n t h e s i s  o f  new t i s s u e .  S t r e s s  

c o n d i t io n s  a r e  known t o  m o d ify  th e  r a t e  o f  p l a n t  s e n e s c e n c e  u n d er 

f i e l d  c o n d i t io n s  (W oolhouse , 1978). Sodium  and c a lc iu m  a r e  s t r o n g  

i n h i b i t o r s  o f  enzym e a c t i v i t y ,  w h i le  Mg++ and K+ h a v e  few  a d v e rs e  

e f f e c t s  (D ixon and  Webb, 196 4 ). G e n e r a l ly ,  g ly c o p h y te s  a r e  m ore 

s e n s i t iv e  to  Na+ and h a lo p h y tes  a r e  more s e n s i t iv e  to  Ca++ (B ernste in  

and Hayward, 1958).

Io n  r a t i o  in  a  medium i s  im p o r ta n t  s in c e  c e r t a i n  io n s  may 

c o u n te r a c t  th e  d e l e t e r i o u s  e f f e c t s  o f  o th e r s .  La Haye and  E p s te in  

(1969) r e p o r t e d  t h a t  s i z e  r e d u c t io n  in  JEa. v u l g a r i s  L. grow n in  

n u t r i e n t  s o l u t i o n  c o n ta in in g  50 mM NaCl d id  n o t  o c c u r  when th e  

s o l u t i o n  c o n ta in e d  a t  l e a s t  I  mM CaSO^. Nieman an d  W i l l i s  (1971) 

h y p o th esized  t h a t  d iv a le n t  c a tio n s  s t a b i l i z e ,  w h ile  m onovalent c a tio n s



8

d i s r u p t  l in k a g e s  b e tw e e n  th e  o u te r  c e l l  and p r o t e i n s  r e q u i r e d  f o r

a c t iv e  s o lu te  uptake. Sodium c h lo r id e  was more e f f e c t iv e  than  NagSO# 

in  th e  r e le a s e  o r  a b so rp tio n  o f io n s . Calcium , Mg++, Kf , and p ro te in s  

w e re  r e l e a s e d ,  Na+ w as a b so rb e d , an d  g lu c o s e  and  in o r g a n ic  P u p ta k e  

was in h ib i te d  when e i t h e r  NaCl o r  NagSO^ was a p p lie d  to  v ia b le  c a r r o t  

r o o t  c e l l s .  Kahane and  P o lja k o f f -M a y b e r  (1968) a l s o  r e p o r te d  

d i f f e r e n t i a l  p l a n t  r e s p o n s e  t o  NaCl and  NagSO^ a t  t h e  sam e o s m o tic  

c o n c e n t r a t io n .  Sodium  s u l f a t e  i n h i b i t e d  L - I e u c in e  u p ta k e  and  

in c o rp o ra tio n  in to  p ro te in  more th an  NaCl.

E a to n  e t  a l .  (1971) r e p o r te d  no r e d u c t io n  in  p l a n t  g ro w th  when 

SO4 and C l" w ere a p p lie d  a lone . S u lf a te  and c h lo r id e  in c re a se d  in  

tom ato  and c o tto n  p la n t  t i s s u e s  exposed to  SOg an^ HCL A d d itio n a lly , 

K+ in c re a se d  w ith  no d e le te r io u s  e f f e c t s .

S a l t s  may a f f e c t  f e r t i l i t y  th ro u g h  i n t e r f e r e n c e  w i th  u p ta k e  

a n d /o r  m e ta b o lism  o f  o th e r  n u t r i e n t s .  Nieman and  C la rk  (1976) 

re p o r te d  an in o rg a n ic  phosphorous d e f i c i t  a t  p h o sp h o ry la tio n  s i t e s  in  

m a tu re  (p h o to s y n th e s iz in g )  c o rn  l e a v e s  when grow n i n  a  s a l i n i z e d  

m edium . T h is  r e s u l t e d  in  a  r e d u c t io n  o f  ATP and  a d e n y la te  e n e rg y . 

A d d itio n a lly , an in c re a s e  in  phosphorous to  2 mM re s u l te d  in  a  to x ic  

in o rg a n ic  c o n ce n tra tio n . B e r n s te in  e t  a l .  (1974) r e p o r t e d  t h a t ,  h ig h  

p h o sp h o ro u s  l e v e l s  in c r e a s e d  s a l t  i n j u r y  t o  c o rn , cab b ag e  (B r a s s ic a  

o le r a c e a  L. cv c a p i t a t a )  and b r o c c o l i  (B r a s s ic a  o l e r a c e a  L. cv  

b o t r y t i s ) . F e rg u so n  and  H e d lin  (1963) r e p o r te d  g r e a t e r  p h o sp h o ro u s  

r e s p o n s e  i n  b a r l e y  w i th  i n c r e a s in g  s o i l  s a l i n i t y .  The q u a d r a t i c  

a b so rp tio n  response  o f P reached  a  maximum a t  ap p ro x im ate ly  6 mmhos 

(EC). W ilso n  (1970) fo u n d  t h a t  a  h ig h e r  p r o p o r t io n  Of a b so rb e d  P
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re m a in e d  in  so y b ean  fG ly c in e  max (L.) M e r r i l l ]  r o o t s  s u b je c te d  t o  

s a l t ,  e s p e c ia l ly  when in o c u la te d  in  th e  p resence  o f a p p lie d  n itro g e n . 

K i a l i l  e t  a l .  (1967) r e p o r te d  P u p ta k e  in  c o rn  and  c o t to n  t o  be 

p r o p o r t i o n a l  t o  th e  r o o t  s u r f a c e ,  w h ich  d e c r e a s e d  w i th  s a l t  in  th e  

m edium . A d d i t i o n a l ly ,  K+ c o n c e n t r a t io n  d e c r e a s e d  i n  c o t to n  a s  

s a l i n i t y  in c re a se d . Maas e t  a l .  (1972) re p o r te d  no ev idence  th a t  s o i l  

s a l i n i t y  a f f e c t s  F e , Mn, o r  Zn a v a i l a b i l i t y  in  to m a to , sq u ash  

fC u rc u rb ita  pepo L .), soybean, and snap bean.

S a l in e  s o i l s  re d u c e  y i e l d s  b e c a u se  o f  po o r g e r m in a t io n ,  d ry  

m a t t e r  p r o d u c t io n ,  an d  s e e d  y i e l d  (Das an d  M eh ro ta , 1971 ; A bel and  

M cK enzie, 1964; E l K a ro u r i ,  1979; Ayoub, 1977). A d d i t io n a l ly ,  

s a l i n i t y  may in f lu e n c e  legume sym biosis . S a l in i ty  may a f f e c t  R hizobia  

s u rv iv a l  in  th e  s o i l ,  i n f e c t iv i t y ,  nodule developm ent, and d in itro g e n  

r e d u c t io n  i n  th e  n o d u le . U n f o r tu n a te ly ,  m o st r e s e a r c h  r e s u l t s  h av e  

b een  b a se d  on e x p e r im e n ts  t h a t  i n i t i a t e d  s a l i n e  t r e a t m e n t s  a f t e r  

g e r m in a t io n ,  o r  a f t e r  th e  p l a n t  h ad  f i x e d  n i t r o g e n  (A yers and  

E b e rh a rd , 1960; B a la su b ra m a n ia n  and  S in h a ,  1976; B e r n s te in  e t  a l . ,  

1974; Weimberg, 1970; Shannon, 1978; A yers e t  a l . ,  1952; P a te l  e t  a l . ,  

1975).

L ak sh m i-K u m ari e t  a l .  (1974) r e p o r t e d  t h a t  R h iz o b la  g ro w th  in  

t e s t  tu b e s  c o n ta in in g  s o i l  e x t r a c t  w as u n a f f e c te d  by 0.0-0.6% N aCl. 

H ow ever, a l f a l f a  (M edicago s a t i v a  L) s y m b io s is  w as i n d i r e c t l y  

su p p ressed  a s  a  r e s u l t  o f  decreased  ro o t  h a i r  number, in f e c t io n  th re a d  

number, and s iz e  o f  m ucilag inous la y e r .

R e s p i r a t i o n  h a s  a  d i r e c t  e f f e c t  on d i n i t r o g e n  r e d u c t io n  in  

p la n ts .  M oustafa and M ortenson (1967) re p o r te d  t h a t  ATP/ADP r a t i o s  o f
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0.5 o r  l e s s  c o m p le te ly  b lo c k e d  n i t r o g e n a s e  a c t i v i t y .  S p r e n t  (1972) 

su g g ested  th a t  d ec reased  n itro g e n  f ix a t io n  and r e s p i r a t io n  o f soybean 

n od tdes under s t r e s s  r e s u l te d  from  a l t e r a t i o n s  in  nodule  c o r t i c a l  c e l l  

m etabolism .

N itro g e n a s e  enzym e i n h i b i t i o n  u n d e r s a l in e  c o n d itio n s  may be a  

s p e c i f i c  io n  e f f e c t .  The a c t i v e  enzym e com plex  o f  n i t r o g e n a s e  

c o n s i s t s  o f  tw o  m e t a l l o - p r o t e i n  s u b u n i t s  ( F e - p r o te in  and  FeMo- 

p ro te in ) ,  th e  l a t t e r  be ing  s a l t  l a b i l e .  N itrogen  f ix a t io n  e x h ib ite d  

sigm oid  k in e t ic s  when p lo t te d  v e rsu s  c o n c e n tra tio n  o f F e -p ro te in  w ith  

th e  FeM o-protein h e ld  c o n s ta n t (D alton and M ortenson, 1972). Sodium 

c h lo r id e  a d d i t i o n  t o  an  i n  v i t r o  r e a c t i o n  m ix tu r e  r e s u l t e d  in  

in c r e a s e d  s i g m o i d i c i t y  o f  th e  re s p o n s e  c u rv e  (d e c re a s e d  a c t i v i t y ) .  

T h is in d ic a te s  t h a t  some o f th e  Fe p ro te in  may be ren d e red  in e f f e c t iv e  

w ith  th e  a d d it io n  o f s a l t  (Burns and Hardy, 1975).

S a l in e  i r r i g a t i o n  h a s  been  r e p o r te d  t o  s u p p re s s  s y m b io t ic  

d i n i t r o g e n  f i x a t i o n .  Cowpea and  mung b ean  fV igna  r a d i a t a  (L.) R. 

W ilc z .]  grow n i n  a  medium c o n ta in in g  NaCl e x h ib i t e d  a  r e d u c t io n  in  

d i n i t r o g e n  f i x a t i o n  p r o p o r t i o n a l  t o  t h e  s a l t  c o n c e n t r a t i o n  

(B a la su b ra m a n ia n  and  S in h a , 197 6 ). F ix a t io n  w as s u p p re s s e d  a s  a  

r e s u l t ,  o f  reduced  nodule  fo rm atio n .

A y ers  and  E b e rh a rd  (1960) r e p o r t e d  t h a t  greenhouse experim ents

u s in g  e q u a l  e q u iv a l e n t s  o f  NaCl and  CaClg a t  6 mmhos (ECg) r e ^ u ced  

f a b a  bean  d ry  m a t t e r  by 50%. U n f o r tu n a te ly ,  no m e asu rem en t o f  s e e d  

y ie ld  was o b ta in ed . E l K arouri (1979) re p o rte d  t h a t  fab a  bean, grown 

in  t h e  S udan , w h ere  t h e  p re d o m in a n t s a l t  w as NagSO^, i s  m ore s a l t  

t o l e r a n t .  Maximum d ry  m a tte r  and seed  y ie ld  w ere reduced  50% a t  10.5
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and 9.0 mmhos (ECe) f r e s p e c tiv e ly . N e ith e r o f  th e se  s tu d ie s  ev a lu a ted  

d in itro g e n  f i x a t i o n .

H e la l  and  M engal (1981) g rew  3L. f a b a  L. 'A c k e r p e r le ' in  th e  

greenhouse w ith  50 mM NaCl under two l i g h t  reg im es (55 and 105 w m“ 2). 

They r e p o r te d  t h e  u p ta k e  o f  I^GOg g -1  d ry  w e ig h t  w as g r e a t l y  

s u p p re s s e d  a t  low  l i g h t  i n t e n s i t y  and  s l i g h t l y  s u p p re s s e d  a t  h ig h  

l i g h t  i n t e n s i t y .  A d d i t i o n a l ly ,  a s s i m i l a t i o n  o f  p h o to s y n th a te  i n t o  

c e l l  co m p o n en ts , e s p e c i a l l y  i n t o  th e  l i p i d  f r a c t i o n ,  w as re d u c ed . 

T h e ir  d a ta  s u g g e s te d  t h a t  h ig h  l i g h t  in te n s i ty  p ro v id ed  more energy 

fo r  re g u la t io n  o f in te r n a l  io n ic  c o n d itio n s . P la n ts  grown under th e  

h ig h e r l i g h t  in te n s i ty  w ere more cap ab le  o f  accum ulating  Ca++, Mg++,. 

and  K+ an d  e x c lu d in g  Na+ and  C l”  . H e la l  and  M engal a l s o  r e p o r te d  

t h a t  th e  c o n c e n t r a t i o n  o f  am ino a c id  n i t r o g e n  re m a in e d  t h e  sam e a s  

s a l i n i t y  in c r e a s e d .  C o n v e rse ly , in o r g a n ic  n i t r o g e n  in c r e a s e d ,  and  

p ro te in  n i tro g e n  decreased .

Dry b ean  i s  one o f  t h e  m o s t s a l t  s e n s i t i v e  c ro p s  (B e rn s te in ,  

1964; U.S. S a l i n i t y  L ab , 1954). B e r n s te in  (1964) r e p o r t e d  t h a t  d ry  

m a t t e r  and  s e e d  p r o d u c t io n  w ere  re d u c e d  50% a t  3 .0  an d  3.2 mmhos, 

r e s p e c tiv e ly . F ie ld  re s e a rc h  in v o lv in g  th e  e f f e c t  o f s o i l  s a l i n i t y  on 

d ry  bean i s  l im i te d .  Sameni e t  a l .  (1980) ev a lu a te d  th e  in te r a c t io n s  

o f  s e v e r a l  f e r t i l i t y  l e v e l s  w i th  NaCl s a l i n i t y  on  g ro w th  o f  £=. 

v u lg a r is  L. in  th e  greenhouse. Shoot d ry  w eigh t d ecreased  50% betw een 

1.5 and 2.5 mmhos (ECe)- Y ie ld , p e rc e n t n itro g e n , and t o t a l  n itro g e n  

d e c r e a s e d  a s  s a l i n i t y  in c r e a s e d .  N itro g e n  f e r t i l i z e d  p l a n t s  h ad  

h ig h e r  y i e l d  and  c o n ta in e d  m ore n i t r o g e n  th a n  th o s e  n o t  f e r t i l i z e d .  

Sodium  and  c h l o r i d e  u p ta k e  in c r e a s e d  (W ig n a ra jah  e t  a l ,  1975b) and



12

l e a f  d e v e lo p m en t w as re d u c e d  (N iem an7 1965) when P. v u l g a r i s  L. w as 

grown in  NaCl m edia. L eaf s iz e  re d u c tio n  r e s u l te d  from  decreased  c e l l  

num ber (W ig n a ra jah  e t  a l ,  197 5 a ; N iem an 1965). C e l l  s i z e  w as 

id e n t ic a l  f o r  p la n ts  grown w ith  o r w ith o u t s a l t .

N iem an and  P o u ls e n  (1971) r e p o r t e d  t h a t  a u to tro p h ic  s t r u c tu r e s  

(le av es  and stem s) o f  d ry  bean w ere more s e n s i t iv e  to  ex cess  s a l i n i t y  

th a n  h e t e r o t r o p h i c  s t r u c t u r e s  ( r o o t ) . A d d i t io n a l ly ,  B e r n s te in  and  

Hayward (1958) re p o r te d  t h a t  s a l t  s u p p re s s e d  s h o o t  g ro w th  m ore th a n  

ro o t grow th.

S tro g o n o v  (1962) an d  W a ise l (1972) r e p o r te d  t h a t ,  i n  g e n e r a l ,  

s a l i n i t y  s u p p re s s e d  l e a f  s i z e ,  re d u c e d  s to m a ta  nu m b er, in c r e a s e d  

s u c c u le n c e ,  im p a ir e d  v a s c u la r  t i s s u e  d e v e lo p m e n t, ad v an ced  r o o t  

l i g n i f i c a t i o n ,  in h ib i te d  phloem t r a n s p o r t ,  and th ick en ed  th e  c u t ic le  

and  s u r f a c e  wax l a y e r  in  p l a n t s .  I n c r e a s e d  s a l i n i t y  d e c re a s e d  

t r a n s p i r a t i o n  p e r  u n i t  l e a f  a r e a  an d  in c r e a s e d  r e s i s t a n c e  t o  w a te r  

flow  in  d ry  bean (Hoffman and Phene, 1971).

Some p la n ts  have d i f f e r e n t i a l  v a r i e t a l  response  to  s o i l  s a l i n i t y  

(A bel and  M cK enzie, 1964; Rush and  E p s te in ,  1976; S hannon , 1978). 

G en e ra lly , w heat i s  l e s s  s a l t  t o l e r a n t  th an  b a r le y  (U.S. S a l in i ty  Lab, 

1954). H ow ever, som e w h e a t v a r i e t i e s  o u t y i e l d  b a r l e y  in  a  s a l i n e  

environm ent (U.S. S a l in i ty  Lab, 1954). S u ccessfu l p la n t  b reed ing  fo r  

s a l t  to le ra n c e  may in c re a se  s u b s ta n t ia l ly ,  when s p e c i f ic  re a c t io n s  o f  

p l a n t s  t o  s a l i n e  c o n d i t io n s  and  m ech an ism s o f  p l a n t  t o l e r a n c e  t o  

s a l i n i t y  a re  understood .
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CHAPTER I I I

MODEL FOR REGRESSION ANALYSIS

A sigm oid  tra n s fo rm a tio n  (Jensen and Homeyer, 1970) was used in  

re g re s s io n  a n a ly s is  o f d a ta  e x h ib it in g  sigm oid  c h a r a c te r i s t i c s .  T h is 

t r a n s f o r m a t io n  a l lo w e d  a  d i r e c t ,  l i n e a r  c o m p a riso n  o f  n i t r o g e n  

e f f e c t s .  The s ig m o id , m odel e l im in a t e d  th e  n eed  f o r  num erous 

in te r a c t io n  f a c to r s  which o f te n  accompany th e  more common, polynom ial 

re g re s s io n  model.

The u l t im a te  g o a l o f re g re s s io n  a n a ly s is  i s  th e  e v a lu a tio n  o f th e  

e x p e c te d  s p a t i a l  r e l a t i o n s h i p  b e tw een  c o n tin u o u s  v a r i a b l e s .  T h is  

im p l ie s  t h a t  a  s u i t a b l e  m o d e l, a r r i v e d  a t  in d e p e n d e n t ly  o f  th e  d a ta  

be ing  te s t e d ,  be developed p r io r  to  a n a ly s is .

Because re se a rc h  may be e x p lo ra to ry , t h i s  approach i s  n o t alw ays 

f e a s i b l e .  I f  th e  e x a c t  f u n c t io n  o f  o n e  v a r i a b l e  upon a n o th e r  w as 

known, t h e  r e s e a r c h  w ou ld  n o t  h av e  b een  n e c e s s a r y .  H ow ever, t h i s  

s h o u ld  n o t  p r e c lu d e  th e  u se  o f  e x i s t i n g  in f o r m a t io n  i n d i r e c t l y  

a s s o c i a t e d  w i th  th e  s p e c i f i c  e f f e c t s  o f  th e  v a r i a b l e ( s ) .  F or 

in s ta n c e , th e  e x a c t n a tu re  o f  th e  e f f e c t s  o f s o i l  s a l i n i t y  on fafaa 

L. th ro u g h o u t  t h e  g ro w in g  s e a s o n  i s  unknown. P re v io u s  e x p e r im e n ts  

have  shown th e  y i e l d  r e l a t i o n s h i p s  w i th  s a l i n i t y  t o  be in v e r s e  and  

l i n e a r  (E l K a ro u ri ,  1979? A yers and  E b e rh a rd , 1960). A d d i t io n a l ly ,  

p l a n t  g ro w th  h a s  b een  shown t o  be s ig m o id  (Emmerl i n g ,  18dO ;W insor,

1932; T i s d a le  and N e lso n , 1975; De S a p io , 1978). S t r e s s  may r e s u l t
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i n  e a r l y  s e n e s c e n c e  ( I t a i  and V a a d ia r 1965 ; W rig h t and  H iro n r 1969). 

E x i s t i n g  in f o r m a t io n  sh o u ld  be u se d  t o  f o r m u la te  a  m odel f o r  

r e g r e s s io n  a n a ly s is .

The re g re s s io n  c o e f f ic ie n t  i s  s u b je c t  to  b ia s ,  and v a r i a b i l i t y  i s  

in c r e a s e d  fro m  la c k  o f  f i t ,  i f  a  p ro p o se d  m odel i s  n o t  an  a c c u r a te  

d e s c r i p t i o n  o f  t h e  t r u e  r e l a t i o n s h i p  b e tw een  c o n t in u o u s  v a r i a b l e s  

(Draper and Sm ith , 1966; Snedecor and Coghran, 1980). T h e re fo re , bo th  

accu racy  and p re c is io n  a re  reduced. The c lo s e r  a  proposed model i s  to  

th e  t r u e  fu n c tio n a l  r e la t io n s h ip ,  th e  m ore p o w e rfu l  t h e  s t a t i s t i c a l ,  

a n a ly s is .

M odels may be  f u n c t i o n a l ,  c o n t r o l l e d ,  o r  p r e d i c t i v e  in  n a tu r e  

(D raper and  S m ith , 1966). F u n c t io n a l  m o d e ls  d e s c r ib e  t h e  a c t u a l  

r e la t io n s h ip  betw een response  and independent v a r ia b le s .  They may be 

co m p lica ted , d i f f i c u l t  to  in t e r p r e t  and u se , and may be i n t r i n s i c a l l y  

n o n - lin e a r  fo r  s t a t i s t i c a l  a n a ly s is .  .

C o n tro lle d  m odels a r e  s im i la r  to  fu n c tio n a l m odels, b u t d e sc rib e  

t h e  re s p o n s e  o n ly  a s  a  f u n c t io n  o f  c o n t r o l l e d  v a r i a b l e s .  They a r e  

a c c u r a te  o v e r  th e  p a r a m e te r s  m e a su re d , e a sy  t o  i n t e r p r e t ,  and  

i n t r i n s i c a l l y  l in e a r ,  f o r  m u lt ip le  l in e a r  re g re s s io n , w ith  c o r r e c t  d a ta  

tra n s fo rm a tio n .

A p r e d i c t i v e  m o d e l, w h ile  n o t  d e s c r ib in g  th e  t r u e  f u n c t io n a l  

r e la t io n s h ip ,  i s  c lo s e  enough to  p r e d ic t  th e  v a lu e  o f  th e  response  in  

q u e s t i o n  w i th  r e a s o n a b le  a c c u ra c y , a l th o u g h  p e rh a p s  o v e r  a  l i m i t e d  

range o f th e  independent v a r ia b le . P rec iso n  may become un reasonab le  

when l a c k - o f - f i t  i s  extrem e.
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The m o st common p r e d i c t i v e  m odel u sed  in  m u l t i p l e  l i n e a r  

r e g r e s s io n  t o  d e s c r ib e  c u r v i l i n e a r  r e l a t i o n s h i p s  i s  th e  p o ly n o m ia l 

(Mead and P ik e , 1975). Mead and P ike n o ted  t h a t  "polynom ials seem to  

be used  a s  th e  s im p le s t ,  r e a d i ly  a v a i la b le  sm oothing cu rv e , w ith o u t 

any  a p p e a l  t o  t h e i r  t h e o r e t i c a l  p r o p e r t i e s  a s  ap p ro x im atio n s  to  th e  

t r u e  response  fu n c tio n s ."

B i o l o g i c a l  g r o w th  c u r v e s  a r e  com m only e x p re s s e d  u s in g  a  

polynom ial p r e d ic t iv e  m odel, o r s im p ly  graphed w ith o u t m athem atica l 

d e s c r i p t i o n ,  b e c a u se  o f  th e  d i f f i c u l t y  i n  f i t t i n g  t h e s e  c u rv e s  t o  a  

t r u e  f u n c t i o n a l  m odel (W is e h a r t ,  1938; W esterm ann  e t  a l . ,  1981; 

K leinkopf e t  a l . ,  1981). "M atchacurve" tech n iq u es  developed by Jensen  

and Homeyer (1970) and Jen sen  (1979) p ro v id e  a  means o f tra n sfo rm in g  

s ig m o id  d a ta  t o  an  i n t r i n s i c a l l y  l i n e a r  fo rm  f o r  m u l t i p l e  l i n e a r  

re g re s s io n  a n a ly s i s .

Problem s may r e s u l t  when u s in g  po lynom ia ls  a s  m odels fo r  p la n t  

g ro w th  a n a l y s i s ,  b e c a u se  t r e a tm e n t  e f f e c t s  o v e r t im e  a r e  u s u a l l y  

p ro p o r t io n a l ,  r a th e r  th an  a d d it iv e . For exam ple, a  t re a tm e n t expected  

t o  in c r e a s e  y i e l d ,  su ch  a s  a p p l i c a t i o n  o f  f e r t i l i z e r  n i t r o g e n ,  may 

in c ea se  d ry  w e ig h t from  1.0 to  1.2 g a t  th e  se e d lin g  s ta g e ; w h ile  th e  

o v e r a l l  i n c r e a s e  a t  m a tu r i t y  i s  fro m  10 t o  12 g. The d i f f e r e n c e ,  in  

s e e d l in g  g ro w th  i s  .2 g , and th e  d i f f e r e n c e  a t  m a t u r i t y  i s  2 g ; 

how ever b o th  d i f f e r e n c e s  r e p r e s e n t  a  20% p r o p o r t i o n a l  in c r e a s e  i n  

y ie ld .  To re p re s e n t  t h i s  p ro p o r tio n a l t re a tm e n t e f f e c t  over tim e  in  

an  a d d i t i v e ,  p o ly n o m ia l  m odel r e q u i r e s  v a r i a b l e s  f o r  n i t r o g e n  (N), 

tim e  (T), and th e  l in e a r  by l in e a r  v a r ia b le  o f n itro g e n  w ith  tim e  (N x 

T). Where th e  r e la t io n s h ip  i s  c u r v i l in e a r ,  o th e r f a c to r s  may need to
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be in c lu d e d ,  su ch  a s  t h e  i n t e r a c t i o n  o f  n i t r o g e n  w i th  th e  q u a d r a t i c  

tim e  f a c to r  (N x T2). W ith th e  a d d it io n  o f an o th er m ain f a c to r ,  such 

a s  s a l i n i t y  (S ), t h e  m odel may h av e  t o  in c lu d e  t h e  i n t e r a c t i o n  

f a c t o r s :  N x S , N x S2 , S x T , a n d  S x T2 . T he r e s u l t  i s  a  

co m p lica ted  model in  which n itro g e n  e f f e c t s  a re  d i lu te d  over s e v e ra l 

i n t e r a c t i o n  f a c t o r s .  S n ed eco r and  C ochran  (1980) s u g g e s t  t h a t  th e  

accum ulation  o f  in te r a c t io n  f a c to r s  in  a  re g re s s io n  model w arns t h a t  

th e  model may be in ad eq u a te . Perhaps a  m u l t ip l ic a t iv e  m odel, where

Y=Bq+b1X1+B2 X2 becomes Y=BgtB^ ( f (XjzX2)) would be more a p p ro p ria te .

A p r e d i c t i v e  m o d e l, c l o s e l y  a p p ro x im a tin g  th e  t r u e  f u n c t i o n a l  

r e s p o n s e  o f  p l a n t  g ro w th  t o  t im e  an d  s o i l  s a l i n i t y ,  i s  Y=A(S)e x p (-  

k (T7S )) ,  w h ere  A(S) i s  a  f u n c t io n  o f  s a l i n i t y  (S) an d  k(T ,S) i s  a  

fu n c tio n  o f both  tim e  (T) and s a l i n i t y .  The rem oval o f  b ia s  r e s u l t in g  

fro m  l a c k - o f - f i t  im p ro v es  a c c u ra c y  in  m e a su r in g  and  e x p r e s s in g  th e  

e f f e c t s  o f  s a l i n i t y  on sigm oid  p la n t  grow th. The rem oval o f v a r ia t io n  

fro m  l a c k - o f - f i t  im p ro v es  p r e c i s i o n  i n  th e  a n a l y s i s  o f  t r e a tm e n t  

e f f e c t s .

J e n s e n  (1979) s t a t e s  t h a t  th e  d e g re e s  o f  free d o m  s a c r i f i c e d  

th rough  g ra p h ic  model developm ent a re  unknown. I t  i s  su b m itted  h e re  

t h a t ,  a s  in  developm ent o f  a  n o n - l in e a r ,  m u l t ip l ic a t iv e  model u sing  

T a y lo r 's  Theorem (Snedecor and Cochran, 1980), one deg ree  o f freedom 

s h o u ld  be rem oved f o r  each  p a ra m e te r  in  th e  m odel e s t im a te d  

g ra p h ic a lly . In  c a se s  where th e  pa ram ete r i s  a  fu n c tio n , degrees Of 

free d o m  rem oved s h o u ld  c o rre s p o n d  t o  t h e  ty p e  o f  f u n c t io n .  For 

i n s t a n c e ,  i f  i n  A (S )ex p (-k (S ,T )) , A(S) i s  a  l i n e a r  f u n c t io n ,  tw o  

d e g re e s  o f  freed o m  a r e  rem oved f o r  t h a t  p a ra m e te r .  . I t  m u st be
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e m p h as iz ed  t h a t  u se  o f  th e  t r a n s f o r m a t io n  sh o u ld  be b a se d  on 

th e o ry  a p p ro p r ia te  to  th e  p a r t i c u la r  problem  a t  hand, O therw ise , b ia s  

may be e n te re d , r a th e r  th an  removed.

The ch o ice  o f  th e  A(S) exp(-k(S,T)) fu n c tio n  was s e le c te d  because 

o f th e  h ig h  degree  o f con fidence  in  t h a t  fu n c tio n  a s  th e  t r u e  response  

d e te r m in e d  by p r e v io u s  e x p e r ie n c e  i n  p l a n t  g ro w th  r e l a t i o n s h i p s  

(E m m erling , 1880; W in so r , 1932; T i s d a le  and  N e lso n , 1975; De S a p io , 

197 8 ). The j u s t i f i c a t o n  f o r  i t s  u se  i s  r e f l e c t e d  i n  t h e  h ig h  R% 

v a lu e s  fo u n d  when t h a t  t r a n s f o r m a t io n  w as em ployed. The v a lu e s  

w ere a t  l e a s t  a s  good a s  th o se  o b ta in e d  u sin g  a  polynom ial model fo r  

th e  v a r i a b l e s  and  t h e i r  i n t e r a c t i o n s .  The p r e c i s i o n  an d  u t i l i t y  

ga ined  by th e  m odels produced u sing  "M atchacurve" (Jensen and Honteyer, 

1970; J e n s e n ,  1979) d e m o n s t r a te s  th e  v a lu e  o f  t h e s e  te c h n iq u e s  when 

a p p lie d  to  re g re s s io n  a n a ly s is  o f  b io lo g ic a l  grow th cu rves.

T he f o l l o w i n g  2 -w a y  f u n c t i o n a l  m o d e l ( t im e  x s a l i n t y )  

c h a ra c te r iz e s  th e  p ro cess  developed by Jensen  and Homeyer (1970). A 

s ig m o id  c u rv e  g iv in g  l e a s t  d e v i a t i o n s  i s  hand  f i t  th ro u g h  th e  d a ta  

p l o t s  (K a r s t ,  19 5 8 ). N o tin g  t h e  p eak  v a lu e  (Yp) o f  t h e  r e s p o n s e  

v a r i a b l e  and  th e  c o r re s p o n d in g  t im e  a t  w h ich  t h i s  v a lu e  i s  re a c h e d  

(Xp), a  r e s c a l e d  c u rv e  (Y/Yp v s  X/Xp) i s  d raw n , c o n fo rm in g  t o  th e  

d im e n s io n s  o f  19.05 cm (7.5 in c h e s )  i n  t h e  X d i r e c t i o n  and  12.7 cm 

(5.0 in c h e s )  in  t h e  Y d i r e c t i o n .  T h is  c u rv e  i s  com pared  t o  th e  

s ta n d a r d  c u rv e s  p ro v id e d  in  th e  M atch acu rv e  b o o k le t s  (J e n se n  and  

H om eyer, 1970; J e n s e n ,  1979) and  i n t e r p o l a t e d  t o  p ro v id e  th e  b e s t  

tra n s fo rm a tio n  a v a i la b le  to  d e sc r ib e  th e  d a ta . Ih e  s c a le d  fu n c tio n  i s  

d e s c r ib e d  by e x p ( -k (T ,S ) ) , w here  ex p (-k (T ,S ))  i s  a  v a lu e  ra n g in g
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betw een zero  and one, and k(T,S) i s  a  fu n c tio n  o f tim e  and s a l i n i ty .

The a c t u a l  f u n c t io n  i s  (w here  b r a c k e t s  [] r e p r e s e n t  a b s o lu t e  

v a lu e ) s

^  _ ex p (-[  (VXp- I ) /(X j/X p-1) ]n ) - e x p ( - [  (X0Z X p -I) /(X j/X p-l) ]n ) 

l - e x p ( - [  (X0ZXp-I)Z(XjZXp-I) ]n )

w h ere  X i s  t im e ,  Xp  i s  th e  t im e  a t  w h ich  maximum re s p o n s e  (Yp ) i s  

o b ta in e d ,  X0 i s  z e ro  (X0ZXp  i s  c o n s e q u e n t ly  z e r o ) , X j/X p  i s  th e  

in f l e c t io n  p o in t  o f  th e  sigm oid  cu rve , exp i s  th e  base  o f  th e  n a tu ra l  

lo g a r i th m ,  and  n i s  a  c o n s ta n t .  The v a lu e s  o f  n and  X j/x p  a r e  

d e te rm in e d  u s in g  th e  s ta n d a r d  g ra p h s  p ro v id e d  in  t h e  m a tc h a c u rv e  

b o o k le t. lBie r i g h t  s id e  o f  bo th  th e  num erator and th e  denom inator;

e x p ( - [ (X0ZXp- I ) / ( X 1Z X p-I)]n )

i s  u s u a l l y  a  v a lu e  v e ry  c lo s e  t o  z e ro  and  can  be d ro p p e d  in  m o st 

c a se s , s im p lify in g  th e  eq u a tio n  to :

YAp= e x p (-[  (V X p-I)Z(X iZXp- I )  ]n )

In  some c a s e s ,  v a lu e s  f o r  Xp , X1ZXp , and  n may p ro v e  t o  be  a  f u n c t io n  

o f th e  independent v a r ia b le ( s ) ,  and th e s e  fu n c tio n s  may be s u b s t i tu te d  

in to  th e  eq u a tio n  acco rd in g ly .

To com plete th e  model (As exp(-k(T,S)) fo r  any p a r t i c u la r  s a l i n i t y  

tre a tm e n t,  th e  v a lu e  fo r  As  m ust be determ ined . R eg ress io n  a n a ly s is  

u s in g  t h e  e x p (-k (T ,S ))  t r a n s f o r m  a s  th e  independent v a r ia b le  r e s u l t s
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in  Ag a s  th e  re g re s s io n  c o e f f ic ie n t .  The eq u a tio n  Y/Yp= exp(-;k (TrS)) 

becom es Y=As e x p ( - k (TrS ) ) ,  w here  A g  = Yp. When th e  v a lu e  o f  A g  f o r  

each s a l i n i t y  le v e l  (ECe) has been de term ined , th e  fu n c tio n  (A(S)) o f  

Ag v s  ECe can  be s u b s t i t u t e d  f o r  Agy r e s u l t i n g  i n  t h e  e q u a t io n  

Y =A (S)exp(-k(T ,S)) ,  w h ere  A(S) i s  now a  f u n c t io n  o f  s a l i n i t y .  The 

e q u a t io n  now r e p e s e n t s  a  3 -d im e n s io n a l  r e s p o n s e  s u r f a c e .

Goodness o f  f i t  may be e s tim a te d  by l e a s t  sq u ares  a n a ly s is  over 

th e  e n t i r e  s u r fa c e , where th e  sigm oid  tra n s fo rm a tio n  A(S) exp(-k(T,S)) 

i s  t h e  in d e p e n d e n t v a r i a b l e ,  and  t h e  raw  d a ta  i s  t h e  d e p en d e n t 

v a r ia b le .  The r e s u l t in g  re g re s s io n  c o e f f ic ie n t  shou ld  be ve ry  c lo se  

t o  o n e , and  th e . a n a l y s i s  o f  r e s i d u a l s  sh o u ld  n o t  r e v e a l  a  p a t t e r n  

w hich would su g g es t l a c k - o f - f i t  o f  th e  proposed model.

The f o l lo w in g  ex am p le  i s  p ro v id e d  t o  i l l u s t r a t e  t h e  v a ry in g  

d eg rees  o f  p re c is io n  a s s o c ia te d  w ith  a v a i la b le  re g re s s io n  m odels, when 

an a ly z in g  sigm oid  grow th.

H y p o th e t ic a l  d a ta  r e p r e s e n t in g  s ig m o id  g ro w th  o f  p l a n t s  grow n 

bo th  w ith  and w ith o u t f e r t i l i z e r  n itro g e n  a re  g iven  in  t a b l e  I .  Coded 

l e v e l s  f o r  w i t h  n i t r o g e n  a n d  w i t h o u t  n i t r o g e n  a r e  I  a n d  - I ,  

r e s p e c t i v e l y .  Y ie ld  on  any  p a r t i c u l a r  day i s  a p p ro x im a te ly  10% 

g r e a t e r  f o r  p l a n t s  grow n w ith  f e r t i l i z e r  n itro g e n . T h is  u l t im a te ly  

r e s u l t s  i n  a  f i n a l  y i e l d  o f  105 g f o r  p l a n t s  grow n w i th  f e r t i l i z e r  

n itro g e n  and 95 g fo r  p la n ts  grown w ith o u t.

T able 2. g iv e s  re g re s s io n  c o e f f ic ie n ts  and th e i r  s ta n d a rd  e r r o r s  

fo r  each o f  th e  m odels employed: l i n e a r ,  polynom ial w ith  a l l  p o s s ib le  

v a r ia b le s ,  po lynom ial o b ta in e d  u sin g  a  backward e l im in a tio n  p rocedure  

(D rap er and  S m ith , 1 9 6 6 ), and  th e  e x p ( - k (T)) (sigmoid) tra n s fo rm a tio n .
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T able I .  Dependent and independent v a r ia b le s  o f  a  h y p o th e tic a l  growth 
a n a ly s is  o f  p la n ts  grown w ith  coded le v e l s  o f  f e r t i l i z e r  n itro g en .

S TIME DRY WEIGHT
I 2 0 1.93

- I 2 0 1.71
I 40 11.07

- I 40 10.23
I 60 38.63

- I 60 34.90
I 80 81.77

- I 80 74.01
I 1 0 0 105.11

- I 1 0 0 94.89

Hie s ta n d a rd  e r ro r  o f  th e  e s t im a te  a t  1 0 0  days fo r  each o f th e  models 

i s  a ls o  inc luded .

The f i t  o f  each  r e g r e s s io n  m odel t o  th e  a c t u a l  d a ta  p o in t s  

( f ig s ,  l a , l b , l c , Id) i l l u s t r a t e s  how l a c k - o f - f i t  d e c rea se s  a s  th e  model 

c l o s e l y  a p p ro a c h e s  t h e  t r u e  f u n c t i o n a l  r e l a t i o n s h i p .  The s ta n d r d  

e r r o r  i s  g r e a t e s t  f o r  th e  l i n e a r  m odel ( f i g .  l a ) ,  d e c r e a s e s  i n  th e  

polynom ial m odels ( f ig s .  I b  and l c ) ,  and i s  s m a lle s t  when th e  sigm oid 

tra n s fo rm a tio n  i s  used.

The polynom ial model u sing  a l l  p o s s ib le  v a r ia b le s  ( f ig . lb) i s  a  

v e ry  good f i t ,  b u t  th e  s i g n i f i c a n c e  o f  th e  n i t r o g e n  e f f e c t s  i s  n o t  

r e a d i l y  a p p a r e n t .  N i t r o g e n  e f f e c t s  a r e  d i l u t e d  o v e r  s e v e r a l  

i n t e r a c t i o n  co m p o n en ts . P a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  th e  

i n t e r a c t i o n  v a r i a b l e s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  In  f a c t ,  

when t h i s  m odel i s  u s e d , n i t r o g e n  e f f e c t s  o f  40 g in  p eak  y i e l d  a r e  

n o t s t a t i s t i c a l l y  s ig n i f ic a n t !

The b ack w ard  e l i m i n a t i o n  m o d e l, in  t h i s  c a s e ,  d id  show a



21

s i g n i f i c a n t  n i t r o g e n  i n t e r a c t i o n  v a r i a b l e  (N x t 2)„ H ow ever, t h i s

model lo s e s  p re c is io n  because o f  l a c k - o f - f i te  I t  lo s e s  th e  a b i l i t y  to  

d e te c t  n itro g e n  d if f e r e n c e s  a s  th e  tre a tm e n t e f f e c t  g e ts  s m a lle r . The 

sigm oid  model i s  a b le  to  d e te c t  n itro g e n  tre a tm e n t d if f e r e n c e s  l e s s  

th an  I  g , g iven  th e  v a r i a b i l i t y  d e fin ed  in  t h i s  case.

To d em onstra te  th e  model developm ent p ro cess  fo r  th e  d a ta  in  t h i s  

t h e s i s ,  an  ex am p le  i s  p ro v id e d  u s in g  d a ta  f o r  t o t a l  n i t r o g e n  

a c c u m u la t io n  in  f a b a  b ean  ( f i e l d  e x p e r im e n t) .  The p l o t  ( f i g .  2) o f  

th e  mean v a lu e s  fo r  each s a l i n i t y  le v e l  a t  fo u r h a rv e s t  d a te s  su g g ests  

sigm oid  grow th w ith  a  re d u c tio n  in  tim e  t o  m a tu r ity , p ro p o r tio n a l to  

a p p lie d  s a l i n i t y  s t r e s s .

H a n d - f i t ,  s ig m o id  c u rv e s  g iv in g  l e a s t  d e v i a t i o n s  ( th ro u g h  th e  

m eans i n  t h i s  c a se ) a r e  g iv e n  i n  f i g u r e  3 . C urves a r e  e x t r a p o la t e d  

when n ecessa ry  o n ly  fo r  model developm ent. S t a t i s t i c a l  in fe re n c e s  a re  

re p o r te d  f o r  d a ta  o n ly  th roughou t th e  p e r io d  in c lu d ed  in  th e  a n a ly s is . 

The t im e  r e q u i r e d  t o  a t t a i n  maximum y i e l d  (X^) i s  fo u n d  g r a p h ic a l l y  

f o r  e ach  s a l i n i t y  l e v e l .  Each c u rv e  i s  th e n  d iv id e d  i n t o  t e n  e q u a l 

segm ents, from  zero  to  Xp. As an exam ple, th e  v a lu e s  fo r  th e  sigm oid 

curve re p re se n tin g  grow th a t  21.8 mmhos a r e  g iven  in  t a b le  3. Maximum 

n itro g e n  c o n te n t was in te rp o la te d  to  be a t  95 days a f t e r  p la n tin g .
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T a b le  2. V a r ia b le s  and  r e g r e s s io n  c o e f f i c i e n t s  w i th  t h e i r  s ta n d a r d  
e r r o r s  and  P -v a lu e s  f o r  c o m p ariso n  o f  r e g r e s s io n  a n a ly s e s  u s in g  
l in e a r ,  po lynom ial and sigm oid  m odels.

V A R T A R T .E B SEfB) P-VALUE

LINEAR

N -1 .7 6 7.041 0.811
T 1.32 .106 0 . 0 0 1

N x T .07 .106 0.594

INTERCEPT= -3 3 .6 5 R 2 = . 963 SE(EST) AT MAX. YIELD = 7 .35

POLYNOMIAL (ALL POSSIBLE VAR)

N 2.125 13.49 0.899
T -3 .1 4 2 .882 0.070

N x T -.1727 .882 0.863
T2 .0755 .0164 0.044

N X T2 .0040 .0164 0.829
T3 -.0004 . 0 0 0 1 0.053

N x T 3 . 0 0 0 0 2 . 0 0 0 1 0.846

INTERCEPT= 37.96 R2= .998 SE(EST) AT MAX. YIELD = 3.94

• POLYNOMIAL (BACKWARD ELIM.)

T -3 .1 4 .565 0.003
T2 .07 . 0 1 0 0 . 0 0 1

T3 .0003 .00006 0 . 0 0 1

N X  T2 .0005 .00014 0.013

INTERCEPT= 37.96 R2= .998 SE(EST) AT MAX. YIELD = 2.24

SIGMOID TRANSFORM

EXP(-k) 99.96 .077 0 . 0 0 1

N x EXP(-k) 5.06 .049 0 . 0 0 1

INTERCEPT=.03 R2= .999 SE(EST) AT MAX. YIELD = 0.07
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□  WI T H  NI  TROGEN

WI T H O U T  N I T R O G E N

. 9 6 3

D A Y S  A F T E R  P L A N T I N G

F ig u r e  l a .  F i t  o f  l i n e a r  m odel t o  d a ta  p o in t s  r e p r e s e n t in g  s ig m o id  
grow th p a tte rn . Hash mark re p re s e n ts  s tan d a rd  e r ro r  o f th e  e s tim a te  
a t  1 0 0  d a y s .
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□  WI TH N I T R O G E N  

O  W l T H O U T  NI  TROGEN

. 9 9 8

>0 To GO s o  
D A Y S  A F T E R  P L A N T I N G

F ig u re  l b .  F i t  o f  p o ly n o m ia l m odel u s in g  a l l  p o s s i b l e  v a r i a b l e s  t o  
d a ta  r e p r e s e n t in g  s ig m o id  g ro w th  p a t t e r n .  Hash m ark r e p r e s e n t s  
s ta n d a rd  e r ro r  o f th e  e s tim a te  a t  1 0 0  days.
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□  WI TH N I T R O G E N

O  Wl T H O U T  N I T R O G E N  

R 2 = . 9 9 8

!rO <0 &0 80
D A Y S  A F T E R  P L A N T I N G

F ig u re  l c .  F i t  o f polynom ial developed u sing  backward e l im in a tio n  to  
d a ta  r e p r e s e n t in g  s ig m o id  g ro w th  p a t t e r n .  Hash m ark r e p r e s e n t s  
s ta n d a rd  e r ro r  o f th e  e s t im a te  a t  1 0 0  days
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□  Wl  TH N I T R O G E N

O  W l T H O U T  NI  TROGEN

. 9 9 9

D A Y S  A F T E R  P L A N T I N G

F ig u re  Id . F i t  o f  sigm oid  model to  d a ta  re p re se n tin g  sigm oid  grow th 
p a tte rn . Hash mark re p re se n ts  s ta n d a rd  e r ro r  o f th e  e s t im a te  a t  100 
days.
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oo

□  EC

O  EC

+  EC

X E C = I4

D A Y S  A F T E R  P L A N T I N G

F ig u re  2. Mean v a lu e s  f o r  t o t a l  n i t r o g e n  f o r  ^  fa b a  L. f o r  each  
s a l i n i t y  v a lu e  a t  f o u r  h a r v e s t  d a te s  a t  th e  SARC H u n tle y , MT. P lo t s  
a r e  tak en  th rough  th e  o r ig in  to  d em o n stra te  s ig m o id ic ity .
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oO

Q EC= 2 . 0

O  E C =  3 . 8

A  E C =  4 . 8

4*0 6'0 SO
D A Y S  A F T E R  P L A N T I N G

F ig u re  3 . H a n d - f i t ,  s ig m o id  c u rv e s  th ro u g h  th e  m eans o f  t o t a l  
n i t r o g e n  f o r  ] L.  f a b a  L. m easu red  a t  s i x  s a l i n i t y  l e v e l s  and  fo u r  
h a r v e s t  d a te s  a t  th e  SARC H u n tle y , MT. P l o t s  a r e  ta k e n  th ro u g h  th e  
o r ig in  and e x tra p o la te d  to  Xp where n ecessa ry  fo r  model developm ent.
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To s c a le  th e  sigm oid  model fo r  com parison to  th e  s ta n d a rd  cu rves 

g iv e n  i n  th e  m a tc h a c u ry e  b o o k le t  (J e n se n  and  H om eyer, 197 0 ), v a lu e s  

f o r  X and  Y a r e  c o n v e r te d  t o  X/Xp and  Y/Yp, r e s p e c t i v e l y  ( t a b l e  3„). 

The s c a le d  s ig m o id  c u rv e  o f  X/Xp v s  Y/Yp  i s  th e n  g ra p h e d  w i th  an  X 

a x i s  o f  19.05 cm (7.5 in c h e s )  and  a  Y a x i s  o f  12.7 cm (5.0 in c h e s ) ,  

and superim posed on th e  s ta n d a rd s  ( f ig  4.) u n t i l  th e  p roper fa m ily  o f  

c u rv e s  i s  fo u n d . The s c a le d  i n f l e c t i o n  p o in t  (X jyxp) i s  found  

g ra h ic a l ly ,  by in te r p o la t io n  i f  n ecessa ry .

T a b le  3 . S c a le d  v a lu e s  o f  t o t a l  n i t r o g e n  (Y) v s  t im e  (X) a t  21.8 
mmhos fo r  fab a  bean a t  th e  SARCf H untleyf MT.

X 0 .0 9 .5  19.0 28.5  38.0  47.5 57.0 66 .5  76 .0 85.5  95.0

Y 0 .0 0 . 0  . 0 1

OI—iOCSO

.20 .33 .49 .61 . 6 6

I O O . 1 0  . 2 0

5?9OCO b\ O Li O .80 .90 1 .0

Y/Y 0 .0 . 0 0  . 0 2 .03 .06 .15 .30 .50 .74 .92 1 .0

When th e  v a lu e s  f o r  n f X jyxpf and  Xp  h av e  b een  d e te rm in e d  f o r  

each s a l i n i t y  v a lu e , th ey  a re  p lo t te d  to  determ ine  t h e i r  r e la t io n s h ip s  

w i th  s a l i n i t y .  F o r t o t a l  n i t r o g e n ,  t h e  ex p o n en t (n) i s  c o n s ta n t  

(2 .0 ) , X jyxp  ( f ig .5 )  i s  a  f u n c t io n  f  (S) w h ere :

f(S ) = '.5 9  + .0034S

and Xp  ( f ig .  6 ) i s  a  fu n c tio n  g(S) where:

g(S) = 90.71 + 64.4S-1°1
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When th e se  fu n c tio n s  a r e  s u b s t i tu te d  in to  th e  s c a le d  curve form , th e  

model becomes:

ex p (-k (S ,T )) = e x p ( - [ ( ( T / g ( S ) - l ) / ( f ( S ) - I ) ]2=0)

The o n ly  s t e p  l e f t  i s  t o  f i n d  a  s c a l a r  f u n c t io n ,  A(S) (se e  page  

24) w hich, when m u lt ip l ie d  tim e s  th e  s ta n d a rd iz e d  curve form  (exp(- 

k (S ,T ))) , w i l l  d e s c r ib e  t h e  r e s p o n s e  s u r f a c e  a s  a  f u n c t io n  o f  

s a l i n i t y .  To d e s c r ib e  A (S), v a lu e s  o f  Yp a r e  p l o t t e d  v s  s a l i n i t y  

( f ig . 7). T h is  com pletes th e  model developm ent p ro cess .

A p l o t  o f  t h e  s ta n d a r d  e r r o r  v s  mean y i e l d  a t  each  h a r v e s t  d a te  

( f i g .  8 ) f o r  t o t a l  n i t r o g e n  r e v e a l s  t h a t  s t a n d a r d  e r r o r  i s  

p ro p o r tio n a l to  th e  sq u are  o f th e  mean y ie ld .  F urtherm ore , an F - t e s t  

o f  th e  n u l l  h y p o th es is  t h a t  th e  sigm oid  model goes th rough  th e  o r ig in  

i s  n o t  s i g n i f i c a n t .  A c co u n tin g  f o r  t h e s e  f a c t s ,  a  w e ig h te d  l e a s t  

s q u a r e s  a n a l y s i s  w as c a r r i e d  o u t  a c c o rd in g  to  S n ed eco r and  C ochran  

(1975). The o r i g i n a l  a n a l y s i s  t e s t e d  a  r e s p o n s e  s u r f a c e  o f  24 d a ta  

p o i n t s  (4 h a r v e s t  d a te s  x 6  s a l i n i t y  T re a tm e n ts ) .  The a n a l y s i s  o f  

v a r i a n c e  u sed  6  d e g re e s  o f  freed o m  f o r  r e g r e s s io n  an d  18 d e g re e s  o f  

freedom  fo r  l a c k - o f - f i t .  Adequacy o f th e  model was th en  t e s t e d  u sin g  

8 ^2 / 5 2 , where i s  th e  mean sq u are  fo r  l a c k - o f - f i t  ( th e  mean square  

o f  th e  d e v ia t i o n s  o f  t h e  24 d a ta  p o i n t s  fro m  th e  re s p o n s e  s u r f a c e ) , 

and s2 i s  th e  pooled , w ith in  tre a tm e n ts  mean square. S ince th e  la c k -  

o f - f i t  t e s t  was n o t s ig n i f ic a n t ,  th e  re g re s s io n  model was t e s t e d  ag a in  

u s in g  t h e  p o o le d  mean s q u a r e  o f  S^2 and  s2  (S n ed eco r and  C ochran , 

1980). T h is  a l lo w e d  g r e a t e r  p r e c i s i o n  when t e s t i n g  f o r  n i t r o g e n  

e f f e c t s .
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F igu re  4. S e t o f  s ta n d a rd  cu rves o f th e  fa m ily  n=2.0 (from Jensen and 
H om eyer, 1970). D o tte d  l i n e  r e p r e s e n t s  th e  s c a le d  c u rv e  o f  t o t a l  
n i t r o g e n  f o r  V. fa b a  L. a t  th e  SARC H u n tle y , MT.
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F ig u re  5. I n f le c t io n  p o in ts  (Xi Zxp) o f  th e  fa m ily  o f s ix  cu rves drawn 
th ro u g h  th e  m eans o f  t o t a l  n i t f o g e n  f o r  SL fa b a  L. a t  th e  SARC 
H untley , MT.
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L east sq u ares  a n a ly s is  o f  th e  raw d a ta  i s  accom plished  over th e  

e n t i r e  resp o n se  s u r fa c e  u s in g  t o t a l  n itro g e n  m easured a t  (S,T) vs th e  

v a lu e  o f exp(-k(S/F))„ S ince t h i s  i s  a  com parison o f a  number a g a in s t  

i t s  e s tim a te d  v a lu e , th e  r e s u l t in g  re g re s s io n  c o e f f ic ie n t  a ss ig n ed  by 

l e a s t  s q u a r e s  a n a l y s i s  s h o u ld  be v e ry  c lo s e  to  one . The r e g r e s s io n  

c o e f f i c i e n t  a s s ig n e d  in  t h i s  c a s e  ( t a b l e  4) i s  .98 w i th  a  s ta n d a r d  

e r r o r  o f  ±  .05 . The r2 o f  .63 i s  s i g n i f  i c a n t  a t  P<.001. The m odel i s  

a  v e ry  good f i t .

T able 4. L east sq u ares  f i t  o f  th e  sigm oid  re g re s s io n  model.

VARIABLE B SEfB) P-VALUE

A (S )ex p (-k (S ,T )) .98 .06 0.001

NA(S)ex p (-k (S ,T )) .13 .08 0.095

N (A (S )exp(-k(S ,T ))2 .14 .07 0.050

To d e te rm in e  th e  e f f e c t s  o f  f e r t i l i z e r  n i t r o g e n  on th e  a v e ra g e  

re s p o n s e  s u r f a c e ,  tw o o th e r  a d d i t i o n a l  v a r ia b le s ,  (NA(S) exp(-k(S,T))) 

and  (N (A (S )exp (-k (S ,T )))2 , w ere  in t r o d u c e d .  The a d d i t i o n  o f  th e s e  

v a r ia b le s  reduces th e  e v a lu a tio n  o f n i tro g e n  e f f e c t s  to  a  com parison 

o f th e  c u r v i l in e a r  r e la t io n s h ip s  o f  th e  response  s u r fa c e s  w ith  (N = I) 

and  w i th o u t  (N = - I ) .  (An ex am ple  in  w hich  n i t r o g e n  e f f e c t s  a r e  

l in e a r  in  th e  com parison betw een response  su rfa c e s  i s  g iven  in  f ig u r e  

9.) The re g re s s io n  c o e f f ic ie n t s  a ss ig n e d  to  th e se  f a c to r s  ( ta b le  4) 

in d ic a te  th e  f r a c t io n a l  in c re a se  o r d e c rea se  o f n itro g e n  accum ulation
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F ig u r e  6 . T im e (Xp ) t o  a c c u m u la t io n  o f  peak  t o t a l  n i t r o g e n  c o n te n t  
fo r  th e  fa m ily  o f s ix  cu rves drawn th rough th e  means o f t o t a l  n itro g e n  
f o r  f ab a  L. a t  t h e  SARC H u n tle y , MT.
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F ig u re  7. Peak y ie ld s  (Yp) o f  th e  fa m ily  o f s ix  sigm oid  curves drawn 
th ro u g h  th e  m eans o f  t o t a l  n i t r o g e n  f o r  Yt  fa b a  L. a t  th e  SARC 
H untley , MT.
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F ig u re  8 . S tandard  e r ro r  o f t o t a l  n itro g e n  m easurem ents fo r  Y*. faba  
L. a t  th e  SARC H u n tle y , MT. S ta n d a rd  e r r o r  i s  p r o p o r t i o n a l  t o  th e  
sq u are  o f  th e  mean y ie ld .
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over th e  e n t i r e  response  su rfa c e . The com pleted  re g re s s io n  model i s  

now;

Y = B1A(S) ex p (-k (S ,T )) + B2 NA(S) e x p (-k (S ,T )) + B3 N(A(S) ) 2 e x p (-k (S rT ))

The s ta n d a rd  e r r o r  o f  th e  re g re s s io n  c o e f f ic ie n ts  g iven  by l e a s t  

sq u ares  a n a ly s is  ( ta b le  4) a r e  v a r ia b le s  analogous to  th e  in c re a se  o r 

d e c r e a s e  in  th e  re s p o n s e  s u r f a c e  w i th  f e r t i l i z e r  N. The s ta n d a r d  

e r r o r  (.05) o f  t h e  r e g r e s s io n  c o e f f i c i e n t  (.98) f o r  t h e  re s p o n se  

s u r f a c e  (A (S )exp(-k (S ,T )) c o r re s p o n d s  t o  a p p ro x im a te ly  ±5% o f  th e  

v a lu e  o f th e  response  su rfa c e . In  o th e r  w ords, th e  s ta n d a rd  e r ro r  i s  

e q u a l  t o  .05 X A (S )exp (-k (S ,T )) ( f ig .1 0 ) .

I t  m ust be conceded t h a t  a  model o f  t h i s  com plex ity  f i t  through 

fo u r d a ta  p o in ts  (not in c lu d in g  th e  o r ig in )  i s  tenuous, and in fe re n c e s  

made th ro u g h  th e  i n t e r p o l a t i o n  b e tw ee n  h a r v e s t  d a te s  m u st be 

co n sid e red  a s  e s tim a te s . The com parison between n itro g e n  tre a tm e n ts  

i s  v a l id ,  however? and th e  re g re s s io n  model i s  v a l id  i f  d is c u ss io n  i s  

l i m i t e d  t o  i n f e r e n c e s  m ade a t  t h e  h a r v e s t  d a t e s .  A lth o u g h  

in te r p o la t io n  to  peak v a lu e s  may be o f  concern , th e  same m ust be s a id  

o f  th e  p o ly n o m ia l m odel. New d a ta  i s  n o t  p r e s e n t l y  a v a i l a b l e  t o  

f u r t h e r  e v a lu a te  th e  h y p o th e s i s ,  b u t  i n t u i t i v e  c o n f id e n c e  in  th e  

response  s u r fa c e  i s  g r e a t  enough to  w a rra n t adop tion  o f th e  model a s  

t h e  b e s t  m eans o f  a n a l y s i s  a v a i l a b l e  in  t h e  i n t e r im .  The p r e c i s i o n  

ga ined  in  an a ly z in g  fo r  n i tro g e n  e f f e c t s  s tre n g th e n s  t h i s  confidence.
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N X A e x p  ( - I t )

- • W

F ig u r e  9. M odel o f  n i t r o g e n  e f f e c t s  on a  m u l t i p l i c a t i v e ,  s ig m o id  
response  su rfa c e . The in c re a se  o r d ec rea se  in  y ie ld  i s  p ro p o r tio n a l 
to  th e  average  su rfa c e .
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A prim e c o n s id e ra tio n  fo r  fu tu r e  ex p erim en ts  i s  th e  in c lu s io n  o f more 

d a ta  p o in ts  on th e  tim e  a x is .
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S E = • 0 5  X A e x p  ( - k )

F ig u re  10 . M odel o f  s ta n d a r d  e r r o r  on a  m u l t i p l i c a t i v e ,  s ig m o id  
response  su rfa c e . The s tan d a rd  e r r o r  i s  p ro p o r tio n a l to  th e  y ie ld .
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CHAPTER IV

EFFECTS OF SALINITY ON WCIA FABA L.

Faba bean  i s  m o d e ra te ly  t o l e r a n t  t o  s a l i n e  c o n d i t io n s .  F i f t y  

p e r c e n t  y i e l d  r e d u c t io n  h a s  b een  r e p o r t e d  a t  6  mmhos in  e q u a l 

e q u iv a l e n t s  o f  NaCl and  CaClg (A yers and  E b e rh a rd , 1960) and  a t  9 

mmhos when th e  predom inant s a l t  was NagSO^ (El K aro u rif- 1979). Many 

o f th e  o th e r  la rg e -se e d e d  legum es t h a t  may be used in  a  ce rea l-leg u m e  

r o ta t io n  a r e  h ig h ly  s e n s i t iv e  to  s o i l  s a l i n i t y .  P ro p e rly  in o c u la te d  

fa b a  b ean  p l a n t s  can  s u p p ly  a l l  t h e  n i t r o g e n  r e q u i r e d  f o r  optim um  

g ro w th  th ro u g h  s y m b io t ic  d i n i t r o g e n  f i x a t i o n  and  s o i l  r e s i d u a l  

n i t r o g e n  i n  low  n i t r a t e  s o i l s  (R ic h a rd s  and  S o p e r, 1 9 7 9 ). Faba bean  

re q u ire s  a  coo l season  fo r  optimum developm ent and i s  w e ll  adap ted  to  

th e  ce rea l-g ro w in g  a re a s  o f  w este rn  Canada (Duke, 1981). T herefo re , 

f a b a  b ean  h a s  p o t e n t i a l  f o r  u se  in  c e r e a l - le g u m e  r o t a t i o n s  in  c o o l ,  

s e m i-a r id  re g io n s  o f  th e  U nited  S ta te s .

L im ited  in fo rm a tio n  i s  a v a i l a b le  r e g a r d in g  th e  e f f e c t s  o f  s o i l  

s a l i n i t y  on p l a n t  and  s e e d  y i e l d  (U.S. S a l i n i t y  Lab, 1954 ; A yers and  

E b e rh a rd , 1960; E l K a ro u ri ,  1979). E f f e c t s  o f  s o i l  s a l i n i t y  on 

s y m b io t ic  d i n i t r o g e n  f i x a t i o n  and  t h e  i n t e r a c t i o n  w i th  f e r t i l i z e r  

n i tro g e n  have n o t been determ ined .
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MATERIALS AND METHODS

F i e l d  e x p e r im e n t .  The e f f e c t s  o f  s o i l  s a l i n i t y  on  n o d u la t io n ,  

d i n i t r o g e n  f i x a t i o n ,  g ro w th  and d e v e lo p m en t o f  fa b a  b ean  (Vo fa b a  L» 

8A c k e r p e r le") w ere  e v a lu a te d  in  1980 a t  th e  S o u th e rn  A g r i c u l t u r a l  

R esearch S ta t io n ,  H untley , MT.

The s o i l  w as a  R yorp  s i l t  c la y  (T y p ic  C ry o c re p ts )  w i th  2% O.M., 

pH 8 , an d  N, P, and  K i n  t h e  lo w , h ig h ,  and  h ig h  s u f f i c i e n c y  ra n g e . 

The e x p e r im e n ta l  a r e a  h ad  b een  f a l lo w e d  t h e  p re v io u s  y e a r .  Chopped 

w heat s tra w  (12,000 kg ha”1) was s o i l  in c o rp o ra te d  14 months p r io r  to  

p la n tin g  to  reduce ind igenous s o i l  n itro g e n .

A ra n d o m iz ed  c o m p le te  b lo c k , s p l i t - b l o c k  d e s ig n  w i th  fo u r  

r e p l i c a t i o n s  w as u t i l i z e d .  S ix  m ain  p l o t s  ( 6  m2) r e c e iv e d  e q u a l 

e q u i v a l e n t s  o f  N aC l a n d  C aC l2  r e s u l t i n g  i n  a p p r o x im a te  s o i l  

c o n d u c t i v i t y  l e v e l s  o f  2 , 4 , 5 , 1 1 , 1 5 , and  22 mmhos (ECe) a t  

p l a n t in g .  S o i l  c o n d u c t i v i ty  w as m o n ito re d  b e f o r e  an d  d u r in g  th e  

g ro w in g  s e a s o n  a t  f o u r  w eek i n t e r v a l s  ( f i g .  1 1 ). One. p a r t  s o i l  w as 

m ix ed  w i th  tw o  p a r t s  w a te r  (w/w) an d  a l lo w e d  t o  s e t t l e  b e f o r e  

m e a s u r in g  c o n d u c t i v i ty .  S o lu t io n  c o n d u c t iv i ty  w as r e l a t e d  t o  th e  

s a t u r a t i o n  e x t r a c t  ( f i g .  1 2 ). S a l t  t r e a tm e n t s  w e re  s p l i t  i n t o  

s u b p lo t s  c o n ta in in g  0  and  2 0 0  kg h a ” 1  n i t r o g e n  a p p l i e d  a s  NH4 NO3 . 

In d ig e n o u s  n i t r a t e  n i t r o g e n  in  s u b p lo t s  n o t  r e c e i v i n g  f e r t i l i z e r  

n i tro g e n  was ap p ro x im ate ly  40 kg ha” 1  a t  p la n tin g .
' . t

S eed  w ere  p l a n te d  I  May 1980, 2.54 cm d eep , in  e igh t-^ row  p l o t s .  

Rows w ere 30 cm a p a r t  w ith  11 seed  n r 1  (330,000 seed  ha”1) . Seed w ere 

s i z e d  t o  c o n t r o l  v a r i a t i o n  i n  s e e d l in g  v ig o r  and  in o c u la t e d  w i th
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Figure 11. Soil conductivity (ElCe) ranges for the six salt treatments
at the SARC Huntley, MT.
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EC ( 2 : 1 )

Figure 12. BCe and BC2lI comparison from the SARC Huntley, MT.
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com m ercial, p e a t  base  Rhizobium ( s t r a in  Q, N itra g in  Co. M ilwaukee, 

W I ) .

W eekly i r r i g a t i o n s  o f  1 .8  cm w e re  a p p l ie d  w i th  an  o v e rh e ad  

s p r in k le r  system . Growing season p r e c ip i ta t io n  i s  g iven  in  f ig u r e  13. 

P lo ts  w ere hand-weeded w eekly.

D in itro g en  f ix a t io n ,  nodule  number, ro o t  volume, l e a f  a re a , shoo t 

d ry  w e ig h t, ro o t  d ry  w e ig h t, shoo t n itro g e n  (Sw/w), and ro o t  n itro g e n  

(%w/w), w e re  m e asu re d  40 , 6 1 , 8 8 , and  104 d ay s  a f t e r  p l a n t i n g .  Seed 

y ie ld  was m easured a t  h a rv e s t  and was de term ined  on a  p e r p la n t  and a  

p e r a re a  b a s is .

D in i t r o g e n  f i x a t i o n  w as m e asu re d  by K je ld a h l  and  a c e ty le n e  

r e d u c t i o n  a s  d e s c r i b e d  by  B u r r i s  (1 9 7 2 ) , w i t h  t h e  f o l l o w i n g  

m o d if ic a tio n s . Root sy stem s o f tw o p la n ts  from  each tre a tm e n t from 

e ac h  o f  f o u r  r e p l i c a t i o n s  w ere  e x t r a c t e d  w i th  a  15 X 15 cm c u t t i n g  

c y l in d e r .  P l a n t s  w e re  ta k e n  fro m  th e  m id d le  f o u r  ro w s t o  e x c lu d e  

border e f f e c t s .  Root sam ples w ere washed, b lo t te d  d ry , and incubated  

f o r  one h o u r im m e d ia te ly  a f t e r  e x t r a c t i o n  i n  500 m l, s e a le d  a s s a y  

cham bers c o n ta in in g  10% p u r i f i e d  a c e ty le n e . F i f ty  m i l l i l i t e r s  o f a i r  

was w ithdraw n and re p la c e d  w ith  50 ml o f  ace ty len e .

Gas s a m p le s  w e re  e x t r a c t e d  w i th  a  s y r in g e  and  s t o r e d  in  7 m l 

evacuated  blood sam pling  tu b e s  (Vacutainer® ). A T racer Model 550 gas 

chrom atograph w ith  dual Hg flam e io n iz a t io n  d e te c to r  and 30 m X <32. cm 

colum n o f  P o rap ak  T w as u sed  f o r  d e te r m in a t io n  o f  a c e ty le n e  

re d u c tio n . T w en ty -fiv e  m ic r o l i t e r  gas sam ples were in je c te d  in to  th e  

gas chrom atograph w ith  a  H am ilton gas sy r in g e  w ith  Chaney a d ap te r.
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Figure 13.
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Growing season precipitation at the SARC Huntley, MT.
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A l in e a r  r e la t io n s h ip  betw een sam ple c o n c e n tra tio n  in  p a r t s  p er 

m i l l i o n  (ppm) and  p eak  h e ig h t  w as o b ta in e d  u t i l i z i n g  h e liu m  a s  a  

c a r r i e r  g a s  a t  30 m l m in ~ l f lo w  r a t e .  Column te m p e r a tu r e  w as s e t  a t  

1 0 0 °C. A ir and hydrogen flow  r a t e s  to  th e  flam e io n iz a t io n  d e te c to r  

w e re  472 and  50 ml m in” l ,  r e s p e c t i v e l y .  E th y le n e  p r o d u c t io n  was 

c a lc u la te d  in  m icrom oles by r e l a t in g  ppm (ob ta ined  by peak h e ig h t) to  

t h e  vo lum e o f  th e  in c u b a t io n  cham ber m in u s th e  r o o t  vo lum e. R oot 

volume was d e term ined  by w a ter d isp lacem en t in  a  g rad u a ted  c y lin d e r .

P la n t  sh o o ts  and ro o ts  w ere bagged in  th e  f i e l d  and r e f r ig e r a te d  

d u r in g  t r a n s p o r t  t o  th e  l a b o r a to r y .  T u r g id  l e a f  a r e a  w as m easu red  

w i th  an  H ay ash i Denko a u to m a t ic  a r e a  m e te r  (M odel AAM-5 ). N odu les 

w ere counted , removed from  th e  ro o ts ,  d r ie d  f o r  24 hours a t  67°C, and 

w e ig h ed . P l a n t  and  s e e d  s a m p le s  w e re  d r i e d  a t  67°C f o r  24 h o u rs , 

w eighed and ground in  a  W iley m i l l .  N itro g m  c o n ten t was de term ined  

in  th e  S o i l  and P la n t  T issu e  A n a ly sis  L abora to ry  a t  Bozeman, MT using  

a  m o d ified  m acro-K je ld a h l te ch n iq u e  d e sc r ib e d  by Gavlak (1981). Seed 

y ie ld  was e s tim a te d  from  p la n ts  h a rv e s te d  from  th e  c e n te r  o f  th e  p lo t s  

in  a  I  m2  a re a . Sigm oid cu rv es  fo r  grow th p a ram ete rs  w ere f i t t e d  from  

te c h n iq u e s  d e v e lo p e d  by J e n s e n  and  Homeyer (1970) an d  s u b je c te d  t o  

re g re s s io n  a n a ly s is  (chap ter I I I ) .

Greenhouse exp erim en ts . A s e r ie s  o f c o n to lle d  environm ent experim en ts 

w ere  u se d  t o  v e r i f y  t h e  r e s u l t s  o b ta in e d  i n  th e  f i e l d .  B roadbean  

(V ic ia  f a b a  L. lA c k e rp e r I e 1) s e e d  w e re  in o c u la te d  (sam e a s  f i e l d  

e x p e r im e n t)  and  p la n te d  i n  4 X 25 cm 'c o n e t a in e r s ^ '  (Ray L each  Co., 

Canby, OR) f i l l e d  w i th  a  s i l t - l o a m  s o i l  (P a c h ic  C ry o b o ro lls )  (74 ppm 

NOg- -N ; 74 ppm P; 152 ppm K; 3% O.M.; pH 7 .5 ; and  1.6 mmho ECe )«
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A r a n d o m iz e d  c o m p le te  b lo c k  d e s i g n  w as u s e d  w i t h  f o u r  

r e p l i c a t i o n s .  P l a n t s  w e re  grow n u n d e r m e ta l  h a l i d e  la m p s  a t  2500 

e i n s t e i n s  w i t h  a  1 6 / 8  h o u r  l i g h t / d a r k  r e g i m e ,  2 5 /1 6 ° C  

p h o to /n y c to tem p era tu re , an d  60% r e l a t i v e  h u m id i ty .  M o d if ie d  h a l f -  

H o a g lan d 's  s o l u t i o n  (H oagland  and  A rnon , 1938) w as a d ju s t e d  t o  s i x  

EC2 5  l e v e l s  o f  1 .4 , 3 , 5 , 7 , 9, and 11 mmhos w ith  equal e q u iv a le n ts  o f 

NaCl and  CaCl2  (T ab le  4 ) .

E ig h t  p l a n t s  f r o m  each  t r e a tm e n t  w e re  h a r v e s te d  a t  1 4 , 21 , 28 , 

3 5 , and  42 d a y s . C p n e tja in e rs  w e re  n o t  l a r g e  enough t o  m a tu re  

b ra o d b e a n  p l a n t s .  A nailyses w e re  s i m i l a r  t o  th o s e  r e p o r te d  f o r  th e  

f i e l d  experim en t w ith  th e  ex cep tio n  o f th e  a c e ty le n e  re d u c tio n  assay . 

A c o n e ta in e r  w i th  an  i n t a c t  p l a n t  w as p la c e d  in  a  600 m l t e s t  tu b e  

cap p ed  w i th  a  ru b b e r  s to p p e r  f i t t e d  w i th  a  sep tu m . F i f t y  c u b ic  

c e n tim e te rs  o f  chamber gas was drawn from  each t e s t  tu b e  and rep laced  

w ith  50 cc  p u r i f ie d  a c e ty le n e . P la n ts  w ere in cu b ated  f o r  I  hour and 

7  ml gas sam ples w ere e x tra c te d  fo r  q u a n t i ta t iv e  gas chrom atography 

u t i l i z i n g  p ro cedu res employed in  th e  f i e l d  experim ent.

RESULTS AND DISCUSSION

Field  experiment.  In c re a se d  s o i l  s a l i n i t y  r e s u l te d  in  a  co rrespond ing  

d e c r e a s e  i n  em erg en ce  ( f i g .  1 4 ) . Em ergence w as l e s s  th a n  40% o f  th e  

c o n tro l a t  22 mmhos. Compared to  o th e r  c ro p s , fab a  bean i s  m oderately  

t o l e r a n t  t o  s o i l  s a l i n i t y  d u r in g  e a r l y  s e e d l in g  g ro w th  (Abel and 

McKenzie, 1964; B e rn s te in  and Hayward, 1958; U.S. S a l in i ty  Lab, 1954). 

B ecau se  o f  th e  r e d u c t io n  i n  em erg en ce  i n  a  s a l i n e  e n v iro n m e n t, t h e  

e f f e c t s  o f  s a l i n i t y  on  o th e r  g ro w th  p a r a m e te r s  e s t i m a te d  f rom t h e



Table 5. Nutrient solutions applied in greenhouse studies I

Chemical________ Stock Solution (r / D ______ Nutrient Solution (ml stock /L solution)

macronitrients with nitrogen without nitrogen
Fe(107, chelate) 19.92 1.25 1.25
KH2PO4 2Y.20 1.25 1.25
MgSO4-YH2O 98.60 1.25 1.25
K2SO4 8Y.00 .50 .50
KNO3 101.11 2.50 —  —

Ca(NO1)9-AH7O 236.16 2.50 —  —

CaCl2-ZH2O IAY.00 .Y5 3.25
KCl YA.56 — 2.5

micronitrients (combined stock solution) .625 .625
Zn SO4•YH2O .088
H3BO3 I. IAA
Mn Cl2-AH2O • Y2A •
Cu SO4 -SH2O .032
H2MO4 1H2O .008

I/ Modified from Hoagland ahcTArnon (19387
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Figure 14.

O

S O I L  C O N D U C T I V I T Y  ( E C e )

Emergence of faba L. at the SARC Huntley, MT.
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e f f e c t  on in d i v i d u a l  p l a n t  d a ta  may be  in a c c u r a t e .  Y ie ld s  may be 

c o n s id e ra b ly  reduced  on an a re a  b a s is .

T o ta l  d ry  m a t t e r  a c c u m u la t io n  d e c r e a s e d  w i th  in c r e a s e d  s o i l  

s a l i n i t y  ( f i g .  1 5 ) . T h is  d e c r e a s e  w as a l s o  e v id e n t  i n  s h o o t ,  f o o t ,  

and seed  y ie ld s  ( f ig . 16, 17, 18). In c re ase d  s o i l  s a l i n i t y  decreased  

th e  grow ing tim e  re q u ire d  to  o b ta in  th e  h ig h e s t  dry  m a tte r  y ie ld .  I t  

i s  n o t unusual fo r  s t r e s s  c o n d itio n s  to  e f f e c t  e a r ly  senescence ( I t a i  

an d  V a a d ia , 1965; W rig h t and  H iro n , 1969). R e d u c tio n  i n  d ry  m a t te r  

p ro d u c tio n  by 50% o ccu rred  a t  ap p ro x im ate ly  9 mmhos (Maximum y ie ld  i s  

ta k en  a s  th e  y ie ld  o f  th e  c o n tro l a t  day 104. F i f ty  p e rc e n t re d u c tio n  

in  y i e l d  i s  th e n  c a l c u l a t e d  u s in g  t h e  r e g r e s s io n  o f  p eak  y i e l d  on 

ECe O • T h ese  d a ta  show fa b a  b ean  s l i g h t l y  l e s s  s a l t  t o l e r a n t  th a n  

p r e v io u s  r e s u l t s  (E l K a ro u r i ,  197 9 ). E l K a ro u r i  r e p o r te d  a  50% 

r e d u c t io n  in  d ry  m a t t e r  a t  10 .5  mmhos. E l K a ro u r i  fo u n d  s h o o t  d ry  

w e ig h t  and  s e e d  y i e l d  b o th  t o  be  l i n e a r l y  and i n v e r s e l y  r e l a t e d  t o  

s o i l  c o n d u c tiv ity . In  t h i s  f i e l d  experim en t d ry  m a tte r  y ie ld s  w ere 

c u r v i l i n e a r .  T h is  may h av e  b een  t h e  r e s u l t  o f  t h e  d e c r e a s in g  s o i l  

s a l i n i t y  ( f i g .  1 1 ). Q u a n t i t a t i v e  v a lu e s  i n f e r r e d  by r e g r e s s io n  

a n a l y s i s  u s in g  t h e  v a lu e s  o f  ECe a t  p l a n t in g  m u s t be  c o n s id e re d  

approxim ate .

F e r t i l i z e r  n i t r o g e n  s i g n i f i c a n t l y  in c r e a s e d  s h o o t  d ry  w e ig h t 

( f i g .  1 6 ). S h o o t d ry  w e ig h t  w as 13% g r e a t e r  in  p l a n t s  r e c e iv in g  

f e r t i l i z e r  n itro g e n . F e r t i l i z e r  n i tro g e n  had no s ig n i f i c a n t  e f f e c t  on 

t o t a l  p l a n t  d ry  w e ig h t  ( s h o o t ,  r o o t ,  an d  s e e d ) . Faba b ean  h a s  b een  

re p o r te d  t o  be n i tro g e n  s e l f - s u f f i c i e n t  from  sy m b io tic  f ix a t io n  in  low 

n i t r a t e  s o i l s  (Dean an d  C la rk ,  1977; R ic h a rd s  and  S o p e r , 1979).
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□  EC

O  EC

+  E C = I O - G

X  E C = 1 4 - 6

<2> E C =  2 1 - 8

D A Y S  A F T E R  P L A N T I N G

F ig u r e  15 . R e g re s s io n  m odel o f  t o t a l  d ry  m a t te r  a c c u m u la t io n  in  V. 
Faba L. a t  th e  SARC H u n tle y , MT. The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  
o f  24 d a ta  p o in ts  (4 h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts)  ,each  th e  mean 
o f  s i x t e e n  p l a n t s .  The s t a n d a r d  e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  5% 
and i s  re p re se n te d  on th e  graph a s  2.2 g a t  th e  h ig h e s t  y ie ld .  R2  fo r  
th e  response  s u r fa c e  i s  s ig n i f ic a n t  to  .0 0 1 .
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o
WI T H O U T  N I T R O G E N

WI T H  N I T R O G E N

E C = I O - 6

E C = I 4 . 6

EC = 2 1  . 8

ri 4 2  S3 9 4  

D A Y S  A F T E R  P L A N T I N G

F ig u r e  16. R e g re s s io n  m odel o f  s h o o t  d ry  w e ig h t a c c u m u la t io n  in  V. 
fab a  L. a t  th e  SARC H untley , MT. The 4-d im en sio n a l re so n se  su rfa c e  i s  
th e  r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 
n i t r o g e n  t r e a t m e n t s ) , e ac h  th e  mean o f  e i g h t  p l a n t s .  The s ta n d a r d  
e r ro r  o f th e  response su rfa c e  i s  5%, re p re se n te d  a t  maximum y ie ld  by 
1 .08 g. R^ i s  s i g n i f i c a n t  t o  . 0 0 1 .
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Q  EC

O  EC

+ EC 1 0 . 6

X E C = I 4 . 6

O  E C =  2  I .

D A Y S  A F T E R  P L A N T I N G

F ig u re  17 . R e g re s s io n  m odel o f  r o o t  d ry  w e ig h t in  V. fa b a  L. a t  th e  
SARC H u n tle y , MT. The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  o f  24 d a ta  
p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a t m e n t s ) , each  th e  mean o f  16 
p la n ts .  The s tan d a rd  e r r o r  o f th e  response  su rfa c e  i s  3%, re p re se n te d  
a t  maximum y ie ld  by .12 g. R2  i s  s ig n i f ic a n t  to  .001.
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ID

B V2 V6 ; 
S O I L  C O N D U C T I V I T Y  ( E C e )

F ig u re  18. Average seed  y ie ld  fo r  SL fab a  L. a t  th e  SARC H untley, MT. 
Symbols re p re se n t th e  means o f fo u r r e p l ic a t io n s  o f  p la n ts  h a rv e s te d  
w i th in  one s q u a re  m e te r .  The s ta n d a r d  e r r o r  o f  th e  e s t i m a t e  a t  10 
mmhos i s  given. R2  i s  s ig n i f ic a n t  t o  .001.
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A lthough th e r e  was no s ig n i f ic a n t  d if f e r e n c e  in  ro o t  d ry  w eigh t w ith  

added f e r t i l i z e r  n itro g e n , i t  m ust be r e c a l le d  t h a t  s in c e  ro o ts  w ere 

rem oved w i th  a  s o i l  c o r e  o f  s p e c i f i e d  d im e n s io n s , e x t e n t  o f  r o o t  

p e n e t r a t i o n  w as n o t  m easu red . A lth o u g h  th e  b u lk  o f  t h e  r o o t  sy s te m  

was removed w ith  th e  co re , th e  m easurem ent. was more o f ro o t  d e n s ity  

th a n  t o t a l . d ry  w eigh t.

When th e  m eans o f  l e a f  a r e a  m e a su re m e n ts  a t  t h e  s i x  s a l i n i t y  

t re a tm e n ts  w ere p lo t te d  over tim e  . ( f ig . 19), th e  p a t te r n  o b ta in ed  i s  

n o t  t h a t  o f  a  s y m m e tr ic a l ,  b e l l - s h a p e d  c u rv e . A l l  a v a i l a b l e  

in fo rm a tio n  i s  used  when form ing th e  re g re s s io n  m odel, b u t a n a ly s is  

in c lu d e s  o n ly  th o se  d a ta  p o in ts  w ith in  th e  range o f s ig m o id ic ity  ( 8 8  

days). Because peak l e a f  a re a  i s  found th rough in te r p o la t io n  o f th e  

b e s t  sigm oid  f i t  th rough  th e  d a ta  p o in ts ,  q u a n t i ta t iv e  in te r p r e ta t io n  

o f th e  r e s u l t s  i s  approxim ate . However, because th e  model i s  a  good 

a p p ro x im a tio n  a t  t h e  m eans, i t  re m a in s  u s e f u l  f o r  o r th o g o n a l  

com parison o f n itro g e n  tre a tm e n t e f f e c t s .  T h is com parison r e s u l t s  in  

no s i g n i f i c a n t  d i f f e r e n c e  i n  l e a f  a r e a  a s  a  r e s u l t  o f  n i t r o g e n  

t r e a tm e n t .  An i n t e r e s t i n g  f e a t u r e  o f  th e  m odel ( f i g  20.) i s  t h a t  

maximum le a f  a re a  i s  o b ta in e d  a t  7.5 days, app rox im ate ly  c o in c id e n ta l 

w i th  maximum g ro w th  r a t e  ( i n f l e c t i o n  p o in t  o f  f i g .  1 5 ). . T h is  i s  

t h e o r e t i c a l l y  sound  and  in c r e a s e s  c o n f id e n c e  i n  t h e  m odel a s  

r e p re s e n t i t iv e  o f  l e a f  a re a  v s  tim e .

A p o ly n o m ia l m odel f o r  l e a f  a r e a  i s  g iv e n  in  f i g u r e  21. T h is  

m odel p ro v id e s  e s t i m a t e s  o f  Xp and  Yp v e ry  c lo s e  t o  th o s e  o b ta in e d  

u s in g  th e  sigm oid  model.
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E C = I O - S

E C = I 4 - 6

EC = 2 1 . 8

40 C O  C O  
D A Y S  A F T E R  P L A N T I N G

F ig u r e  1 9 .  Mean v a lu e s  f o r  l e a f  a r e a  in  V.  fa b a  L. f o r  e ach  s a l i n i t y  
v a lu e  a t  fo u r h a rv e s t  d a te s  a t  th e  SARC H untley , MT.
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D A Y S  A F T E R  P L A N T I N G

F ig u re  20. R e g re s s io n  m odel o f  l e a f  a r e a  in  V. fa b a  L. a t  th e  SARC 
H untley , MT. The resp o n se  su r fa c e  i s  th e  r e s u l t  o f  18 d a ta  p o in ts  (3 
h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n ts )  e a c h  th e  mean o f  16 p l a n t s .  The 
s ta n d a rd  e r ro r  o f th e  response  s u r fa c e  i s  2 %, re p re se n te d  a t  maximum 
l e a  a r e a  by 38 cm^.



59

O EC= 3 . 8

A EC

DAYS AFTER PLANTING

F ig u r e  21 . P o ly n o m ia l r e g r e s s io n  m odel o f  l e a f  a r e a  i n  5^ fa b a  L. 
a t  th e  SARC H untley , MT. The response  s u r fa c e  i s  th e  r e s u l t  o f 24 d a ta  
p o in ts  (4 h a rv e s t x 6  s a l i n i t y  tre a tm e n ts )  each th e  mean o f 16 p la n ts .
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A c e ty le n e  r e d u c t io n  (AR) in c r e a s e d  m a rk e d ly  a t  t h e  low  t o  m o d e ra te  

s o i l  s a l i n i t y  l e v e l s  ( f ig . 22). Improved s o i l  a g g reg a tio n  from th e  

a d d i t i o n  o f  c a lc iu m  w as e v id e n t  when s o i l  s a m p le s  w e re  ta k e n . The 

im p ro v ed  a e r a t i o n  in  t h e  r h iz o s p h e r e  may h av e  a c c o u n te d  f o r  th e  

i n c r e a s e d  n o d u l a t i o n  a n d  s u b s e q u e n t  i n c r e a s e  in  AR a c t i v i t y .  

D in i t r o g e n  f i x a t i o n  i s  c l o s e l y  l i n k e d  t o  r e s p i r a t i o n  (D a lto n  and 

M ortenson, 1972). M inchin and P a te  (1975) found d in itro g e n  f ix a t io n  

in h ib i te d  by in adequate  gas exchange.

R e g re s s io n  a n a l y s i s  i n d i c a t e s  maximum AR a t  6  mmhos. S o i l  

s a l i n i t y  above 10 mmhos r e s u l t e d  i n  a  p r o p o r t i o n a l  d e c l i n e  in  AR 

a c t i v i t y .  D in i t r o g e n  f i x a t i o n  in  s a l i n e  e n v iro n m e n ts  s h o u ld  be 

c o n s id e re d  a  f u n c t io n  o f  a  s a l i n i t y  X s o i l  ty p e  (% clay) i n t e r a c t i o n .  

S p e c i f i c  io n  e f f e c t s  (m o n o v a len t v s  d iv a le n t )  s h o u ld  be m a rk e d ly  

e v id en t in  s o i l s  w ith  a  h ig h  c la y  co n ten t.

T o ta l  n i t r o g e n  a c c u m u la t io n  ( f i g .  23) w as 26% h ig h e r  in  p l a n t s  

re c e iv in g  f e r t i l i z e r  n itro g e n , o n ly  when no excess s o i l  s a l i n i t y  was 

p r e s e n t .  In  t r e a tm e n t s  in  w h ich  s a l t  w as a p p l i e d ,  t h e  c o n v e rse  w as 

t r u e .  Ttotal n itro g e n  accum ulation  was 26% g re a te r  in  p la n ts  re ly in g  

p r im a r i ly  on sy m b io tic  d in itro g e n  f ix a t io n .

S h o o t n i t r o g e n  c o n te n t  p r e s e n te d  a  s i t u a t i o n  s i m i l a r  t o  t h a t  

encoun tered  in  form ing th e  l e a f  a re a  model. A p lo t  o f  th e  means (f ig . 

24) show s th e  d a ta  a r e  n o t  r e p r e s e n te d  by a  b e l l - s h a p e d  c u rv e . 

F u r th e rm o re  th e  r e s p o n s e  s u r f a c e s  o b ta in e d  w ith  n itro g e n  tre a tm e n ts  

( f i g s .  25a ,25b ) a r e  n o t  s y m m e tr ic a l  a b o u t an  a v e ra g e  s u r f a c e ,  so  an  

o rth o g o n a l com parison i s  n o t p o s s ib le .
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F ig u re  22. R egression  model o f  a c e ty le n e  red u c tio n  (AR) a c t i v i t y  in  
I L .  f a h a  L. a t  th e  SARC H u n tle y , MT. The 4- d im e n s io n a l  r e s p o n s e  
s u r f a c e  i s  th e  r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  
t r e a tm e n t s  x 2  n i t r o g e n  t r e a tm e n ts )  e ach  th e  mean o f  e i g h t  p l a n t s .  
The s ta n d a r d  e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  5%, r e p r e s e n te d  a t  
maximum AR by 1.65 uM. R2  f o r  th e  resp o n se  su rfa c e  i s  s ig n i f ic a n t  to  
.001 .
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F ig u re  23. R egression  model o f t o t a l  n itro g e n  accum ula tion  in  fflkfi 
L. a t  th e  SARC H untley , MT. The 4 -d im en sio n a l response  su r fa c e  i s  th e  
r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 
N itro g e n  t r e a tm e n t s )  e ach  th e  mean o f  e ig h t  p l a n t s .  The s ta n d a r d  
e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  6 % o f  th e  y i e l d ,  r e p r e s e n te d  a t  
maximum n i t r o g e n  c o n te n t  by .08 g. R^ f o r  th e  re s p o n s e  s u r f a c e  i s  
s i g n i f i c a n t  to  .0 0 1 .
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The m o st i n t e r e s t i n g  f e a t u r e  o f  t h e  response s u rfa c e s  o b ta in ed  

( f i g s ,  25a ,25b ) i s  t h e i r  a g re e m e n t w i th  th e  r e s u l t s  o b ta in e d  in  AR 

a n a l y s i s  ( f i g .  22) and  s e e d  n i t r o g e n  a n a l y s i s  ( f i g ,  2 6 ). When ,v a lu e s  

o f  Yp fo r  shoo t n itro g e n  a re  p lo t te d  a g a in s t  s o i l  co n d uctiv itjy  (f ig .

25b), Yp f o r  p la n ts  r e ly in g  p r im a r i ly  on sy m b io tic  d in i tro g e n  f ix a t io n
i

w as c u r v i l i n e a r  w i th  a  maximum a t  s i x  mmhos; a p p ro x im a te ly  th e  

s a l i n i t y  v a lu e  a t  w h ich  maximum AR a c t i v i t y  was o b ta in e d  ( f ig .  22 ). 

T h is c o in c id e s  w ith  th e  p la n t 's  a b i l i t y  to  p ro v id e  adequate  n itro g e n  

t o  th e  d e v e lo p in g  s e e d  ( to p  l i n e ,  f i g .  2 6 ).

In  c o n t r a s t ,  t h e  r e l a t i o n s h i p  fo u n d  b e tw een  s h o o t  n i t r o g e n  and  

s o i l  c o n d u c tiv ity  in  p la n ts  re c e iv in g  heavy n itro g e n  f e r t i l i z a t i o n  was 

in v e r s e  ( f i g .  2 5 a ,2 5 b ). As s a l i n i t y  in c r e a s e d ,  s h o o t  n i t r o g e n  

decreased . The r e s u l t  was a  d ecrease  in  n itro g e n  to  th e  seed  (bottom

l i n e ,  f i g .  2 6 ).

S h o o t n i t r o g e n  re a c h e d  i t s  p eak  c o in c i d e n ta l  w i th  maximum 

a c e ty le n e  re d u c tio n  a c t i v i t y ,  maximum l e a f  a re a , and maximum grow th 

r a t e .  S h o o t n i t r o g e n  d e c l in e d ,  p re su m a b ly  a s  a  r e s u l t  o f  p r o t e i n  

h y d ro ly s is  in  th e  sen esc in g  le a v e s  and t r a n s lo c a t io n  to  th e  developing  

s e e d s  (B eev ers , 1976).

A p o ly n o m ia l m odel f o r  s h o o t  n i t r o g e n  i s  a l s o  g iv e n  ( f ig .  27 ). 

T h is model found s ig n i f ic a n t  d if f e r e n c e s  between n itro g e n  tre a tm e n ts , 

b u t d id  n o t re p re se n t th e  s u b t le  d if f e r e n c e s  in d ic a te d  by th e  sigm oid 

m odel and  c o n c u r re d  in  by AR ( f ig .  22) and  se e d  n i t r o g e n  ( f i g .  26 ).

Shoot n i tro g e n  p e rcen tag e  in c re a se d  w ith  in c re a se d  s a l i n i t y  and 

w i t h  a p p l i c a t i o n  o f  f e r t i l i z e r  n i t r o g e n  ( f i g ,  2 8 ) .  N i t r a t e  

a c c u m u la t io n  h a s  b een  d e m o n s tra te d  in  v a r io u s  c ro p s  u n d e r heavy
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WI T H O U T  N I T R O G E N

I 20

WI T H  N I T R O G E N  

Q  E C =  2 . 0

D A Y S  A F T E R  P L A N T I N G

F ig u r e  24. S h o o t n i t r o g e n  a c c u m u la t io n  in  Y*. f a b a  L. a t  th e  SARC 
H untley , MT. Each symbol r e p re s e n ts  th e  mean o f m easurem ents tak en  on 
e i g h t  p la n ts .
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F ig u r e  25a . R e g re s s io n  m odel o f  s h o o t  n i t r o g e n  a c c u m u la t io n  in  5L. 
fab a  L. a t  th e  SARC H untley , MT. The 4 -d im ensiona l resp o n se  su rfa c e  
i s  th e  r e s u l t  o f 36 d a ta  p o in ts  (3 h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts  x 
2 n i t r o g e n  t r e a t m e n t s ,  e ach  th e  mean o f  e ig h t  p l a n t s .  The s ta n d a r d  
e r r o r  o f  t h e  r e s p o n s e  s u r f a c e  i s  3%, r e p r e s e n te d  a t  maximum s h o o t 
n itro g e n  c o n ten t by .07 g. R2  fo r  th e  response  su r fa c e  i s  s ig n i f ic a n t  
t o  . 0 0 1 .
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Q  WI T H  N I T R O G E N

O  WI T H O U T  N I T R O G E N

S O I L  C O N D U C T I V I T Y  ( E C e )

F ig u r e  25b. Peak s h o o t  n i t r o g e n  c o n te n t  in  SLu fa b a  L. a t  th e  SARC 
H untley , MT. Symbols re p re se n t th e  peaks o f  th e  sigm oid  cu rv es  g iven  
in  f ig u r e  25a.
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F ig u r e  26 . Seed n i t r o g e n  p e rc e n ta g e  o f  SL fa b a  L. a t  th e  SARC 
H untley , MT. Symbols re p re se n t means from  fo u r r e p l ic a t io n s  o f random 
s a m p le s  from  se e d  h a r v e s te d  w i th in  one  s q u a re  m e te r .  H ashm arks 
re p re se n t th e  s tan d a rd  e r r o r  o f  tn e  n itro g e n  tre a tm e n t d if fe re n c e .



f e r t i l i z a t i o n  (B oatw righ t and Haas, 1961)« A v a ilab le  n i t r a t e  may have 

exceeded th e  amount n e ce ssa ry  to  m eet th e  needs o f  th e  reduced  p la n t  

m e ta b o lism  u n d e r s a l i n e  c o n d i t io n s .  Another e x p la n a tio n  may be th e  

accum ula tion  o f f r e e  amino a c id s  a s .  a  means o f o sm o tic  ad ju stm en t to  

t h e  a b s o lu t e  i n c r e a s e  i n  s o i l  p o t e n t i a l  w ith  i n c e a s in g  s a l i n i t y  

(S te w a r t  an d  L ee , 1974). H e la l  an d  M engel (1981) r e p o r te d  t h a t  

in o r g a n ic  n i t r o g e n  in c e a s e d  w h i le  p r o t e i n  n i t r o g e n  d e c r e a s e d  in  1SL. 

fab a  L. under s a l in e  s t r e s s .

The p ro p o r tio n  o f  n i tro g e n  t o  p la n t  d ry  w eigh t h as  been shown to  

d e c r e a s e  f o l l o w in g  i n i t i a l  d e v e lo p m en t (B e e v e rs , 197 6 ). T h is  w as 

r e f l e c t e d  in  t h e  d e c l i n e  o f  s h o o t  n i t r o g e n  p e r c e n ta g e  and  r o o t  

n itro g e n  p ercen tag e  ( f ig . 28 and 29). Root p e rc e n t n i tro g e n  in c re a se d  

s l i g h t l y  a t  t h e  end o f  t h e  g ro w in g  s e a s o n . T h is  may h av e  r e s u l t e d  

from  t r a n s lo c a t io n  te rm in a tio n  o f f ix e d  o r absorbed  n itro g e n  from th e  

ro o t  to  th e  above ground p o r t io n  o f th e  p la n t .

S eed  y i e l d  w as d e te r m in e d  on  a  p e r  p l a n t  and  a  p e r  a r e a  b a s i s  

( f i g .  18 and  3 0 ). F i f t y  p e r c e n t  r e d u c t io n  i n  s e e d  y i e l d  o c c u r r e d  a t  

12 an d  10 .5  mmhos, r e s p e c t i v e l y .  T h is  i l l u s t r a t e s  t h e  d an g e r in  

a s s e s s in g  th e  s a l i n i t y  to le ra n c e  o f agronom ic c rops by m easuring y ie ld  

on  a  p e r  p l a n t  b a s i s .  F e r t i l i z e r  n i t r o g e n  had  no e f f e c t  on se e d  

y ie ld .

P e rc e n t n i tro g e n  in  th e  seed  i s  g iv en  in  f ig u r e  26. A s a l i n i t y  x 

f e r t i l i z e r  n itro g e n  in te r a c t io n  i s  e v id e n t, e s p e c ia l ly  a t  th e  m oderate

s a l i n i t y  l e v e l s .  W ith  e x c e s s  s o i l  s a l i n i t y  p r e s e n t ,  s o i l  n i t r o g e n  

a p p a re n tly  was unab le  to  p ro v id e  adequate  n itro g e n  t o  th e  r e l a t iv e ly  

l a r g e  num ber o f  d e v e lo p in g  s e e d s .  T h is  r e d u c t io n  i n  a v a i l a b l e

6 8
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F i g u r e  2 7 . P o ly n o m ia l  r e g r e s s i o n  m o d e l f o r  s h o o t  n i t r o g e n  
accum ula tion  in  IL  fab a  L. a t  th e  SARC H untley , MT. The 4-d im ensiona l 
re p o n se  s u r f a c e  i s  t h e  r e s u l t  o f  48 d a ta  p o in t s  (4 h a r v e s t s  x 6  

s a l i n i t y  tre a tm e n ts  x 2  n itro g e n  tre a tm e n ts ) , each th e  mean o f e ig h t  
p la n ts .  R2  fo r  th e  response su rfa c e  i s  s ig n i f ic a n t  to  .001.
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□  EC= 2 - 0

O EC= 3 8

+ EC=IO-G

X E C = I 4 . 6

O EC=21•8
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DAYS AFTER PLANTING

F ig u re  28. R egression  model o f shoo t n itro g e n  p e rcen tag e  in  faba  
L. a t  th e  SARC H untley , MT. The 4 -d im en sio n a l response  su rfa c e  i s  th e  
r e s u l t  o f  48 d a ta  p o in t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 
n i t r o g e n  t r e a t m e n t s ) , e ach  th e  mean o f  e i g h t  p l a n t s .  The s ta n d a r d  
e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  3%, r e p r e s e n te d  a t  104 d ay s  by .12% 
n itro g e n . R2  fo r  th e  response  su r fa c e  i s  s ig n i f ic a n t  to  .001.
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F ig u re  29. R egression  model o f ro o t n itro g e n  percen tag e  in  3L faba L. 
a t  th e  SARC, H u n tle y , MT. The r e s p o n s e  s u r f a c e  i s  t h e  r e s u l t  o f  24 
d a ta  p o in ts  ( 4  h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts ) , each th e  mean o f 16 
p la n ts .  U ie s tan d a rd  e r r o r  o f  th e  e s t im a te  a t  10 mmhos, 92 days a f t e r  
p l a n t i n g ,  i s  g iv e n . R^ f o r  th e  r e s p o n s e  s u r f a c e  i s  s i g n i f i c a n t  to  
.001 .
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F ig u re  30 . Seed  d ry  w e ig h t  f o r  V. f a b a  L. a t  th e  SARC H u n tle y , MT. 
Sym bols r e p r e s e n t  m eans fro m  fo u r  r e p l i c a t i o n s  o f  p l a n t s  h a r v e s te d  
w i th in  one s q u a r e  m e te r .  The s ta n d a r d  e r r o r  o f  th e  e s t i m a t e  a t  10 
mmhos i s  g iven . R2  i s  s ig n i f i c a n t  t o  .001 .
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n i t r o g e n  i s  l e s s  im p o r ta n t  a t  h ig h e r  s a l i n i t y  l e v e l s ,  w here  th e  

d e c r e a s e d  s e e d  num ber w as m ore a d e q u a te ly  s u p p l ie d .  C o n v e rse ly , 

s y m b io t ic  f i x e d  n i t r o g e n  w as a d e q u a te  t o  s u p p ly  d e v e lo p in g  s e e d s  

th roughou t th e  e n t i r e  s o i l  s a l i n i t y  range.

G reen h o u se  e x p e r im e n ts  ..Gre e n h o u se  d a ta  b a s i c a l l y  a g re e  w i th  f i e l d  

r e s u l t s .  H ow ever, u n l ik e  th e  c u r v i l i n e a r  s a l i n i t y  e f f e c t  on y i e l d  

u n d e r f i e l d  c o n d i t i o n s ,  y i e l d  r e d u c t io n  w i th  s a l i n i t y  in  th e  

g re e n h o u se  w as l i n e a r .  No se e d  w as fo rm ed  i n  th e  l i m i t e d  t im e  in  

which th e  p la n ts  w ere grown. Growth in  c o n e ta in e rs  r e s t r i c t e d  ro o t 

and subsequen t shoo t grow th.

L e a f a r e a  ( f i g .  31) w as u n a f f e c t e d  by f e r t i l i z e r  n i t r o g e n  and 

d e c r e a s e d  w i th  s a l i n i t y .  A 50% r e d u c t io n  i n  maximum l e a f  a r e a  w as 

fo u n d  a t  9.4 mmhos. Maximum l e a f  a r e a  w as o b ta in e d  a t  35 d ays 

compared to  th e  75 days re q u ire d  in  th e  f i e l d .  The re g re s s io n  models 

u sed  w e re  p r o p o r t io n e d  u s in g  maximum l e a f  a r e a  a s  a  c o n v e n ie n t  

re fe re n c e  p o in t ,  because maximum le a f  a re a  roughly  co in c id ed  w ith  th e  

in f l e c t io n  p o in ts  in  th e  grow th cu rves (maximum grow th r a t e ) . I t  was 

a ls o  shown th a t  th e  p la n ts  were approaching  maximum h e ig h t a t  th e  end 

o f  42 d a y s  ( f i g .  3 2 ).

T o ta l  d ry  w e ig h t  ( f i g .  33) d e c r e a s e d  i n  p r o p o r t io n  t o  s a l i n i t y  

tre a tm e n t. A f i f t y  p e rc e n t re d u c tio n  in  maximum y ie ld  o ccu rred  a t  8.7 

mmhos. P l a n t s  grow n w i th  n i t r o g e n  e x h i b i t e d  a  6 % in c r e a s e  in  t o t a l  

d ry  w e ig h t over greenhouse p la n ts  grown w ith o u t n itro g en .

S h o o t d ry  w e ig h t  ( f i g .  34) d e c r e a s e d  t o  50% o f  maximum y i e l d  a t  

8.9 mmhos. Shoots o f p la n ts  grown w ith  n itro g e n  accum ulated  8 % more 

d ry  w eigh t. T h is i s  l e s s  to le ra n c e  fo r  shoo t d ry  m a tte r  accum ulation
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F ig u r e  32 . R e g re s s io n  m odel o f  h e ig h t  o f  3L. f a b a  L. grow n in  
c o n e ta in e rs . The response  su rfa c e  i s  th e  r e s u l t  o f 30 d a ta  p o in ts  (5 
h a r v e s t s  x 6  s a l i n i t y  t r e a t m e n t s ) ,  e ac h  th e  mean o f  16 p l a n t s .  The 
s ta n d a rd  e r ro r  o f t±ie response  su rfa c e  i s  3%, re p re se n te d  a t  maximum 
h e ig h t by 1.7cm. R2  fo r  th e  response su rfa c e  i s  s ig n i f ic a n t  to  .001.
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F ig u re  33. R egression  model o f t o t a l  d ry  w eight fo r  fab a  L. grown 
in  o o n e ta in e rs . The fo u r d im ensional response  su r fa c e  i s  th e  r e s u l t  
o f  60 d a ta  p o i n t s  (5 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 n i t r o g e n  
t r e a t m e n t s ) , e ac h  th e  mean o f  e i g h t  p l a n t s .  S ta n d a rd  e r r o r  f o r  th e  
response  su r fa c e  i s  2%, re p re se n te d  a t  maximum w eigh t by .04 g. R2  o f 
th e  resp o n se  s u r fa c e  i s  s ig n i f ic a n t  t o  .0 0 1 .
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F ig u re  3 4 . R e g re s s io n  m odel o f  s h o o t  d ry  w e ig h t i n  V. f a b a  L. grow n 
in  c o n e ta in e rs . The response  su r fa c e  i s  th e  r e s u l t  o f  60 d a ta  p o in ts  
( 5  h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts  x 2  n itro g e n  t r e a tm e n ts ) , each th e  
mean o f e ig h t  p la n ts .  The s tan d a rd  e r r o r  o f th e  resp o n se  su rfa c e  i s  
2%, r e p r e s e n te d  a t  maximum w e ig h t  by .03 g. R2  f o r  th e  re s p o n se  
s u r fa c e  i s  s ig n i f i c a n t  t o  .0 0 1 .
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by v e g e ta t iv e  grow th th an  t h a t  re p o r te d  by El K arouri (1979) b u t more 

th a n  th a t  re p o r te d  by A yers and E berhard  (1950). They had found a  50% 

re d u c tio n  in  v e g e ta t iv e  d ry  w eigh t a t  10.5 and 6  mmhos re s p e c tiv e ly . 

The predom inant s a l t  in  th e  f i e l d  experim en t by El K arouri was NagSO^f 

w h ile  A yers and Eberhard  used eq u al e q u iv a le n ts  o f  KaCL and CaCLg.

R oo t d ry  w e ig h t  ( f i g .  35) d e c r e a s e d  t o  50% o f  maximum y i e l d  a t  

8.4 mmhos. N itrogen  tre a tm e n t had no e f f e c t  on ro o t d ry  w eight.

A cety lene  re d u c tio n  i s  g iven  in  f ig u r e  36. A c t iv i ty  du rin g  th e  

f i r s t  35 d a y s  f o l lo w e d  a  p a t t e r n  s i m i l a r  t o  t h e  s ig m o id  g ro w th , 

developm ent, and decay e x h ib ite d  by th e  f ie ld -g ro w n  p la n ts .  A cety lene 

re d u c tio n  was in v e rs e ly  p ro p o r tio n a l to  s a l i n i t y .  T h is p a t te r n  changed 

on  th e  f i n a l  h a r v e s t  a s  AR a c t i v i t y  a t  th e  t h r e e  lo w e s t  s a l i n i t y  

tre a tm e n ts  ex p erien ced  a  second r a p id  r i s e .  A cety lene re d u c tio n  was 

h ig h e s t  a t  5 mmhos. The cause o f t h i s  in c re a s e  i s  unknown.

P e r c e n t  n i t r o g e n  i n  b o th  t h e  s h o o t  ( f i g .  37) an d  t h e  r o o t  ( f ig .  

38) w as s i g n i f i c a n t l y  g r e a t e r  in  p l a n t s  r e c e iv in g  n i t r a t e  n i t r o g e n .  

P e r c e n t  n i t r o g e n  in c r e a s e d  w i th  s a l i n i t y  b u t d ecreased  o v e ra l l  w ith  

tim e . T h is  a g re e s  w ith  r e s u l t s  o b ta in e d  in  th e  f i e ld .

T o ta l  n i t r o g e n  d e c r e a s e d  w i th  s a l i n i t y  ( f i g .  3 9 ) . P la n t s  

re c e iv in g  n i t r a t e  n i tro g e n  a ccu m u la ted  50% m ore n i t r o g e n  th a n  th o s e  

grown w ith  no n i t r a t e .  Shoot t o t a l  n itro g e n  ( f ig . 40) a l s o  decreased  

w i th  s a l i n i t y  and  in c r e a s e d  w i th  f e r t i l i z e r  n i t r o g e n .  S h o o ts  

co n ta in ed  50% more n itro g e n  when p la n ts  w ere grown w ith  n i t r a t e  in  th e  

n u t r i e n t  s o lu t io n .
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F ig u r e  35 . R e g r e s s io n  m odel o f  r o o t  d ry  w e ig h t  f o r  V. f a b a  L. grow n 
in  c o n e ta in e rs . The resp o n se  s u r fa c e  i s  th e  r e s u l t  o f  30 d a ta  p o in ts  
(5 h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts )  each th e  mean o f 16 p la n ts .  The 
s ta n d a rd  e r r o r  o f  th e  resp o n se  s u r fa c e  i s  8 %, re p re se n te d  a t  maximum 
ro o t  d ry  w e ig h t by .02 g. R2  fo r  th e  response  su rfa c e  i s  s ig n i f ic a n t  
t o  . 0 0 1 .
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F ig u r e  36 . A c e ty le n e  r e d u c t io n  a c t i v i t y  o f  Ylu f a b a  L. grow n in  
c o n e ta in e rs . Each symbol r e p re s e n ts  th e  mean of e ig h t  p la n ts  grown 
w i th o u t  f e r t i l i z e r  n i t r o g e n .  A c t i v i t y  in  p l a n t s  grow n w ith o u t  
f e r t i l i z e r  n itro g e n  was v e ry  low.
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F ig u re  37. R egression  model o f shoo t n itro g e n  p ercen tag e  fo r  5L. faba  
L. grow n in  c o n e t a in e r s .  The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  o f  60 
d a ta  p o i n t s  (5 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 n i t r o g e n  
tr e a tm e n ts ) , each th e  mean o f e ig h t p la n ts .  The s tan d a rd  e r ro r  o f th e  
e s t im a te  a t  10 mmhos and 27 days a f t e r  p la n tin g  i s  g iven . R2  fo r  th e  
response  s u r fa c e  i s  s ig n i f i c a n t  to  .0 0 1 .
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F ig u re  38. R egression  model o f ro o t n itro g e n  percen tag e  o f SL faba L. 
grown in  o o n e ta in e rs . The response  su r fa c e  i s  th e  r e s u l t  o f  60 d a ta  
p o in ts  (5 h a rv e s ts  x 6 s a l i n i t y  tre a tm e n ts  x 2 n itro g e n  tre a tm e n ts ) ,  
each th e  mean o f e ig h t  p la n ts .  The s tan d a rd  e r ro r  o f th e  e s tim a te  a t  
10 mmhos and  27 d ay s  a f t e r  p l a n t i n g  i s  g iv e n . R2 f o r  th e  re s p o n se  
su rfa c e  i s  s ig n i f ic a n t  to  .001.
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SUMMARY

T his re se a rc h  confirm ed  fab a  bean t o  be m oderately, s a l t  to le ran t=  

A 50% re d u c tio n  in  y ie ld  o f  d ry  w e ig h t was determ ined  a t  9 Inmhosf. and 

a  50% r e d u c t io n  in  s e e d  y i e l d  (on an  a r e a  b a s is )  w as d e te rm in e d  a t  

10.5 mmhos.

A cety lene  re d u c tio n  a c t i v i t y  under m oderate s a l i n i t y  (4-10 mmhos) 

was found t o  have im proved over th e  c o n tro l p lo ts  in  Ryorp s i l t y  c lay . 

Improved s o i l  s t r u c tu r e  was observed  d u rin g  s o i l  sam pling. T h is may 

h a v e  r e s u l t e d  i n  im p ro v ed  g a s  e x ch an g e  i n  t h e  r h iz o s p h e r e  and  

s u b s e q u e n t  i n c r e a s e d  n o d u la t io n  and  n i t r o g e n  f i x a t i o n  c a p a b i l i t y .  

G reen h o u se  d a ta  i s  l e s s  c o n c lu s iv e  f o r  a c e ty le n e  r e d u c t io n .  The AR 

p a t t e r n  w as a t  f i r s t  i n v e r s e l y  p r o p o r t i o n a l  t o  s a l i n i t y ,  b u t ,  a f t e r  

f o u r  w eek s , AR in c r e a s e d  i n  th e  3 an d  5 mmho t r e a t m e n t s .  T h is  may 

i n d i c a t e  t h a t  t h e  im p ro v em en t i n  d i n i t r o g e n  f i x a t i o n  a t  low  t o  

m oderate s a l i n i t y  l e v e l s  i s  n o t s im p ly  th e  r e s u l t  o f  a  s o i l  (% c la y , 

c la y  type) x s a l i n i t y  in te r a c t io n .  C ond itions in  th e  rh iz o sp h e re  in  

th e  s i l t  loam s o i l  u sed  in  th e  greenhouse experim en ts  shou ld  n o t have 

chan g ed  enough t o  e x p la in  an  in c r e a s e  in  AR w ith  t h e  a d d i to n  o f  

calc ium  s a l t .  B inding o f d iv a le n t  s a l t  c a t io n s  to  membrane p o la r  head 

g ro u p s  may c a u s e  p h a se  ch an g es  i n  p l a n t  m em branes an d  a l t e r  t h e i r  

p e r m e a b i l i t y  (N ag le , 1976 ). I t  may a l s o  in c r e a s e  s u s c e p t i b i l i t y  o f  

p la n t  ro o t  h a i r s  to  rh iz o b ia l  in f e c t io n ,  in c re a s in g  n o d u la tio n .

Faba b ean  w as c a p a b le  o f  s u p p ly in g  i t s  own n i t r o g e n  th ro u g h  

sy m b io tic  f ix a t io n  in  low n i t r a t e  s o i l .  A lthough sh o o t d ry  w eigh t was 

13% g r e a t e r  i n  p l a n t s  r e c e iv in g  f e r t i l i z e r  n i t r o g e n ,  s e e d  y i e l d  w as
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F ig u r e  39 . R e g re s s io n  m odel o f  t o t a l  n i t r o g e n  c o n te n t  in  V. f aha r,. 
grown in  c o n e ta in e rs . The response  s u r fa c e  i s  th e  r e s u l t  o f  60 d a ta  
p o in ts  (5 h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts  x 2 n itro g e n  tre a tm e n ts ) , 
e ach  th e  mean o f  e i g h t  p l a n t s .  The s t a n d a r d  e r r o r  o f  t h e  re s p o n se  
su r fa c e  i s  3%, re p re se n te d  a t  maximum n itro g e n  c o n ten t by .002 g. r2 
fo r  th e  response  s u r fa c e  i s  s ig n i f ic a n t  to  .0 0 1 .
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F ig u re  40. R egression  model o f shoo t n itro g e n  accum ula tion  in  faba  
L. grow n in  c o n e t a in e r s .  The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  o f  60 
d a ta  p o in t s  (5 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 n i t r o g e n  
tre a tm e n ts ) , each th e  mean o f e ig h t p la n ts .  The s ta n d a rd  e r r o r  o f th e  
s u r f a c e  i s  3%, r e p r e s e n te d  a t  maximum n i t r o g e n  c o n te n t  by 
. 0 0 2  g. fo r  th e  response  su r fa c e  i s  s ig n i f ic a n t  to  .0 0 1 .



u n a ffe c ted . N itrogen  c o n te n t o f seed , however, was h ig h e r  in  p la n ts  

grown w ith o u t f e r t i l i z e r  n itro g e n , when grown under m oderate s a l i n i ty .  

A p p a re n t ly ,  s y m b io t i c a l l y  f ix e d  n i t r o g e n  w as m ore a v a i l a b l e  t o  th e  

seed  th an  m in e ra l n i tro g e n  a t  s a l i n i t y  l e v e l s  betw een 4 and 10 mmhos. 

C o n s id e r in g  th e s e  r e s u l t s ,  and  th e  eco n o m ic  s a v in g s  o f  in o c u la t io n  

v e rsu s  f e r t i l i z e r  n itro g e n  a p p lic a t io n , in o c u la tio n  i s  p r e f e r e n t ia l  to  

even h ig h  r a te s  ( 2 0 0  kg h a - 1 ) 0f  f e r t i l i z e r  n itro g en .
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CHAPTER V

EFFECTS OF SALINITY ON PHASBQLUS VULGARIS L„

The common b ean  (P h a s e o lu s  v u l g a r i s  L.) i s  one  o f  t h e  m o s t s a l t  

s e n s i t iv e  c ro p  plants=  However, env ironm en ta l d i f f e r e n c e s  have o f te n  

r e s u l t e d  in  c o n f l i c t i n g  d a ta .  F i f t y  p e r c e n t  r e d u c t io n  in : y i e l d  h a s  

been re p o r te d  a t  3.5 mmhos (Duke, 1981), 4.0 mmhos (U.S. S a l in i ty  Lab, 

1954), and ap p ro x im ate ly  2.0 mmhos (Sameni e t  a l . ,  1980). Most o f  th e  

s a l i n i t y  r e s e a r c h  on common b ean  h a s  b e en  l i m i t e d  t o  g re e n h o u se  o r  

grow th chamber c o n d itio n s  u sin g  NaCl s o lu t io n s . Com plete g e rm in a tio n  

in h ib i t io n  h a s  been re p o r te d  a t  6  mmhos (U.S. S a l in i ty  Lab, 1954).

La Haye and E p s te in  (1969) d em onstra ted  t h a t  L l v u lg a r is  L. cou ld  

grow in  5 mmho s o lu t io n s  o f  NaCl w ith  no d e tr im e n ta l  e f f e c t s ,  p rovided  

th e  n u t r i e n t  s o l u t i o n  c o n ta in e d  a t  l e a s t  I  mM CaSO4 . L im ite d  

in f o r m a t io n  i s  a v a i l a b l e  in v o lv in g  Na+ x Ca++ i n t e r a c t i o n s  on th e  

g ro w th  o f  common b ean . P a r r a  and  Romero (1980) u s in g  b o th  NaCl and  

CaCl2  r e p o r te d  a  25% r e d u c t io n  in  b ean  g ro w th  a t  5 an d  7 mmhos (ECe ) 

fo r  d ry  and w et s o i l s ,  re s p e c tiv e ly .

The re se a rc h  o f P a rra  and Romero (1980) dem onstra ted  th e  dangers 

o f  o v e r - s im p l i f ic a t io n  o f s a l i n i t y  (ECe) e f f e c t s  on p la n t  grow th. In
"  ' f

c h a p te r  I I I ,  a  s a l i n i t y  x s o i l  ty p e  (% c la y )  i n t e r a c t i o n  w as n o te d  

r e g a r d in g  th e  e f f e c t s  o f  s o i l  s a l i n i t y  on N2  (C2 H2 ) f i x a t i o n . , An 

in c r e a s e  i n  t h e  v a lu e  o f  m o s t p a r a m e te r s  w as n o te d  f o r  common b ean  

w i th  in c r e a s e d  s a l i n i t y  up t o  13 mmhos. The h i g h e s t  s a l i n i t y  v a lu e
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( 2 2  mmhos) r e s u l t e d  in  g ro w th  r e d u c t io n ,  b u t  e q u a l l e d  g ro w th  in  th e  

c o n tro l p l o t s ,

P a r r a  and  Romero (1980) s u g g e s te d  t h a t  s a l i n i t y  s t r e s s  i s  n o t  

a c c u r a t e l y  r e p r e s e n te d  by v a lu e s  o f  ECe s o i l s  w h ere  m a t r ix  

p o t e n t i a l  becom es im p o r ta n t .  T h is  may be t r u e  f o r  s o i l s  w i th  h ig h  

c la y  c o n te n t, such a s  th e  s o i l  a t  th e  S outhern  A g r ic u l tu ra l  R esearch 

C en ter, H untley, Montana, Qhe improvem ent in  s o i l  a g g reg a tio n  w ith  

added CaCl2  maY have com pensated fo r  th e  un fav o rab le  ro o t  environm ent 

n o rm ally  a s s o c ia te d  w ith  in c re a se d  s o i l  s a l i n i ty .

The common b ean  g row s b e s t  i n  w e l l  d r a in e d ,  loam  s o i l s  a t  

te m p e r a tu r e s  o f  15.6  -  21.1 °C (Duke, 198 1 ). F lo w e r a b o r t io n  i s  

s u b s ta n t ia l ly  in c re a se d  a t  te m p e ra tu re s  above 3 O0 C.

MATERIALS AND METHODS

F i e l d  e x p e r im e n t .  E x p e r im e n ta l  and  s t a t i s t i c a l  p ro c e d u re s  w ere  

in d e n t ic a l  to  th o se  re p o r te d  fo r  fab a  bean in  c h ap te r  I I I ,  except fo r  

in o c u la tio n . Seed w ere in o c u la te d  w ith  Rhizobium p h a s e d !  ( s t r a in  D) 

from  th e  N itra g in  Company, Milwaukee, Wisconson.

Greenhouse experiment. E x p e rim en ta l and  s t a t i s t i c a l  p ro c e d u re s  f o r  

b ean  (En. v u lg a r is  L.) w e re  s i m i l a r  t o  th o s e  in  c h a p te r  I I I  f o r  f a b a  

b ean . O nly  one  h a r v e s t ,  w as ta k e n  a t  21 d ay s  fro m  p la n t in g .  The 

a c e ty le n e  re d u c tio n  a ssay  was in d e n t ic a l  to  t h a t  fo r  fab a  bean excep t 

p l a n t s  w ere  s e v e re d  a t  th e  c o ty le d o n a ry  node p r i o r  t o  p la c in g  th e  

c o n e ta in e r  w ith  i n t a c t  ro o t  in to  th e  600 ml a ssay  chamber.
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RESULTS AND DISCUSSION

F ie ld  experim ent. In c re a s in g  s o i l  s a l i n i t y  re d u c e d  em erg en ce  ( f i g .  

41). F i f ty  p e rc e n t re d u c tio n  in  emergence o ccu rred  a t  approx im ate ly  9 

mmhos. Emergence was su p p ressed  81% w ith  22 mmhos. . Our r e s u l t s  w ith  

NaCl and  CaClg a r e  n o t  c o m p arab le  w i th  th o s e  r e p o r te d  by th e  U.S. 

S a l i n i t y  L a b o ra to ry  (1954) w here  NaCl w as u se d  a lo n e .  R e s u l t s  fro m  

th e  U.S. S a l i n i t y  L a b o ra to ry  show ed a  50% g e rm in a t io n  r e d u c t io n  a t  

a p p ro x im a te ly  f o u r  mmhos and  no g e r m in a t io n  a t  s i x  mmhos. Bean 

emergence e x h ib ite d  more s a l t  to le ra n c e  when equal e q u iv a le n ts  o f NaCl 

and CaCl2  w ere used.

T o ta l  d ry  m a t t e r  a c c u m u la t io n  ( f i g s .  42a,42b) in c r e a s e d  w ith  

s a l i n i t y  up  t o  12 mmhos and  th e n  d e c l in e d .  P l a n t s  grow n w i th  

f e r t i l i z e r  n i t r o g e n  h ad  h ig h e r  d ry  w e ig h t ,  e s p e c i a l l y  a t  t h e  lo w e r  

s a l i n i t y  l e v e l s  ( f ig .  4 2 a ).

S h o o t d ry  w e ig h t  ( f i g s .  43a ,43b) fo l lo w e d  th e  sam e p a t t e r n  a s  

t o t a l  d ry  w e ig h t  ( f i g .  4 2 a ,4 2 b ) , b u t  w i th  no s a l i n i t y  X n i t r o g e n  

i n t e r a c t i o n .  S h o o t d ry  w e ig h t  in c r e a s e d  a s  s a l i n i t y  in c r e a s e d ,  

r e a c h in g  a  p eak  a t  a p p ro x im a te ly  14 mmhos ( f i g .  43b). A t s o i l  

c o n d u c t iv i t ie s  g r e a te r  th an  14 mmhos, sh o o t d ry  w eigh t d ec lin ed .

Tem peratures a t  H untley w e re .f re q u e n tly  a t  35°C o r  h ig h e r du ring  

th e  re p ro d u c tiv e  grow th s ta g e . P rim ary  le a f  a b sc is s io n  was common fo r  

c o n t r o l  p l a n t s  and  d e c r e a s e d  a s  s a l i n i t y  i n c r e a s e d .  O s m o tic  

ad ju stm en t th rough  accum ulation  o f io n s  in  th e  le av e s  o f  s a l t  t r e a te d  

p l a n t s  (W ig n a ra jah  e t  a l „  1975b) may h av e  im p ro v ed  p l a n t / w a t e r  

r e la t io n s h ip s  and p rev en ted  p rim ary  le a f  a b sc is s io n , though grow th o f
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F ig u re  41. Emergence o f  Em. v u lg a r is  L. a t  th e  SARC H untley , MT.
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F ig u re  42a. R egression  model o f t o t a l  d ry  w eigh t o f £». v u lg a r is  L. a t  
th e  SARC H u n tle y , MT. The 4 -d im e n s io n a l  r e s p o n s e  s u r f a c e  i s  th e  
r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a tm e n t s  x 2 
n i t r o g e n  t r e a t m e n t s ) , e ach  th e  mean o f  e ig h t  p l a n t s .  The s ta n d a r d  
e r ro r  o f th e  response su rfa c e  i s  3%, re p re se n te d  a t  maximum dry w eigh t 
by .48 g. R2  f o r  th e  response  su r fa c e  i s  s ig n i f ic a n t  t o  .001.
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F ig u re  42b. Peak t o t a l  d ry  w e ig h t  in  £*. v u l g a r i s  L. a t  th e  SARC 
H untley , MT. Symbols re p re se n t th e  peaks o f  th e  sigm oid  cu rves g iven 
in  f ig u r e  42a.
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t h e s e  p l a n t s  w as re d u c e d . T h is  m ig h t e x p la in  why th e  o u tw a rd  

appearance o f s a l t  t r e a t e d  p la n ts  was t h a t  o f  reduced  s t a t u r e ,  w h ile  

d ry  w e ig h ts  w ere in c re a se d . Dry w eig h t may have te e n  g r e a te r  because 

o f  h ig h  io n  c o n te n t  (Yeo and  F lo w e rs , 1980) and  th e  r e ta in m e n t  o f  

p rim ary  le av e s .

R oo t d ry  w e ig h t  ( f i g .  44) p a r a l l e l l e d  t h a t  o f  s h o o t  d ry  w e ig h t. 

D iffe re n c e s  in  w e ig h t a s  a  fu n c tio n  o f s a l i n i t y  w ere r e l a t i v e ly  sm all. 

F e r t i l i z e r  n itro g e n  had no e f f e c t  on ro o t  d ry  w eight.

S a l t  t r e a tm e n t  h ad  no e f f e c t  on  a v e ra g e  se e d  y i e l d  p e r  p l a n t .  

A d d itio n a lly , n i tro g e n  e f f e c t  was n o n -s ig n if ic a n t .

L eaf a re a  ( f ig . 45) was n o t a f fe c te d  by f e r t i l i z e r  n itro g e n . I t  

in c re a se d  w ith  in c re a s in g  le v e l s  o f  s o i l  s a l i n i t y ,  re ach in g  a  maximum 

a t  15 mmhos. Maximum l e a f  a re a  w ith in  s a l t  tre a tm e n ts  was o b ta in ed  a t  

79 d a y s  a f t e r  p l a n t i n g .  Maximum l e a f  a r e a  w as c o in c i d e n ta l  w ith  

maximum grow th r a te .  .

A cety lene  re d u c tio n  (AR) was g r e a te s t  fo r  th e  c o n tro l  p la n ts  and 

decreased  a s  s a l i n i t y  in c re a se d  ( f ig . 46). However, n o d u la tio n  was so  

v a r i a b l e  t h a t  s a l i n i t y  t r e a tm e n t  show ed no e f f e c t .  P l a n t s  grow n 

w i th o u t  f e r t i l i z e r  n i t r o g e n  w ere  a p p ro x im a te ly  30% m ore a c t i v e  in  

a ce ty le n e  re d u c tio n . I t  i s  p o s s ib le  t h a t  s a l i n i t y  i s  m ore d e tr im e n ta l ,  

t o  th e  n i t r o g e n  f i x a t i o n  p r o c e s s ,  th a n  th e  im p ro v em en t o f  s o i l  

ag g re g a tio n  i s  b e n e f ic ia l .

T o ta l  n i t r o g e n  a c c u m u la t io n  ( f i g s .  47a,47b) was p ro p o r tio n a l to  

d ry  w e ig h t .  A n i t r o g e n  X s a l i n i t y  i n t e r a c t i o n  w as e v id e n t .  P l a n t s  

grown w ith o u t f e r t i l i z e r  n itro g e n  accum ulated  s l i g h t l y  more n itro g e n  

a t  m o d e ra te  s a l i n i t y  l e v e l s  (6 -14  mmhos). P l a n t s  grow n w i th
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F ig u re  43a . R e g r e s s io n  m odel o f  s h o o t  d ry  w e ig h t a c c u m u la t io n  in  
P. v u l g a r i s  L. a t  th e  SARC H u n tle y , MT. The 4-d im e n s io n a l  r e s p o n s e  
s u r f a c e  i s  th e  r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  
t r e a t m e n t s  x 2  n i t r o g e n  t r e a t m e n t s ) , e ac h  th e  mean o f  e i g h t  p l a n t s .  
The s ta n d a r d  e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  3%, r e p r e s e n te d  a t  
maximum s h o o t d ry  w e ig h t  a s  .36 g. R2  f o r  th e  re s p o n s e  s u r f a c e  i s  
s ig n i f i c a n t  t o  .0 0 1 .
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F ig u re  43b. Peak sh oo t d ry  w eigh t in  P*. v u lg a r is  a t  th e  SARC H untley, 
MT. Symbols r e p re s e n t  th e  peaks o f  th e  sigm oid cu rves g iven  in  f ig u r e  
43a.
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F ig u r e  44. R e g re s s io n  m odel o f  r o o t  d ry  w e ig h t i n  P. v u l g a r i s  L. a t  
th e  SARC H u n tle y , MT. The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  o f  24 d a ta  
p o in ts  (4 h a rv e s ts  x 6  s a l i n i t y  tre a tm e n ts ) , each th e  mean o f s ix te e n  
p la n ts .  The s ta n d a rd  e r r o r  o f th e  response  su rfa c e  i s  2%, re p re se n te d  
a t  maximum ro o t d ry  w eigh t by .022 g. R2  fo r  th e  response su rfa ce  i s  
s i g n i f i c a n t  t o  .0 0 1 .
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F ig u re  45. R e g re s s io n  m odel o f  l e a f  a r e a  in  v u l g a r i s  L. a t  th e  
SARC H u n tle y , MT. The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  o f  24 d a ta  
p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a t m e n t s ) , each  th e  mean o f  16 
p la n ts .  H ie s ta n d a rd  e r ro r  o f  th e  response  su rfa c e  i s  5%, re p re se n te d  
a t  maximum l e a f  a r e a  by 6 .5 cm^. r2 f o r  th e  re s p o n s e  s u r f a c e  i s  
s i g n i f i c a n t  t o  .0 0 1 .
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F ig u r e  46. R e g re s s io n  m odel o f  a c e ty le n e  r e d u c t io n  a c t i v i t y  in  
v u l g a r i s  L. a t  th e  SARC H u n tle y , MT. The 4 -d im e n s io n a l  re s p o n se  

s u r f a c e  i s  th e  r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  
t r e a tm e n t s  x 2  n i t r o g e n  t r e a t m e n t s ) , e ach  th e  mean o f  e i g h t  p l a n t s .  
The s ta n d a r d  e r r o r  o f  th e  re s p o n s e  s u r f a c e  i s  10%, r e p r e s e n te d  a t  
maximum AR by .4 uM. R2  f o r  th e  r e s p o n s e  s u r f a c e  i s  s i g n i f i c a n t  to  
.001 .
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F ig u re  47a . R e g re s s io n  m odel o f  t o t a l  n i t r o g e n  a c c u m u la t io n  in  
£*. v u l g a r i s  L. a t  th e  SARC H u n tle y , MT. The 4 -d im e n s io n a l  re s p o n se  
s u r f a c e  i s  th e  r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  
t r e a tm e n t s  x 2  n i t r o g e n  t r e a t m e n t s ) , each  th e  mean o f  e i g h t  p l a n t s .  
The s ta n d a r d  e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  4%, r e p r e s e n te d  a t  
maximum n i t r o g e n  c o n te n t  by .02 g. R2  f o r  th e  r e s p o n s e  s u r f a c e  i s  
s i g n i f i c a n t  t o  .0 0 1 .
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Figure 47b. Peak total nitrogen content of vulgaris L. at the SARC
Huntley, MT. Symbols represent the peaks of the sigmoid curves in
figure 47a.
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f e r t i l i z e r  n i t r o g e n  c o n ta in e d  m ore n i tro g e n  a t  s a l i n i t y  le v e ls  l e s s  

th an  s ix  mmhos and g re a te r  th an  14 mmhos, Most o f  th e  in te r a c t io n  i s  

a t t r i b u t e d  t o  t h e  a c c u m u la t io n  o f  n i t r o g e n  in  t h e  s e e d ,  s in c e  t h e r e  

w as no  d i f f e r e n c e  i n  s h o o t  n i t r o g e n  ( f i g .  48) b e tw ee n  p l a n t s  grow n 

w ith  and w ith o u t f e r t i l i z e r  n itro g e n .

P e rcen t sh o o t n itro g e n  was g r e a te s t  a t  h ig h e s t  s a l i n i t y  v a lu es  

( f i g .  4 9 ). T h is  c o n t r a d i c t s  p r e v io u s  r e s u l t s  (Sam eni e t  a l . f 1980) 

w here n itro g e n  c o n c e n tra tio n  d e c lin e d  a s  s a l i n i t y  in c re a se d . However, 

p la n ts  in  t h a t  experim en t w ere i r r i g a t e d  w ith  w a ter c o n ta in in g  o n ly  

NaCl. A d d i t i o n a l ly ,  t h e  h ig h e s t  s a l i n i t y  v a lu e  w as o n ly  3.5 mmhos. 

N itrogen  accum ula tion  in  th e  ro o t was n o t m easured by Sameni e t  a l .

R oot n i t r o g e n  p e rc e n ta g e  ( f i g .  50) w as a l s o  g r e a t e r  w i th  

in c re a se d  s a l i n i t y .  P la n ts  grown w ith  f e r t i l i z e r  n i tro g e n  co n ta in ed  

ap p ro x im ate ly  tw ic e  th e  r e l a t i v e  amount o f  n itro g e n  a s  p la n ts  grown 

w ith o u t n itro g e n . Root n itro g e n  c o n ten t was lo w est d u rin g  th e  p e rio d  

o f  maximum g ro w th  r a t e  (ap p ro x . 80 d ay s  a f t e r  p l a n t i n g ) .  As in  t h e  

f a b a  b e a n , a  s m a l l  r i s e  in  r o o t  n i t r o g e n  w as e v id e n t  n e a r  th e  end  o f  

t h e  g ro w in g  s e a s o n . T h is  w as p o s s i b l y  a  r e s u l t  o f  t r a n s l o c a t i o n  

c e s s a t io n  o f  f ix e d  o r absorbed  n itro g e n  to  above ground p la n t  p a r ts .

The g r e a te s t  e f f e c t  o f  s o i l  s a l i n i t y  upon y ie ld  was o b ta in ed  a s  a  

r e s u l t  o f  reduced  g e rm in a tio n . S a l in i ty  had no e f f e c t  on seed  y ie ld  

p e r  p la n t .  However, re d u c tio n  in  p la n t  numbers reduced  seed  y ie ld  on 

an a re a  b a s is  ( f ig . 51). Ih e  h ig h e s t  seed  y ie ld  was a t  app rox im ate ly  

s ix  mmhos. F e r t i l i z e r  n itro g e n  had no e f f e c t  on seed  y ie ld .

Seed nitrogen content exhibited a salinity x nitrogen interaction

similar to that observed in faba bean (chapter III). Seed nitrogen
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F ig u re  48. R e g re s s io n  m odel o f  s h o o t  n i t r o g e n  i n  Ejl v u l g a r i s  L. a t  
th e  SARC H u n tle y , MT. The re s p o n s e  s u r f a c e  i s  th e  r e s u l t  o f  24 d a ta  
p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a t m e n t s ) ,  each  t h e  mean o f  16 
p la n ts .  The s ta n d a rd  e r r o r  o f th e  response  su rfa c e  i s  6 %, re p re se n te d  
a t  maximum s h o o t n i t r o g e n  c o n te n t  by .02 g. R2  f o r  t h e  re s p o n se  
su rfa c e  i s  s ig n i f i c a n t  to  .0 0 1 .
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F ig u re  49. R e g re s s io n  m odel o f  s h o o t  n i t r o g e n  p e r c e n ta g e  in  P. 
vulgaris L. a t  th e  SARC H u n tle y , MT. The re s p o n s e  s u r f a c e  i s  t h e  
r e s u l t  o f  24 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  t r e a t m e n t s ) , each  
th e  mean o f 16 p la n ts .  Hie s tan d a rd  e r r o r  o f th e  re sp o n se  su rfa c e  i s  
6 %, re p re se n te d  a t  maximum r e l a t i v e  n itro g e n  c o n ten t by .27% n itro g en . 
r2  fo r  th e  response  su r fa c e  i s  s ig n i f i c a n t  to  .0 0 1 .
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F i g u r e  5 0 . R e g r e s s i o n  m o d e l o f  r o o t  n i t r o g e n  p e r c e n t a g e  in  
P. v u l g a r i s  L. a t  th e  SARC H u n tle y , MT. The 4 -d im e n s io n a l  re s p o n se  
s u r f a c e  i s  th e  r e s u l t  o f  48 d a ta  p o i n t s  (4 h a r v e s t s  x 6  s a l i n i t y  
t r e a tm e n t s  x 2  n i t r o g e n  t r e a t m e n t s ) , e ach  th e  mean o f  e i g h t  p l a n t s .  
The s ta n d a r d  e r r o r  o f  th e  r e s p o n s e  s u r f a c e  i s  13%, r e p r e s e n te d  a t  
maximum r e l a t i v e  n itro g e n  c o n ten t by .4%. R^ fo r  th e  response  su rfa ce  
i s  s ig n i f ic a n t  to  .0 0 1 .



105

p ercen tag e  (fig= 52) was g re a te r  a t  m oderate s a l i n i t y  s a l i n i t y  le v e l s  

f o r  p l a n t s  grow n w i th o u t  f e r t i l i z e r  n i t r o g e n .  C o n tro l  p l a n t s  and  

p l a n t s  grow n a t  t h e  h i g h e s t  s a l i n i t y  l e v e l  h ad  t h e  sam e n i t r o g e n  

c o n te n t, w hether grown w ith  o r  w ith o u t f e r t i l i z e r  n itro g e n .

G reen h o u se  e x p e r im e n t . Dry w e ig h t  d e c r e a s e d  a s  s a l i n i t y  t r e a tm e n t  

increased= There was no evidence o f  grow th improvement w ith  m oderate 

s a l i n i t y  l e v e l s  a s  o ccu rred  in  th e  f i e l d .  A f i f t y  p e rc e n t red u c tio n  

i n  t o t a l  d ry  w e ig h t  ( f i g .  5 3 ), s h o o t  d ry  w e ig h t  ( f i g .  5 4 ) , and  r o o t  

d ry  w e ig h t ( f ig . 55) o ccu rred  betw een 8  and 9 mmhos. P la n ts  re c e iv in g  

NOj-N accum ulated  15% more d ry  w eigh t.

Leaf a re a  ( f ig . 56) d ecreased  a s  s a l i n i t y  in c reased . Leaves w ere 

s m a lle r  and th ic k e r  a s  s a l i n i t y  in c re a se d . F i f ty  p e rc e n t red u c tio n  in  

l e a f  a re a  o ccu rred  a t  ap p ro x im ate ly  n in e  mmhos. F e r t i l i z e r  n itro g e n  

had no e f f e c t  on l e a f  a re a .

A c e ty le n e  r e d u c t io n  (AR) d e c r e a s e d  a s  s a l i n i t y  in c r e a s e d  ( f ig .

57). A s a l i n i t y  t re a tm e n t o f  th r e e  mmhos r e s u l te d  in  a  re d u c tio n  in  

AR o f  m ore th a n  80%. A d d it io n  o f  NO3-N in  th e  n u t r i e n t  s o l u t i o n  

d ecreased  AR by ap p ro x im ate ly  90%.

Shoot n i tro g e n  ( f ig . 58) and t o t a l  n itro g e n  ( f ig . 59) d e c lin ed  a s  

s a l i n i t y  t r e a t m e n t  in c r e a s e d .  A g r e a t e r  u p ta k e  o f  n i t r o g e n  w as 

o b s e rv e d  f o r  p l a n t s  t h a t  r e c e iv e d  NO3 -N in  th e  n u t r i e n t  s o lu t io n .  A 

s a l i n i t y  x f e r t i l i z e r  n i t r o g e n  i n t e r a c t i o n  w as e v i d e n t .  T he 

d i f f e r e n c e  i n  n i t r o g e n  u p ta k e  d e c r e a s e d  a s  s a l i n i t y  t r e a tm e n t  

in c re a se d .

R e la tiv e  n itro g e n  c o n te n t in c re a se d  a s  s a l i n i t y  in c re a se d . Shoot 

n itro g e n  p e rcen tag e  ( f ig . 60) and ro o t  p e rc en t n itro g e n  ( f ig . 61) w ere
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Figure 51. Seed dry weight per square meter for vulgaris L. at the
SARC Huntley, MT. Symbols represent the means of eight measurements
taken from treatments with and without fertilizer nitrogen.
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F ig u r e  52. Seed n i t r o g e n  p e rc e n ta g e  in  IL  v u l g a r i s  L. a t  th e  SARC 
H untley , MT. Symbols r e p re s e n t  th e  means o f fo u r r e p l ic a t io n s .  Hash 
m arks r e p r e s e n t  th e  s ta n d a r d  e r r o r  o f  th e  d i f f e r e n c e  b e tw een  
t re a tm e n ts  w ith  and w ith o u t f e r t i l i z e r  n itro g e n .



108

OQ
° 3

EC
7 g i 1 To

CF N U T R I E N T  S O L U T I O N
?2

Figure 53. Total dry weight of P. vulgaris L. grown in conetainers.
Symbols represent the means of eight plants. Hash mark represents the
standard error of the estimate at 6 mmhos.
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Figure 54. Shoot dry weight of P. vulgaris L. grown in conetainers.
Symbols represent the means of eight plants. Hash marks represent the
standard error of the estimate at 6 mmhos.
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Figure 55. Root dry weight of 2*. vulgaris L. grown in conetainers..
Symbols represent the means of eight plants. Hash marks represent the
standard error of the estimate at 6 mmhos.
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s i g n i f i c a n t l y  g r e a t e r  f o r  p l a n t s  t h a t  re c e iv e d  f e r t i l i z e r  n itro g e n . 

The g r e a te s t  d if f e r e n c e  in  r e l a t i v e  n itro g e n  c o n ten t i s  a t  th e  lo w e s t 

s a l i n i t y  l e v e l s  w here th e  more ra p id  grow th o c c u rre d ,.

SUMMARY

The common bean grows b e s t  on loam s o i l s .  The s i l t  c la y  s o i l  a t  

H u n tle y  may n o t  h a v e  b een  s u i t e d  f o r  optim um  bean  g ro w th . The 

improvement in  s o i l  a g g reg a tio n  was m ore b e n e f ic ia l  th a n  th e  in c re a se  

in  s a l i n i t y  was d e tr im e n ta l  fo r  some grow th p a ram ete rs  in  th e  f i e l d  

Dry w e ig h ty  l e a f  a r e a ,  and  n i t r o g e n  u p ta k e  re a c h e d  a  maximum a t  

m oderate s a l i n i t y  l e v e l s  (9-14 mmhos). As in  faba  bean, a  s a l i n i t y  x 

f e r t i l i z e r  n itro g e n  in te r a c t io n  was e v id e n t in  seed  n i tro g e n  co n ten t. 

S y m b io t ic a l ly  f i x e d  n i t r o g e n  p ro d u c e s  s e e d  w i th  h ig h e r  n i t r o g e n  

c o n te n t th an  f e r t i l i z e r  n itro g e n  a t  m oderate  s a l i n i t y  le v e ls .

There was no im provem ent in  p la n t  grow th in  th e  greenhouse w ith  

m o d e ra te  s o i l  s a l i n i t y  a s  o c c u r r e d  i n  t h e  f i e l d .  A l l  b ean  g ro w th  

p a ram ete rs  decreased  a s  s a l i n i t y  tre a tm e n t in c re a s e d  A f i f t y  p e rc en t 

re d u c tio n  in  y ie ld  o ccu rred  a t  ap p ro x im ate ly  n in e  mmhos fo r  d ry  w eigh t 

an d  l e a f  a r e a .  T h is  w as c o n s id e r a b ly  h ig h e r  th a n  w h a t h a s  b een  

r e p o r t e d  (Duke, 1981; Sam eni e t  a l . ,1 9 8 0 ;  B e r n s te in ,  1964; U.S. 

S a l in i ty  Lab, 1954). However, p rev io u s  experim en ts u t i l i z e d  n u t r i e n t  

s o lu t io n s  w ith  o n ly  NaGl. La Haye and E p ste in  (1969) re p o r te d  a  Na+ X 

Ca++ in te r a c t io n  which g r e a t ly  im p ro v ed  s a l i n i t y  t o l e r a n c e  in  b ean . 

In c re a se d  s a l i n i t y  to le ra n c e  w ith  th e  a d d it io n  o f Ca++ to  th e  n u tr ie n t  

s o lu t io n  over p re v io u s ly  re p o r te d  r e s u l t s  w ith  on ly  Na+ was ev id en t in  

bean in  bo th  f i e l d  and greenhouse experim en ts.
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Figure 56. Leaf area of £*. vulgaris L. grown in conetainers. Symbols
represent the means of eight plants. Hash marks represent the
standard error of the estimate at 6 mmhos.
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F ig u re  57. A c e ty le n e  r e d u c t io n  a c t i v i t y  o f  P. v u l g a r i s  L. grown in  
c o n e ta in e r s .  Sym bols r e p r e s e n t  th e  m eans o f e i g h t  p l a n t s  grow n 
w ith o u t f e r t i l i z e r  n itro g e n .
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Figure 58. Total shoot nitrogen content of vulgaris L. grown in
oonetainers. Symbols represent the means of eight plants. Hash mark
represents the standard error of the estimate at 6 mmhos.
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Figure 59. Total nitrogen content of vulgar is  l. grown in
conetainers. Symbols represent the means of eight plants. The hash
mark represents the standard error of the estimate at 6 mmhos.
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Figure 60. Shoot nitrogen percentage of E t vulgaris L. grown in
conetainers. Symbols represent the means of eight plants. Hash mark
represents the standard error of the estimate at 6 mmhos.
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Figure 61. Root nitrogen percentage of Ejl vulgaris L. grown in
conetainers. Symbols represent the means of eight plants. The hash
mark repesents the standard error of the estimate at 6 mmhos.
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APPENDIX A

EQUATIONS FOR RESPONSE SURFACES

E q u a t io n s  a r e  p r o v i d e d  f o r  f i g u r e s  i n  c h a p t e r s  4 a n d  5 . 

C o n d u c t iv i ty  (ECe  f o r  f i e l d  e x p e r im e n ts  and  EC o f  n u t r i e n t  s o l u t i o n  

f o r  g re e n h o u se  e x p e r im e n ts )  i s  r e p r e s e n te d  by S in  t h e  e q u a t io n s .  

F e r t i l i z e r  n i t r o g e n  i s  r e p r e s e n t e d  by N (n o  f e r t i l i z e r  

a p p l i e d ,N = l ? f e r t i l i z e r  a p p l ie d  o r  ad d ed  t o  n u t r i e n t  s o lu t io n ,N = - l ) .  

T im e i s  d e n o te d  by T. A b s o lu te  v a lu e  o f  t h e  s u p e r s c r i p t  o f  th e  e~k 

tra n s fo rm  i s  denoted  by b ra c k e ts  [ ] .

F ig u re  15 . T o ta l d ry  w eight fV ic ia  fab a  L . ) .

Model: Ae- ^

A: (1 8 .2 + ( .0000131(22-8)5))

e - k . exp- [ (T /88.5 + (.0 1 6 (22-S)2 •5) ) - I / ( ( .5 7 4 + .0037S)- I ) ] 2

F ig u re  16. Shoot d ry  w eigh t (V ic ia  fab a  L .)

Model: Ae-k+ENAe-k 

A: 10.65 + .25E -09(22-S )8o3 

B: .07

e- k . EXP-[ (T/ (90+(.0002134(22-S )4 ) ) ) - ! / ( . 5 + . 007S)- I ] 2
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F ig u re  17. Root d ry  w eigh t (V ic ia  fab a  L .)

Model: Ae~k

A: (1.8+.00000084(22-6)5)

e "k ; EXF-[ (T/ ( (99S-1°5)+ 8 5 )-!) /( ( .6 0 3 -.0 0 0 0 0 4 3 (2 2 -6 )3 .5 )

1]C

C :2 + E X P -[(((8 + 1 8 )/2 0 )-l)/.1 5 ]1 0

F ig u re  18. Seed d ry  w eigh t (g /p l t )  (V icia  fab a  L .)

Model: Folyncm ial

E q u a tio n : 13.15-.4556+ .1766^

F ig u re  20 . Leaf a re a  (V ic ia  fab a  L.)

Model: Ae“ k

A: 2072 -124 .56  + 3.4162 

e -k jE x p -[ (T /7 3 )-1 /.3 7 ]3

F ig u re  21 . Leaf a re a  (V ic ia  fab a  L.)

Model: Polyncm ial

E q u a tio n : -3909+146T+40S-.91T2-1.8ST*-.00045S2T2

F ig u re  22. A cety lene  re d u c tio n  a c t i v i t y  (V ic ia  faba, L .)

Model: BAe-k+CNAe-k+DN
••

A: (13.5+16.5EXP-[ ( (S + 1 0 )/1 6 - l) / .4 5 ]2 

B: .70 

C: .30

D: .70 .

e- k . EXP-[ ( (T+6.28+ 6 .066-.6262+ .01463)/(55 .64+ 3 .036- 

.312S2+ .007S3) .) /  (.36+ .002 [6 -9 ]1 -6) - i ] 2
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F ig u re  23. T o ta l n itro g e n  (V ic ia  fab a  L .)

Models Ae-k +BMAe™k 

A: (.541+2.728ST1.1)

B: - .1 3

e - k :E X P-[((T /(9d .71+64.43S-1 -1) ) - ! ) / ( .5 8 5 7 + .0034S-1)]2

F ig u re  25a. T o ta l sh oo t n itro g e n  (V ic ia  faba  L .)

Model: Ae“ k

As ( .5 7 8 2  + .1636N  -  .0 0 6 9 S  -  .0599N S -  .0 0 1 4 8 8 2  + 

.00489NS2 + oOOOOdS  ̂ -  .00011NS3

e-k :E X P -[(T /(7 3 .5 6 -.3 7 8 S + .0 2 3 2 4 S 2 )-l)/.3 3 ]2

F ig u re  27. T o ta l sh o o t n itro g e n  (V ic ia  fab a  L .p  

Models Polynom ial

E q u a t i o n . 89+. 035TJ-. 005S-. 0002T2- . 0004STf .1E-06S2t2+ 

.5E-05NT2

F ig u re  28 . Shoot n itro g e n  p e rcen tag e  (V ic ia  fa b a  L.)

Models C -(Ae_k+BNAe“k)

As (2.83-.1454S+.00363S2)

Bs .12 

Cs 4.4

e“k s EXP-[ ( (T-40)/6 5 - 1 ) / .4 7 ] 3

F ig u re  29. Root n itro g e n  p e rcen tag e  (V icia  fab a  L .)

Models Polynom ial

E q u a tio n s  5 .056 -  .071T + .0002T2 + ( . 5 1 7 8 X 1  0"20)t 10 
-  .0095S + .0003ST
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F ig u re  30. Seed d ry  w eigh t (g/m?) (V ic ia  fab a  L .) 

Model: Folyncm ial 

E quation : 2 1 9 .7 -1 4 .43S+.261S2

F ig u re  3 1 . I s a f  a re a  (V ic ia  fab a  L .)

Model: Ae- *1

A: (186.36-10.75S)

e- k ; exp- [ (T/35-1) / . 6 ] 1 *5

F ig u re  32 . P la n t h e ig h t (V ic ia  fab a  L .)

Model: Ae- *1

A: (55.98-.407S-.0746S2) 

e-k;EX P-[ (T /5 0 -D / .7 ]3

F ig u re  33. T o ta l d ry  w eigh t (V icia  fab a  L.)

Model: Ae-k +BNAe-k  

A: (3 .439-.216S)

B: .03

e - k ; EXP-[ (T/70-1) / .  5] 2

F ig u re  34. Shoot d ry  w eigh t (V ic ia  fab a  L .)

Model: Ae-k+BNAe-k 

As (3.113-.192S)

B: .04

e - k . exp- [ (T /70-1)/ .5 ] 2
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F ig u re  35. Root d ry  w eigh t (V ic ia  fab a  L .)

Model: Ae~k ,

A: (.316-.020S)

e - k :EXP-[ (T/ (5 1 .4 -2 .24S)- I ) / ( .1 2 5 + .019S-1)] 2 •5

F ig u r e  37i S h o o t n i t r o g e n  p e r c e n ta g e  (V ic ia  fa b a ) 

Model: Polyncm ial

E q u a tio n : 8 .4 8 5 - .823N-. 233T+. 002T2+ . 009S2- . 0037NS2

F ig u r e  38. R o o t n i t r o g e n  p e r c e n ta g e  (V ic ia  f a b a  L . ) 

Model: Polynom ial

E quation : 3 .053+.485N+.079T-.142S-.002T2+.019S2

F ig u re  39. T o ta l n itro g e n  (V ic ia  fab a  L .)

Model: Ae-k+ENAe-k 

A: (.0908-.0060S)

B: .20

e " k ;EXP-[ (T /70-1)/ . 5 ] 2

F i g u r e  4 0 . S h o o t  t o t a l  n i t r o g e n  (V i c i a  f a b a  L.) 

Model: Ae_k+BMAe“ k 

A: (.054-.003S)

B: .19

e“ k ; EXP-[ (T /55-!) / . 5 ] 2
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F ig u re  42a. T o ta l d ry  w eigh t (P. v u lg a r is  L .) 

Models Ae""k

As (8 .06+ 1 .51S -. 062S2+2.3 6N-. 5NS+. 024NS2) 

e“k sEXP-[ (T /95-1)/ . 3 4 ] 2

F ig u re  43a. Shoot, d ry  w eight (P . v u lg a r is  L .) 

Models Ae- ^

As (4.65+1.022S-.036S2+1.226N) 

e- k ; exp- [ (T/91-1) / . 3 7 ] 2

F ig u re  44 . Root d ry  w eigh t (£«. v u lg a r i/s L.) 

Models Ae""*1 

As .895+.04S-.0017S2 

e- k ;exp- [ (T /94-1)/ . 4 8 ] 1 *5

F ig u re  45. Leaf a re a  (£*. v u lg a r is  L.)

Models Ae""*1 

As (397+141S-5.3S2) 

e- k . exp- [ (T /79-1)/ . 3 3 ] 2

F ig u re  46 . A cety lene  re d u c tio n  (Etu v u lg a r is  L .) 

Models Ae""*1 

As 3 .61-.11S -.51N  

e- k ; ex p- [ ( (TM-32)/9 0 -1 ) / .  23 ] 2
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F ig u re  45a. T o ta l n itro g e n  (P. v u lg a r is  L .)

Models Ae~k

A: (.26+.036S-.0015S2+.06N-.016NS+.0008Ns2) 

e“ k :EXP-[ (T /9 3 -D /.3 5 ]2

F ig u re  48 . Shoot t o t a l  n i tro g e n  (£*. v u lg a r is  L .)

Model: Ae“ k 

A: (.14+.021S-.0007S2) 
e "k :E!XP-[ (T/87-1)/.38]2

F ig u re  49. Shoot n itro g e n  p e rcen tag e  (P . v u lg a r is  L.) 

Model: P o ly n an ia l

E qu a tio n : 2 .4 3 + .028Tf.068S-.OOlST+.000025TS2-.00025T2

F ig u re  50. Root n itro g e n  p e rcen tag e  (P. v u lg a r is  L .) 

Model: Polynom ial

Equation:3.169-.051T+.191S+1.209N-.0029ST-.0048S2 
+.00008TS2+.00039T2+.00016NT2-.0276NT

F ig u re  51 . Seed d ry  w eight (g/it?) (P . v u lg a r is  L .) 

Model: Ae” ^

A: 71

e-.k : EXP- [ ( (S+16) /2 2 -1 ) / .  5] I  •5

F i g u r e  5 3 . T o t a l  d r y  w e ig h t  (£«_ v u l g a r i s  L . ) 

Model: Polynom ial 

E quation : 1 .458+ .107N-. 090S
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F i g u r e  5 4 . S h o o t  d r y  w e ig h t  (£*. v u l g a r i s  L . ) 

Model: Folyncm ial 

E quation : .957+.075N-.060S

F ig u re  55 . Root d ry  w eigh t (Pjl v u lg a r is  L.)

Model: Polyncsnial 

E quation : .502+.032N-.031S

F ig u re  56. Leaf a re a  (P»_ v u lg a r is  L .)

Model: Polynom ial

E q u a tio n : 208.2+15.68N-12. 27S

F ig u r e  58. T o ta l  s h o o t  n i t r o g e n  (Pfl. v u l g a r i s  L. ) 

Model: Polyncsnial

E quation : .023+.007N-.001S-.00056SN

F ig u re  59. T o ta l n itro g e n  (P. v u lg a r is  L .)

Model: Polynom ial

E quation : .033+ .O llN -. 0015S-. 0008SN

F ig u r e  60. S h o o t n i t r o g e n  p e r c e n ta g e  (Pfl. v u l g a r i s  L,) 

Model: Polynom ial 

E quation : 2.246+.726N+.143S-.086NS

F ig u r e  61. R oo t n i t r o g e n  p e r c e n ta g e  (Pfl. v u l g a r i s  L. ) 

Model: Polyncsnial 

E quation : 1.826+.633N+.072S-.039NS
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APPENDIX B

DATA MEANS
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APPENDIX B 

DATA MEANS

Mean d a ta  p o i n t s  f o r  m easu red  p a ra m e te r s  a r e  g iv e n . Each 

re p re s e n ts  th e  mean o f e ig h t  p la n ts .  D ata a r e  p re sen te d  in  th e  o rd e r 

in  w h ich  th e  g ra p h s  r e p r e s e n t in g  t h e i r  a n a l y s i s  a p p e a r  in  th e  t e x t .  

The. number o f th e  f ig u r e  re p re se n tin g  th e  re g re s s io n  a n a ly s is  o f th e  

d a ta  in  each ta b le  i s  g iven  in  p a ren th ese s . S a l in i ty  t re a tm e n ts  a r e  

i n  c o l u m n s  a n d  a r e  n u m b e r e d  1 , 2 , 3 , 4 , 5 , 6  r e p r e s e n t i n g

2 . 0 .  3 . 8 . 4 . 8 . 1 0 . 6 . 1 4 . 6 . 2 1 . 8 ,  r e s p e c t i v e l y  a t  H u n t l e y ;  a n d

1 .4 .3 .0 .  5 .0 .7 .0 .9 .0 .1 1 .0  in  t h e  g re e n h o u se . H a rv e s ts  (row s) 1 ,2 ,3 ,4  

r e p r e s e n t  4 0 ,6 1 ,8 8 , an d  104 d ay s  a f t e r  p l a n t i n g ,  r e s p e c t i v e l y  f o r  

H u n tle y  d a ta .  H a rv e s ts  1 , 2 ,3 ,4 ,5  r e p r e s e n t  1 4 ,2 1 ,2 8 ,3 5 , and  42 d ay s  

a f t e r  p la n t in g ,  re s p e c t iv e ly  fo r  greenhouse d a ta  (only one h a rv e s t  was 

c o l le c te d  fo r  Jg0. v u lg a r is  L. in  th e  greenhouse). P la n ts  grown w ith o u t 

f e r t i l i z e r  n itro g e n  a re  g iven  in  th e  row la b e l le d  (O), and th o se  grown 

w ith  f e r t i l i z e r  n itro g e n  a r e  g iven  in  th e  row la b e l le d  (N).



138

Table 6. Total dry weight (g pit”1) fV« faba L.) Huntley (Fi^ 15)

H arv est N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O 2.76 3.34 3.04 2.37 1.96 1.33

N 2.52 2.68 2.39 1.89 1.53 1.58

O 14.70 14.72 15.58 9.10 9 .35 6.54

N 15.60 14.21 13.89 9.17 8.23 7.17

O 34.71 41.31 25.48 22.14 21.70 15.81

N 43.87 27.80 27.60 19.77 14.52 19.90

0 49.13 42.34 27.28 27.53 11.33 12.97

N 62.35 41.16 22.52 25.41 18.36 21.73
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Table 7. Shoot dry weight (g pit"I) (JL, faba L.) Huntley (Fig. 16)

H arvest N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

O 2.30 2.83 2.46 1.91 1.50 1 .01

N 2.06 2.16 1.91 1.48 1 .16 1 .29

0 12.41 12.65 13.42 7 .65 8.03 5.46

N 13.41 12.39 12.07 7.96 7 .14 6.15

O 16.29 20.06 13.0% 11.14 10.57 7 .96

N 24.64 16.32 14.19 10.95 8.53 11.95

0 25.41 16.13 14.02 13.47 6 .18 6 .75

N 28.45 22.15 12.57 15.15 11.45 11.80
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Table 8. Root dry weight (g pit-1) (XL faba L.) Huntley (Fig. 17)

H arvest N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O 0.46 0.52 0.58 0.46 0.46 0.31

N 0.46 0.51 0.48 0.41 0.37 0.30

O 2.29 2.07 2.15 1.45 1.33 1.07

N 2.19 1.83 1 .82 1.21 1 .09 1.02

O 3.33 4.10 2.71 2.13 2.23 1 .58

N 4.48 2.03 3 .24 2.17 1.50 2.23

O . 3.57 2.96 2.01 2.36 1 .08 1.25
4

N 5.13 3.39  2.07 1.87 1.56 1.33
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Table 9. Seed dry weight (g plfl) (V. faba L.) Huntley (Fig. 18)

N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O 15.1 9 .7 9 .7 8 .3 5 .0 5 .0

N 13.9 12.1 9 .6 8 .4 6 .2 3 .5

T a b le  10 . L ea f a r e a (cm2) ( y i f a h a  L,) H u n tle y  (F ig s . 19 ,2 0 ,2 1 )

H arv est N itrogen S a l in i ty  Treatm ent

I 2 3 4 5 6

O 279 352 271 233 223 125
I

N 241 267 218 180 142 135

O 1802 1560 1647 977 971 786
2

. . .  N 1522 1582 1173 1107 965 850

O 1234 1700 832 827 943 637
3

N 1950 1439 1195 910 742 1008

O 1695 561 438 618 236 325
4

N 1238 1009 540 651 801 609
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Table 11. Acetylene reduction activity (uM pit”1 h”1) (5L. faba L.)
Huntley (Fig. 22)

H arvest N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

0 27.0 32.3 36.6 27.7 24.6 10.3

N 13.0 20.6 13.4 6 .5 9 .0 6 .5

0 23.2 15.9 27.7 26.5 29.2 19.7

N 12.3 11.9 11.1 8 .1 12.7 10.1

0 9 ,2 10 .1 7 .7 8 .1 8 .3 7 ,4

N 3 .4 4 .1 2 .8 3 .8 2 .3 2 .9

0 9 .5 6 .8 5 .4 6 .7 3 .5 5 .9

N 2 .3 4 .2 3 .9 5 .3 8 .4 4 .4
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Table 12. Total nitrogen (g pit-1) (%_faha L.) Huntley (Fig. 23)

H arv est N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O .109 .130 .119 .091 .074 .048

N .101 .102 .089 .078 .057 .064

0 .510 .529 .560 .305 .340 .242

N .537 .531 .490 .324 .319 .266

O 1.102 1.269 .770 .678 .755 .545

N 1.332 .875 .808 .586 .506 .653

O 1.430 1.381 .813 .903 .390 .439

N 1.960 1 .224 .635 .739 .592 .766
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Table 13. Shoot nitrogen(g p l f l )  (3Ll faba L.) Huntley (Pigs.
24,25,26).

. H arv est N itrogen

I

S a l in i ty  T reatm ent 

2 3 4 5 6

I
0 .095 .116 .106 .079 .063 .039

N .088 .089 .077 .067 .049 .056

2
0 .472 .497 .522 .283 .316 .222

N .502 .502 .459 .303 .300 .248

0 .334 .423 .273 .234 .295 .220
3

N .604 .425 .336 .295 .283 .346

0 .400 .252 .242 .321 .169 .179
4

N .536 .469 .269 .369 ,324 .330

T able  14 . Seed n itro g e n  (%) (V,. fab a  L.) H untley (F ig .26)

N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

4.89 4.71 4.87 4.73 5.06 4.87

4.70 4.57 4.37 4.08 4.63 4.84
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Table 15. Shoot nitrogen (%) (V. faba L.) Huntley (Fig. 28

H arv est N itrogen

I

O 4.18

N 4.35

O 3.88

N 3.78

O 2.08

N 2.50

O 1.50

N 1.78

S a l in i ty  T reatm ent

2 3 4 5

4.08 4.30 4.15 4.20

4.15 4.08 4 .58 4.20

3.93 3.85 3.80 3,98

4.08 3 .88 3.98 4 .30

2.03 2.13 2.10 2.80

2.78 2 .38 2.90 3*38

1.60 2.00 2.33 2.80

2.05 2 .05 2-38 2.83

6

3.88

4.28

4,15

4.23

2.90

3.13

2 .65

2.83
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Table 16. Root nitrogen(%) (V. faba L.) Huntley (Fig. 29)

H arvest N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

O 2.90 2.60 2.38 2.68 2 .33 2 .65

N 2.75 2.65 2 .58 2.68 2.60 2.83

O 1.68 1 .55 1 .78 1.53 1 .85 1.83

N . 1 .68 1.60 1.70 1.90 1.80 1.85

O 0.90 0.90 0.83 1 .15 1 .08 1 .25

N 0.85 0.85 0.90 1.00 1 .08 1.40

O 1.20 1.08 1 .25 1.15 1 .48 1.53

N 1.33 1.23 1.13 1.50 1 .28 1.48

T able 1 7 . Seed w t. (g m"2) 0&  fab a  L .) H untley  (F ig . 30)

N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

O 236.1 180.0 1 6 3 4 120.6 56.8 46.1

N 229.9 186.7 156.6 126.6 86.8 37.4
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Table 18. Leaf area (cm2 pit-1) (V, faba L.) Greenhouse (Fig. 31)

H arv est N itrogen S a l in i ty  T reatm ent

I 2 3 4 5 6

0 63.4 62.5 50.3 37.4 40.4 21.6

N 68.1 60.5 52,2 42.6 31.7 20.2

0 100.1 81.0 67.1 62.8 51.5 33 .8

N 110.0 95.8 66.5 59.7 49.3 33,3

0 123.0 115.5 97.8 78 .8 61 .4 45.0

N 117.5 101.8 93.6 79.6 . 67 .2 44.4

0 164.4 145.2 133.2 113.0 98.4 66 .4

N' 197.8 139.8 144.3 108.3 83.2 60.2

0 149.6 135.3 112.3 92.2 92.4 51.3

N 171.2 156.9 113.1 106.8 82.6 42.7
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Table 19. Plant Height (cm) QZn. £ah& L.) Greenhouse (Pig.

H arvest N itrogen S a l in i ty  T reatm ent

I 2 3 4 5

O 18.2 19.3 17.9 16 .1 14.6

N 19.1 18.6 16.6 16.0 14.2

0 26.0 26.5 24.8 24.8 19.8

N 27.8 27.7 25.2 22.2 20.3

O 37.5 37.4 36.8 34.2 32 .9

N 37.8 39.6 35.3 34.6 33.9

O 47.5 48.1 47.6 45.6 41.3

N . 51.1 46.4 47.6 39.4 42.4

O 52.9 52.5 48.5 47.1 44.2

N 53.3 50.8 50.6 46.4 45.4

32)

6

11.6

12.3

19.2

19.3

29.1

29.1

37.8

38.2

40.1

41.3
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T a b le  20. T o ta l  d ry  w t. (g p i t ” 1) (V. f a b a  L J  G reen h o u se  (F ig . 33)

H arvest N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O .358 ,354 .288 .250 .285 .186

N .354 .359 .315 .286 .226 .159

O .588 .523 .403 .463 .416 .295

N .640 .606 .439 .418 .393 .295

O .919 .753 .709 .555 .499 .333

N .859 .878 .710 .641 .541 .341

O 1.217 1.126 .898 .825 .686 .504

N 1.245 1.064 1.054 .865 .589 .451,

O 1.745 1.559 1.175 1.075 .951 .658

N 1.846 1.682 1.450 1.169 .833 .628
5

628
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Table 21. Shoot dry wt.(g pit"1) (V. faba L.) Greenhouse (Fig. 34)

H a rv e s t. N itrogen  S a l in i ty  T reatm ent

I 2 3 . 4 5 6

O .231 .234 .203 .170 .189 .126

N .254 .253 .223 .198 .154 .110

O .384 .349 .281 ,315 .286 .198

N .421 .415 .306 .285 .260 .191

O .663 .563 .538 .438 .400 .263

N .700 .688 .563 .500 .438 .275

O .951 .889 .729 .673 .565 .425

N 1.012 .876

Ot&

.670 .486 .386

O 1.412 1.287 .988 .950 .813 .563

N 1.537 1.412 1.212 1 .0 0 0 .763 .538
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Table 22. Root dry wt. (g pit-1) (3L_faha L.) Greenhouse (Fig. 35)

H arvest N itrogen  S a l in i ty  T re a tn e n ts

I 2 3 4 5 6

O .126 .120 .085 .080 .096 .060

N .100 .106 .093 .089 .073 .049

O .204 .174 .121 .148 .130 .098

N .219 .191 .133 .133 .133 .104

O .256 .190 .1 7 1 .1 1 8 .0 9 9 .070

N .159 .190 .148 .141 .104 .067

0 .266 .238 .169 .153 .121 ,079

N .233 .188 .185 >195 .103 .065

O .333 .271 .188 .125 .139 .095

N .309 .270 .238 .169 .070

SO
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T a b le  23 . A c e ty le n e  r e d u c t io n  a c t i v i t y  (uM p i t ” 1 h - 1 ) CSL. fa b a  L9) 
Greenhouse (Fig. 36) W ithout n itro g e n  o n ly

H arvest S a l in i ty  T reatm ent

I 2 3 4 5 6

I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

2 1 .7 1 .3 0 .5 0 .4 0 .3 0 .1

3 1 .9 1 .0 1 .1 0 .7 0 .3 0 .1

4 1 .3 1 .2 0 .7 0 .7 0 .6 0 .1

5 1 .6 2 .5 1 .6 0 .5 0 .5 0 .1



153

Table 24. Shoot nitrogen (%) Qk-iLaiba L.) Greenhouse (Fig. 37)

H arvest N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

0 5.64 5.41 6.20 6.50 6.21 6.61

N 6.48 6.47 6.79 6.63 6,51 7.12

0 4.47 4.75 S i  28 4.93 5.41 6.40

N 5.54 5.44 5.87 5.73 6.20 6.40

O 3.48 3.80 3.86 4.11 4.16 5.46

N 4.53 4.43 4.41 4.97 4.80 5.67

0 3.42 3.44 3.29 3.37 3.68 4.10

N 3.90 4.09 4.22 4.18 4.07 4.59

O 2.90 2.84 2.87 2.90 2.73 3.62

N 3.48 3.56 3.76 3.83 3.76 3.82
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Table 25. Root nitrogen (%) (V. faba L.) Greenhouse (Fig. 38)

H arvest N itrogen  

0

I

3 .64

S a l in i ty  T reatm ent 

2 3 4

3 .83  3 .47 3,99

5

4 .15

6

4 .65
I

N 4.69 3.90 3 .58 4.10 3 .82 3,82

0 3 .31 3.42 3.92 3 .73 3 .79 5.48
2

N 4.30 3.94 4.45 4.26 4.78 4.92

( 0 2.94 3 .31 3 .30 3.61 3 .70 5.04
3

N 4,16 4.03 4.11 3.51 4.31 5 .22

0 2.93 2.79 3.03 3.16 3.50 3.80
4

N 3.49 3.53 3.62 3.57 4.33 4.45

0 2.49 2.63 2.44 2 .76 2.77 3.27
5

N 3.26 3 .05 3.38 3.31 3.84 4.01

i
I



155

Table 26. Total nitrogen (g pit-1) (V. faba L.) Greenhouse (Fig. 39)

H arv est N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

0 .018 .017 .016 .014 .016 .011

N .021 .020 ,018 .017 .013 .010

0 .024 .022 .020 .021 .020 .019

N .032 .030 .023 .022 .022 .018

0 .030 .028 .026 .022 .021 .018

N .037 .037 .031 .029 .026 .019

0 .040 .037 .029 .027 .025 .020

N .047 .042 .043 .035 .025 .020

0 .049 .044 .033 .031 .027 .023

N .061 .059 .053 .044 .035 .024
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Table 27. Shoot nitrogen (g pit~l) faba L.) Greenhouse (Fig. 40)

H arvest N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

O .013 .013 .013 .011 .012 .008

N .016 .016 .015 .013 .010 .008

O .017 .016 .015 .015 .015 .013

N .023 .023 .018 .016 .016 .012

O .023 .021 .021 .018 .017 .014

N .031 .030 .025 .024 .021 .016

O .032 .030 .024 i 023 .021 .017

N .039 .035 .036 .028 .019 .017

O .041 .036 .029 .028 .022 .020

N .053 .050 .045 .038 .029 .020
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Table 28. Total dry wt. (g plt“l) .) Huntley (Fig. 42)

H arvest N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

0 1 .19 1.36 1 .18 0.86 1 .09 0.62

N 1.24 1.49 1 .32 0.95 1 .20 0.74

0 4.85 4.71 3.44 3.85 3.45 2.71

N 5.25 5 .79 4 .99 5.53 4 .28 3 .29

0 9.67 13.04 11.13 17.22 21.04 9.82

N 12.85 11.25 16.01 15.33 16.80 10.88

0 8.44 9.04 13.82 17.99 10.97 7 .61

N 11.35 11.20 12.59 15.45 16.65 16.00
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Table 29. Shoot dry wt. (g plt”l)

H arvest N itrogen S a l in i ty  T reatm ent

I 2 3 4 5 6

0 .94 1 .10 .95 .65 .90 .44

N .98 1.23 1 .10 ,76 .99

COm

0 4.33 4.19 3 .08 3.44 3 .06 2 .39

N 4.70 5.21 4.45 4.95 3.85 2.94

0 5.43 5.51 6.90 12.27 13.39 8.35

N 7 .10 6.31 9.48 12.91 12.79 9.91

0 5.41 4.71 5.71 7.79 7 .58 5.11

N 8.21 6.80 8.21 9.96 12.42 13.16
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Table 30. Root dry wt. (g pit-1)

H arvest N itro g a i

j . )  Huntley (Fig. 44)

S a l in i ty  T reatm ent

I 2 3 4 5 6

0 .26 .26 .23 .21 .19 .18

N .27 .25 .22 .19 .21 .16

0 .52 .53 .36 .42 .39 .32

N .55 .58 .54 .58 .43 .35

0 .87 .81 .75 1.15 .98 .84

N .95 .86 .88 1.00 1.22 .82

0 .80 .73 .86 .83 .79 .59

N .81 .85 .83 1.06 1 .08 1.04
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T a b le  31. L e a f  a r e a  (cm2 pifl)

H arvest N itrogen  S a l in i ty  Treatm ent

I 2 3 4 5 6

0 96 122 106 87 78 57

N 114 155 121 98 89 66

0 600 706 523 671 530 465

N 667 787 655 790 822 615

O 527 592 682 1341 1295 857

N 657 697 991 1360 1247 993

0 351 . 486 368 520 426 310

N 561 519 629 1381 963 1033



161

T able  32. A cety lene  re d u c tio n  a c t i v i t y  (uM p l f l  h-1 ) (Ecl v u lg a r is  
L.) H u n tle y  (F ig . 46)

H arvest N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

0 1 .8 1 .4 2 .6 0 .4 1 .8 0 .9

N 0 .8 1 .2 0 .4 1 .2 0 .3 0 .2

0 3 .0 3 .6 3 .4 1 .1 5 .3 2 .0

N 3 .0 5 .0 2 .9 1 .3 1 .0 0 .2

0 0 .3 0 .3 0 .5 0 , 0 .3 0 .3

N 0.3 0 .3 0 .3 0 .3 0 .3 0 .3

o 0 .7 0 .1 0 .3 0 .1 0 .2 0 .0

N 0.1 0 .4 0 .4 0 .0 0 .0 0 .0
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Table 33. Total nitrogen (g pit"i) .) Huntley (Pig. 47)

H arv est N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

0 .034 .035 .031 .025 .031 .021

N .037 .043 .043 .033 .044 .027

O .151 .145 .106 .122 .118 .085

N .158 .184 .161 .186 .133 .110

0 .298 .365 .327 .441 . ,580 .300

N .374 .294 .460 .426 .473 .318

0 .252 .273 .444 .581 .281 .191

N .298 .301 .345 .384 .349 .402



163

Table 34. Shoot nitrogen (g plfl)

H arvest N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

0 .030 .031 .028 .021 .028 .017

N .032 .038 .038 .028 .037 .022

0 .143 .137 .100 .115 .112 .079

N .1 4 9 .1 7 4 .151 .1 7 6 .1 2 5 .103

0 .153 .119 .181 ;285 ,312 .264

N .180 .143 .249 .366 .367 ,302

0 .150 .127 .141 .182 .169 .114

N .195 .156 .202 .219 .231 .317



I
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Table 35. Shoot nitrogen

H arv est N itrogen

I

O 3.15

N 3 .30

O 3.33

N 3.18

O 2.90

N 2.60

O 2.83

N 2.45

S a l in i ty  T reatm ent

2 3 4 5

2.85 2.95 3.20 3 .30

3.00 3 .4 5 3.73 3.80

3.28 3.25 3.38 3 .65

3.35 3.40 3 .68 3 .35

2.23 2.58 2.33 2.33

2.35 2.53 2.88 2.70

2.70 2.48 2.40 2.23

2.40 2.40 2.15 1.85

. 49)

6

3 .98

3.83

3 .30

3.55

3.13

3.25

2.20

2.38
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T a b le  36. R oo t n i t r o g e n  (%)

H arvest N itrogen  ’ S a l in i ty  T reatm ent

I 2 3 4 5 6

0 1.70 1.63 1.45 2.33 1 .95 1.90

N 2.13 2.10 2.43 2.55 2.93 3.18

0 1.63 1.48 1 .58 1 .78 1 .65  . 1 .90

N 1 .7 8 1 .7 8 1 .9 0 1 .7 8  1 .9 5 2 .2 3

O 1.40 1.33 1 .28 1.00 1 .05 1.03

N 1 .3 8 1 .3 0 1 .1 3 1 .2 5  1 .0 5 1 .3 0

0 1 .8 5 1 .8 0 1 .5 5 1 .0 3  1 .4 0 1 .3 3

N 1.80 1.95 1.88 1 .35 1.40 1.43



Table 37. Seed dry wt. CgnT2) (P„ vulgaris L.) Huntley (Fig. 51)

N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O 40.8 71 .9 69.9 68.6 61 .8 15.1

N 71.9 71.1 118.9 52.4 49.9 36.6

T a b le  38 . S eed  n i t r o g e n  (%)

N itro g en  S a l in i ty  Treatm ent

I 2 3 4 5 6

3.83 3.50 4.07 4.00 3.95 3.71

4.00 3.50 3.63 3.35 3 .33 3.73

T a b le  39. T o ta l  d ry  w t. (g p l t ^ * 1) fP. v u l g a r i s  L.) g re e n h o u se  (F ig . 
53)

N itro g en  S a l in i ty  T reatm ent

I  2 3 4 5 6 

O 1 .11  1 .16  .99 .71 .43 .43 

N 1 .39  1 .31  1 .18  1 .02  .69 .52
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T a b le  40 . S h o o t d ry  w t. (g p l f i )  CL. v u l g a r i s  L.) G reen h o u se  (P ig . 
54)

N itrogen S a l in i ty  Treatm ent

■■ I 2 3 4 5 6

O .71 .75 .64 .46 .29 .27

N .9 2 .8 7  .7 8  .6 7 .46 .32

T a b le  41. 
55)

R oo t d ry  w t. (g p it"*1) (El v u l g a r i s  L.) G reen h o u se  (Fig,

N itrogen S a l in i ty  T reatm ent

I 2 3 4 5 6

O .40 .41 .35 .25 .14 .16

N .47 .44 .40 .35 .23 ,19

T ab le  42. Leaf a re a  (cm2 p i t" -1) (P* v u la a r is  L=) Greenhouse (Fig.56)

N itrogen  S a l in i ty  T reatm ent

O
I

168

2 3 4 5

154 140 105 78

17i 178 162 104

6

62

N 206 75
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T a b le  43 . A c e ty le n e  r e d u c t io n  a c t i v i t y  (uM p i t - 1 h - l )  
L.) G reen h o u se  (P ig . 57)

S a l in i ty  T reatm ent 

1 2 3 4 5 6

6 .08  1 .35  0 .44 0 .2 1  0.13 0 .00

T a b le  44. S h o o t n i t r o g e n  (g p i t - 1 ) (£._ v u l g a r i s  L.) G reen h o u se  (P ig .
58)

N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O .018 .020 .018 .016 .014 .010

N .037 .031 .028 ,026 .019 .013

T a b le  45 . T o ta l  n i t r o g e n  (g p i t - 1 ) (P. v u l g a r i s  L.) G reen h o u se  (F ig .
59)

N itrogen  S a l in i ty  T reatm ent

I 2 3 4 5 6

O .024 .027 .024 .020 .015 .014

N .050 .042 .038 .035 .025 .019
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T a b le  46. S h o o t n i t r o g e n  (%)

N itrogen  S a l in i ty  T reatm ents

I 2 3 4 5 6

O 1.69 1 .99 2.85 3.46 3 .95 3.51

N 3 .15 2 .68 3 .19 3.85 4.13 2.91

T a b le  47. R oo t n i t r o g e n  (%)

N itro g en  S a l in i ty  Treatm ent

I 2 3 4 5 6

1 .40 1.53 1 .61 1.99 2 .29 2.36

2 .65 2.49 2.55 2.58 2 .79 2.90
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