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I n t r o d u c t i o n  

Research i n  I s r a e l  has advanced w e l l  d u r i n g  t h i s  f i r s t  y e a r  o f  t h e  
p r o j e c t .  The P h i l i p  i n o  team, new t o  t h e  prob lem and t o  t h e  l o g i s t i c s  o f  
t h i s  t y p e  o f  work, l a v e  made g r e a t  progress towards t h e  es tab l i shment  o f  
f i e l d  exper iments w i t h  peanut p l a n t s ,  i n  s p i t e  o f  t h e  f a c t  t h a t  f u n d i n g  
became a v a i l a b l e  o n l y  i n  May 1987. D r .  En r ique  P. Pacardo, U n i v e r s i t y  o f  
t h e  P h i l i p p i n e s  a t  Los Banos, spent about two months work ing  w i t h  I s r a e l i  
researchers  (Dr. Herman L i p s  and D r .  J i f t a h  Ben Asher a t  Sede Boqer. 1 D u r i n g  t h i s  pe r iod ,  a  d e t a i l e d  exper imen ta l  p l a n  f o r  h e  f i r s t  y e a r  was 
worked ou t ,  and a  c o q l e t e  d r i p  i r r i g a t i o n  system w i l l  be purchased f r o m  
t h e  P h i l i p p i n o  agents o f  Ne ta f  i m  ( I s r a e l  ). 

D r .  Ben Asher w i  11 t r a v e l  t o  t h e  Phi 1  i p p i  nes towards t h e  end o f  1987 
t o  e s t a b l i s h  an exper imen ta l  f i e l d  i n  coopera t ion  w i t h  D r .  Pacardo and h i s  
coworkers a t  a  s e l e c t e d  s i t e .  M r .  Jose Reano, a  Ph.D. s tuden t  o f  UPLB, 
w i l l  j o i n  t h e  P l a n t  A d a p t a t i o n  Research U n i t  i n  Sede Boqer f o r  an i n i t i a l  
p e r i o d  o f  10 months. 

D r .  Eduardo 0. L e i d i ,  f r o m  t h e  U n i v e r s i t y  o f  Cordoba (Spain) ,  has 
j o i n e d  o u r  u n i t  a t  Sede Boqer as a  p o s t d o c t o r a l  f e l l o w  su p o r t e d  by t h i s  1 g r a n t .  M r .  Da le  Magnuson, a  Ph.D. s t u d e n t  f r o m  Mich igan  S  a t e  U n i v e r s i t y ,  
i s  w o r k i n g  on f i e l d  exper iments f o r  t h i s  p r o j e c t  under t h e  d i r e c t i o n  o f  D r .  
J. Ben Asher and i s  p a r t i a l l y  sup o r t e d  by t h i s  g M r .  Rober t  E. 
Sternberg,  a  Ph.D. s tudent  f r o m  t e  U n i v e r s i t y  o ? r F F k o r i a ,  has j o i n e d  t h e  
group f o r  June-August 1987. He i s  p a r t i c i p a t i n g  i n  f i e l d  exper iments  on 
co rn  t o g e t h e r  w i t h  M r  Magnuson. Mrs. A q a r o  S e r r a  f rom Valenc ia ,  has been 
h e l p i n g  w i t h  reenhouse exper iments and i s  suppor ted by t h i s  CDR 9 I Z gran t .  Ms. E  ana Salomon ( h a l f  - t ime and Ms. Anat a g i n  ( f u l l  - t ime)  a r e  
w o r k i n g  on a n a l y s i s  o f  p l a n t  m a t e r i a  . They a re  both  suppor ted  b  o t h e r  X f i n a n c i a l  sources f r o m  t h e  B l a u s t e i n  I n s t i t u t e  f o r  Deser t  Researc . 

We would  l i k e  t o  express our  a p p r e c i a t i o n  t o  t h e  Exper imen ta l  
A g r i c u l t u r a l  S t a t i o n  o f  Ramat Negev f o r  t h e i r  g r e a t  h e l p  i n  s e t t i n g  up and 
r u n n i n g  f i e l d  exper iments w i t h  s a l i n e  water.  

We would  l i k e  t o  p o i n t  o u t  t h a t  work d u r i n g  t h e  p e r i o d  covered by 
t h i s  r e p o r t  was made p o s s i b l e  i n  I s r a e l  o n l y  due t o  t h e  advancement o f  
funds a u t h o r i z e d  by Ben Gur ion  U n i v e r s i t y  or t h e  Negev. Money f o r  t h e  
P h i l i p p i n e  r o u p  was n o t  a v a i l a b l e  u n t i l  May 1987, a  s i t u a t i o n  t h a t  caused 
a  d e l a y  i n  ? he exper imen ta l  work o f  t h i s  group. 

Most o f  t h e  r e s u l t s  ob ta ined  a r e  p r e s e n t l y  be ing  p repared  f o r  
p u b l i c a t i o n  i n  s c i e n t i f i c  j o u r n a l s  and a r e  presented i n  t h i s  r e p o r t  i n  t h e  
s t y l e  used f o r  s c i e n t i f i c  papers. 



RESEARCH I N  ISRAEL 

(1) PEANUTS 

( l a )  I n t e r a c t i o n s  between KNO3 and NaCl on t h e  growth o f  peanut p l a n t s  i n  
hydroponi  cs. 

S u m r y  

Peanut p l a n t s  Arach is  hypogaea L.) a r e  moderately s e n s i t i v e  t o  
s a l i n i t y .  The use o  6 KN03 as a  means o f  reduc ing  t h e  s a l t  hazard i n  peanut 
p l a n t s  was t e s t e d  b  spray-hydroponics (aeroponics w i t h  50 mM NaCl and + i 1,3,5,7, and 9 mM K  03 i n  t h e  n u t r i e n t  s o l u t i o n .  he a d d i t i o n  o f  KNO3 was 
assoc ia ted  w i t h  an i nc rease  i n  d r y  ma t t e r  i n  t h e  shoot, r o o t  leng th ,  
c h l o r o p h y l l  content ,  n i t r a t e  reductase a c t i v i t y ,  and t h e  r e d u c t i o n  o f  s a l t  
i n j u r y  syptorns i n  t h e  leaves, w i t h  an optimum a t  5-7 mM KNO3. Th i s  
recovery  was no t  assoc ia ted  w i t h  p r o l i n e  content  i n  t h e  shoots o r  r o o t s .  
Mean r o o t  diameter,  which was abnormal ly t h i c k  i n  1 mM KNO3, became t h i n n e r  
when t h e  KNO3 concen t ra t ion  increased, u n t i l  i t  reached a  normal va l ue  a t  
about 6 mM KNO3. Sodium and c h l o r i d e  concen t ra t ions  i n  t h e  shoots s h a r p l y  
decreased w i t h  an i nc rease  i n  t h e  KNO3 concen t ra t ion ,  b u t  no t  i n  t h e  r oo t s .  
The i n t e r a c t i o n s  o f  Na-K and C1-NO3 suggest t h a t  K+ and NO3- i n h i b i t e d  Na+ 
and C i '  t r a n s l o c a t i o n  f r o m  t h e  r o o t s  t o  t h e  shoots, so t h a t  t h e  
pho tosyn the t i c  system was no t  harmed. 

I n t o d u c t  i o n  

S a l t  hazards o f  nonhalo rown i n  n u t r i e n t  s o l u t i o n s  i s  o f t e n  
due t o  an excess o f  ions i n  t r a t h e r  t han  i t s  osmot ic  

o t e n t i a l  (Greenway and Munns e t  a l .  1983, Wyn Jones 1985). 
The d i s o r d e r  m igh t  occur e i t h e r  by s p e c i f i c  t o x i c i t y  o f  t h e  ions,  such as 
Na+ and Cl', o r  even by an excess o f  a  n u t r i e n t  such as K+ Wyn Jones 
1985). Th is  k i n d  o f  d i s o r d e r  may be balanced by a  r e l a t i v e  I y  h igh  
concen t ra t i on  o f  o t he r  ions,  l i k e  K+ and ~ a 2 '  aga ins t  Na+ (Kawasaki e t  a l .  
1983) and C1' a g a i n s t  NO3- and H2PO4- (Kafkaf  i e t  a l .  1982, Glass 1983). 

Cons ider ing t h a t  t h e  major ions  i n  s a l i n e  water,  which a re  a l s o  
hazardous t o  nonhalophytes are Na+ and C1-, t h e  e f f e c t  o f  s a l i n i t y  on crop 
p roduc t  i o n  m y  be decreased by i nc reas ing  t h e  K+  and NO3- concen t ra t  i o n  i n  
t h e  growth medium. Th is  approach was tested,  b u t  w i t h  con fus i ng  r e s u l t s  
( ). It i s  so  be l i eved  by t h e  authors,  t h a t  t h e  c o r r ~ l e x i t y  o f  s a l t  
t o l e r a n c e  i n  d i f f e r e n t  p l a n t s  on one hand and t h e  d i f f e r e n t  exper imenta l  
c o n d i t i o n s  ( i  .e. o t he r  ions  present ,  ae ra t ion ,  e tc . )  on t h e  o t h e r  hand, 
r e s u l t e d  i n  t hese  c o n f l i c t i n g  r e s u l t s .  

I n  t h e  p resen t  paper, an exper iment i s  desc r ibed  t h a t  s t u d i e d  t h e  
e f f e c t  o f  K+ and NO?- concen t ra t ion  i n  t h e  growth s o l u t i o n  on t h e  s a l t -  
s e n s i t i v i t y  o f  p l a n h  grown i n  s a l i n e ,  thouroughly  aerated, n u t r i e n t  
s o l u t i o n .  



M a t e r i a l s  and Methods 

Peanut p l a n t s  (Arach is  hypogaea L. var. Shu lami t )  were grown i n  an 
aeroponics  system ( n u t r i e n t  s o l u t i o n s  a r e  sprayed ove r  t h e  p l a n t s  r o o t s )  
f o r  66 days. The aeroponi  c  system was conposed o f  5  independent, 8 m  l o n g  
channels, which a l lowed t h e  t e s t i n g  o f  5  s o l u t i o n  t ypes  a t  a  t ime. A l l  t h e  
p l a n t s  were grown i n  50 mM NaCl i n  t h e  presence o f  1,3,5,7 and 9  mM KNO3. 
A l l  o t h e r  n u t r i e n t s  were supp l i ed  a t  t h e  same concen t ra t i on  l e v e l  t o  a l l  
t h e  t rea tments :  0.5 mM HzPO4-, 1 mM 2 mM caZC, 4  mg L - ~  Fe-EDDHA, 
and m i c r o n u t r i e n t s  accord ing  t o  Hoagland and Arnon (1950). The p l a n t s  were 

? erminated on mo i s t  paper towe ls  f o r  7  days. The t ap - roo t s  were t h e n  
rimmed l e a v i n g  6 cm and t h e  seed l ings  were t r a n s f e r r e d  t o  t h e  aeroponic  

system. Sodium c h l o r i d e  was added t o  t h e  n u t r i e n t  s o l u t i o n s  i n  two  doeses 
t o  a v o i d  extreme s t r ess ,  two days a f t e r  t r a n s p l a n t a t i o n .  The n u t r i e n t  
s o l u t i o n s  were sarrpled t w i c e  a  week and analyzed f o r  K+ and NO3- and t h e  
d e p l e t i o n  o f  these i ons  was corrpensated f o r  by t h e  a d d i t i o n  o f  n u t r i e n t s .  
The n u t r i e n t  s o l u t i o n s  were cor rp le te ly  changed every  two weeks. 

P lan t s  were sarrpled d u r i n  t h e  growth per iod ,  two p l a n t s  a t  a  t i m e  
f r o m  each treatment,  and t h e  f o  9 l ow ing  deteminat ions were made . i n  t h e  r o o t s  
and shoots:  d ry  mat ter ,  con ten t  o f  minera ls ,  p r o l i n e ,  c h l o r o p h y l l  and 
n i t r a t e  reductase a c t i v i t y .  Root l eng th  was 
method (Tennant 1975), and mean r o o t  d iameter  
r o o t s  t o  be smooth cy l i nde rs .  P r o l i n e  
determined d u r i n g  t h e  rowth  p e r i o d  by t h e  

e 9 a l .  1973). Ch lo ro  h y l  was ex t r ac ted  
d i s c s  p e r  t reatmen ) i n  100% methanol. 
by spectroscopy accord ing  t o  Arnon (1949). N i t r a t e  reduc tase  a c t i v i t y  was 
determined by t h e  i n  s i t u  method (Ben-Zioni and Heimer 1977). A t  t h e  end 
o f  t h e  66 day g r o w m  m o d ,  f i v e  p l a n t s  were sanp l e d  f r o m  each channel and 
analyzed as descr ibed above. 

Resu 1  t s  

Dry ma t t e r  p roduc t i on  i n  t h e  shoots grown i n  50 mM NaCl was l a r g e l y  
s t i m u l a t e d  by i n c r e a s i n g  t h e  KNO3 concen t ra t ion  (Tab le  1).  Growth o f  a  
p l a n t  under t h e  absence o f  NaCl bu t  r e c e i v i n g  1 mM K+ and 3  mM NO3- ( f r om  a  
p rev i ous  exper iment under i d e n t i c a l  c o n d i t i o n s )  i s  i n d i c a t e d  i n  t h e  same 
f i g u r e  as a  re ference.  I nc reas ing  t h e  KNO3 concen t ra t i on  up  t o  7  mM 
r e s u l t e d  i n  a d d i t i o n a l  d r y  m a t t e r  p roduc t ion  (Tab le  1) .  S a l t  syrrptoms i n  
t h e  leaves ( c h l o r o t i c  and n e c r o t i c  l e a f  bo rders ) ,  which were e v i d e n t  a t  low 
KNO3 concen t ra t  ions, corrp l e t e l y  disappeared a t  h i g h e r  concen t ra t  i o n  o f  
those  n u t r i e n t s .  



Table 1: Dry ma t te r  p roduc t i on  a l l o c a t e d  t o  t h e  shoots and r o o t s  o f  
peanut p lan ts '  grown f o r  66 days i n  50 rnM NaCl and 

Hoagland n u t r i e n t  s o l u t i o n s  w i t h  d i f f e r e n t  l e v e l s  o f  KN03. 

~ ~ 0 3  Shoot Root T o t a l  Shoot / r o o t  
mM <--- g/plant---> 

........................................................................... ........................................................................... 

Table 2 :  Minera l  concen t ra t i on  i n  peanut p l a n t  p a r t s  (mmoles/Kg dw). 

Shoot 

9 
LSD 0.05 

Root 

7 
9 

LSD 0.05 



........................................................................... ........................................................................... 

Table 3: M inera l  con ten t  o f  peanut p l a n t  par ts .  

Shoot 

Root 

Tot a 1 

The r e s u l t s  presented i n  Table 1 are f o r  5 p l a n t s  which 
were sampled a f t e r  66 days o f  growth. Dry h t  (Table 1) and m ine ra l  
con ten t  i n  shoots and r o o t s  were measured e 2). D r  m a t t e r  i n  t h e  
shoots increased w i t h  t h e  a d d i t i o n  o f  t h e  concentra ! ion,  showing an 
optimum a t  7 mM. D i f f e rences  i n  d ry  ma t te r  o f  t h e  r o o t s  were no t  
s i g n i f i c a n t .  The n i t r o g e n  content  increased w i t h  KNO3 both i n  t h e  shoots 
and r o o t s  (Table 3). The decrease which was observed i n  t h e  C1- 
c o n c e n t r a t ~ o n  was moderate i n  roots ,  b u t  very pronounced i n  t h e  shoots. 
The ma'or s a l t  hazard t o  t h e  p l a n t s  was c o r r e l a t e d  w i t h  t h e  Na+ 
concen r a t i o n  i n  t h e  shoots, which decreased w i t h  h i g h e r  concen t ra t ions  o f  
KNO3. 

$ 

The a l l e v i a t i o n  o f  s a l t  e f f e c t  by i nc reas ing  t h e  KNO3 concen t ra t i on  
was a l s o  ev iden t  i n  t h e  development o f  r oo t s  as est imated by r o o t  leng th  
(Fig. 2). 



Figure  1: Root l eng th  of peanut p l a n t s  as a f fec ted  by t h e  concen t ra t i on  
of KNO3 and 50 mM NaC1. 

Mean r o o t  diameter,  which was abnormally t h i c k  i n  50 mM NaCl and 1 mM 
KNO3, decreased w i t h  an i nc rease  i n  t h e  KNO3 concentrat ion,  reach ing  a  
d iameter  t y p i c a l  o f  r o o t s  grown w i t h o u t  s a l t  a t  about 6 mM KNO3, b u t  
increased again a t  h i  h e r  concentrat ions (Fig. 2) .  The ou t look  o f  r o o t s  
a f f e c t e d  by 50 mM NaC was reversed f o r  normal r o o t s  by t h e  a d d i t i o n  o f  
K N O ~ .  

9 
Peanut p l a n t s  have t h e  capac i ty  t o  adapt osmo t i ca l l y  t o  50 mM NaCl 

and, consequently, t h e  lack  of osmotic adap ta t ion  i s  no t  t h e  reason f o r  
lower  d ry  mat te r  p roduc t  i o n  and growth. The presence o f  Na+ and C1- 
i n t e r f e r e ,  however, w i t h  t h e  uptake o f  n u t r i t i o n a l  ions  such as K +  and 
n i t r a t e .  One can overcome t h i s  i n t e r f e r e n c e  by i nc reas ing  t h e  
concent ra t ion  o f  K+ and NO3" i n  t h e  n u t r i e n t  medium. The e f f e c t s  o f  added 
KNO3 are  ev iden t  i n  t h e  content  of .K+ and Na+ (Fig. 3), C1- and t o t a l  
n i t r o g e n  (Fig. 4 ) ,  as w e l l  as t h e  c o r r e l a t i o n  between t h e  KINa r a t i o  i n  t h e  
shoot w i t h  dry  mat te r  p roduc t i on  (Fig. 5). 



50 mM NaCI : - 
Y=O .645-0.0622~+0.00531 x2 

- 

- 

0 - 0 NaCl 

F igu re  2: Mean r o o t  d iameter  o f  peanut p l a n t s  rown i n  50 mM NaCl as 
a f f e c t e d  by i n c r e a s i n g  t h e  concentra ? i on  o f  KN03 . 

F igu re  3: Content o f  K+ and ~ a +  i n  shoots and r o o t s  o f  peanut p l a n t s .  
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F i g u r e  4:  Content of n i t r o g e n  (N) and C1' - in shoots  and r o o t s  o f  peanut  
p l a n t s .  

F i g u r e  5: Changes i n  d r y  mat te r ,  K/Na and NIC1' r a t i o s  i n  shoots  o f  
peanut  p l a n t s .  

The c h l o r o p h y l l  c o n t e n t  increased w i t h  KNO3, up t o  5 mM (F ig .  6) .  
N i t r a t e  reductase, t h e  key enzyme i n  t h e  a s s i m i l a t i o n  o f  t h e  i n o r g a n i c  
n i t r a t e  i n t o  o r g a n i c  n i t r o  en, f o l l o w e d  a s i m i l a r  p a t t e r n  by i n c r e a s i n g  t h e  
KNQ c o n c e n t r a t ~ o n  ( F i  . 6q i n  t h e  same p a t t e r n  as c h l o r o p h y l l  and d r y  9 m a t t e r  i n  t h e  shoots  ( a b l e  1). 

The p r o l i n e  con ten t  i nc reased  d u r i n  t h e  growth o f  peanut  seed l ings ,  

I 9 e i t h e r  i n  t h e  r o o t s  o r  shoots  F ig .  7 ) .  A t e r  t h i s  stage, a  r a p i d  d e c l i n e  
i n  p r o l i n e  con ten t  occurred.  t appears t h a t  t h e  r a t e  of d e c l i n e  i n  t h e  



r o l i n e  content  between t h e  8 th  and t h e  14 th  day was s i m i l a r  i n  1 and 9 mM R N O ~  L a t e r  rowth s t a  es, however were cha rac te r i zed  by low p r o l i n e  
l e v e l s  (Fig. 7). The pa  ? t e r n  o f  p r o l i n e  accumulation, which e n e r a l l y  takes 9 p lace  i n  response t o  s a l i n i t y  o r  osmot ic shocks, i s  p r a c t i c a  l y  i d e n t i c a l  
i n  a l l  t h e  t reatments  exposed t o  50 mM NaCl and a l l  concen t ra t i ons  o f  KNO3 
tes ted .  

F i gu re  6: Changes i n  c h l o r o p h y l l  con ten t  o f  leaves 
a c t i v i t y .  

t 00, I 

and n i t r a t e  reduc tase  

TIME, days 

F igu re  7: P r o l i n e  concen t ra t i on  i n  peanut seed l ings  grown on 50 mM NaCl 
i n  t h e  presence o f  1 and 9 mM KNO3 . 



Discussion 

The experiments were conducted without a NaC1-free treatment, which 
might inv i te  cri t icism. On the  other hand, only f ive  treatments could be 
tes ted a t  a time, and dedicating one aeroponic channel t o  NaC1-free 
treatment should cause the  loss of valuable informat ion. Some reference, 
however, i s  given b corrparing t he  dry matter y ie ld  and root length and 
diameter of t h i s  p 1 ant (Figs. 1 and 2) w i t h  a previous t e s t ,  grown without 
s a l t  under simi l a r  conditions. 

Potassium n i t r a t e  reduced the  concentrations of ~ a +  and C1- i n  t he  
plant ,  b u t  not t h e i r  t o t a l  amounts in t h e  lants  (Tables 2 and 3 I f  
plant i o n  absorption was not sup ressed, t ese ions should have been 1 E 
absorbed in increasing amounts w i l e  t he  plant produced more dry matter. In 
f a c t ,  both Na+ and C1- percentage i n  t he  plant dry matter decreased with 
increased KN03 concentration (Table 1) while t h e i r  t o t a l  amount i n  t h e  
plant d i d  not (Figs. 4 and 5). These findings indicate t h a t  the  decrease 
of Na+ and C1- percentage was not jus t  because of the  d i  lution of these 
ions i n  a large amount of plant material,  b u t  K +  and N03- actually reduced 
t he  absorption of Na+ and C1' by the plant. The major drop i n  t he  content 
of Na+ and C1- w i t h  -increasing KN03 concentration was mainly in the  shoot, 
and only t o  a smaller degree i n  t he  root, which indicates that  t he  plant 
eliminated Na+ and C1- hazards by suppressing t h e i r  transport  from t h e  root 
t o  t he  shoot. 

The accumulation of proline in peanut seedlings during t h e  f i r s t  week 
of ermination cannot be accounted fo r  by proline formed in t he  storage 
pro ? ein (arachin) of the  seed. Such an event must be supported by the 
act ivat ion of genes and enzymes involved i n  pro1 i ne b i  osynthes is. Under 
the  conditions of t h i s  experiment, 5hM NaCl and KN03 concentrations 
between 1 and 9 mM d i d  not have a s ubstantial  e f fec t  pn t h e  level pf 
proline and i t s  biosynthetic system, suggesting t ha t  osmotic adaptation of 
the seedlings was corrplete i n  a l l  treatments. 

Consequently, the  chan e in dry matter production was not t h e  resu l t  
of d i f fe ren t  degrees of osmo ? i c  adjustment t o  t h e  sa l ine  media, b u t  r a ther  
t h e  d i f fe ren t  ra tes  of nitrogen uptake f a c i l i t a t e d  by K+. 



( l b )  I r r i g a t i o n  o f  peanut p l a n t s  w i t h  b rack i sh  wate r  under f i e l d  
cond i t i ons .  

h  these expeiments were c a r r i e d  o u t  be fo re  t h e  beg inn ing  o f  
D ICDR,  we considered t h i s  i n f o rma t i on  u s e f u l  and r e l e v a n t  t o  
understanding o f  our  e n t i r e  work w i t h  peanut p l a n t s  i r r i g a t e d  

w i t h  b rack i sh  water.  

S u m  r y  

The concept t h a t  t h e  hazards o f  s a l i n i t y  t o  s e n s i t i v e  crops can be 
reduced b  adequate f e r t i l i z a t i o n  was s tud ied.  Peanuts p l a n t s  Arachis  
hypogeae Z ., var. Shu lami t )  were grown f o r  two years on sandy 6 unes w i t h  
1.0 t o  6.5 dS m-1  i r r i g a t i o n  water  and d i f f e r e n t  concen t ra t ions  o f  K+ and 
NO3- , which were a p p l i e d  by t h e  t r i c k l e - i r r i g a t i o n  system. The r e s u l t s  
show t h a t  d r y  ma t te r  p roduc t ion  i n  4.5 dS m - l  was about t h e  same as 1 dS m- 

when 11.6 mM KN03 were appl ied.  S i m i l a r  r e s u l t s  were obta ined w i t h  pod 
y i e l d  i n  1983, b u t  not i n  1984 when an i nc rease  i n  t h e  s a l i n i t y  o f  t h e  
water  f r om 1 t o  4.3 dS m-1 a b r u p t l y  reduced pod y i e l d .  As i n  t h e  
experiments descr ibed  i n  sec t i on  l a  o f  t h i s  r epo r t ,  t h e  major e f f e c t  of 
s a l i n i t y  on t h e  crop was due t o  KINa up take  r a t i o s  by t h e  p l an t s .  

h  these experiments were c a r r i e d  o u t  be fo re  t h e  beg inn in  o f  
D ICDR,  we considered t h i s  i n f o rma t i on  u s e f u l  and relevan! t o  
understanding o f  our e n t i r e  work w i t h  peanut i r r i g a t e d  w i t h  

b rack i sh  water. 

M a t e r i a l s  and Methods 

The i n t e r a c t i o n  between KNO3 f e r t i l i z e r  and t h e  s a l i n i t y  o f  t he  
i r r i g a t i o n  wa te r  was t e s t e d  i n  t h e  f i e l d  i n  t h e  Ramat Negev Exper imenta l  
S t a t i o n  ( I s r a e l ) .  C o h i n a t i o n s  o f  3  l e v e l s  o f  wa te r  s a l i n i t y  (1.0, 4.3 and 
6.4 dS m-l) and t h r e e  concentrat ions o f  KNO3 (3.9, 11.6 and 15.4 mM) were 
t e s t e d  i n  6  randomized blocks. Each exper imenta l  p l o t  cons is ted  o f  two s o i  1  
beds, 2x10 m each, w i t h  f o u r  rows o f  p l  n t s  i n  each bed, which were 
i r r i g a t e d  by two extens ions w i t h  2  1  heB d r i p  ers, speced 0.5 m a l on  t h e  
l i n e .  Peanut seeds were i nocu la ted  w i t h  r h i z o  g ium p r i o r  t o  sowin . ~ f e  

r 8 f i e l d  was p l a n t e d  on mid -Apr i l  and i r r i g a t e d  b  s p r i n k l i n g  f o r  1 days w i t h  
f r esh  water.  The d i f f e r e n t i a l  t reatments  were hen appl ied.  The f i e l d  was 
i r r i g a t e d  every 3  days i n  e q u a l  amounts t o  a l l  t reatments ,  accord in  t o  
Class A Evaporat ion pan r a t i o ,  as recommended by t h e  I s r a e l i  Agr i cu  t u r a l  
Extens i o n  Se rv i  ce. 

9 
P lan t s  were sanpled along 1 m o f  row on Aug. 30, and d r i e d  a t  60°C 

f o r  d ry  ma t te r  determinat ions.  The s o i  1  was excavated pe rpend i cu la r l y  t o  an 
em i t t e r ,  and und is tu rbed  s o i l  sanples were taken  i n  a  m a t r i x  o f  5x5, 0-35 
cm h o r i z o n t a l l y  and 0-40 cm v e r t i c a l 1  f r om t h e  emi t te r .  The r o o t s  were 
separated b  screening and t h e i r  leng  hs were measured. The s o i  1  sarrples r r 
were e x t r a c  ed w i t h  water .  i n  a  1:l so i l -wa te r  e x t r a c t ,  and analyzed f o r  EC 
o f  t h e  e x t r a c t .  A t  t h e  end o f  t h e  season, t h e  p l a n t s  w i t h  t h e  pods were 
p i cked  up manually, d r i e d  i n  t he  f i e l d ,  and weighed f o r  s t row and pod 
y i e l d .  



Resul ts  

Hey and pod i e l d s  o f  peanuts grown i n  t h e  f i e l d  w i t h  3 s a l i n i t y  K water  l e v e l s  and t r e e  KNO3 concentrat ions are presented i n  t a b l e  4. 
S a l i n i t y  s l i g h t l y  reduced t h e  hay y i e l d  and 11.6 mM KNO3 gave t h e  h i g h e s t  
y i e l d ,  a t  a l l  t h e  s a l i n i t y  l e v e l s  tested.  The e f f e c t  o f  KNO3 and s a l i n i t y  
on pod y i e l d  was conp le te l y  d i f f e r e n t :  s a l i n i t y  was most hazardous t o  pod 
y i e l d  as was h igh  concentrat ions o f  KNO3 i n  f r e s h  water. 

Table 4: Hay and pod y i e l d  Mg ha-1) o f  peanuts rown i n  t h e  f i e l d  and 

I I 
KNO3 concen ra t i ons .  

P i r r i g a t e d  b  t r i c k  i n g  w i t h  wate r  o f  d i  f e ren t  s a l i n i t i e s  and 

EC25 KN03 concentrat ion,  d4 

Wi th in  each y i e l d  conponent, d i f f e r e n t  l e t t e r s  represen t  s i g n i f i c a n c e  
groups (~ (0 .05)  accord ing  t o  t h e  Duncan's New M u l t i p l e  Range. 

F i g u r e  8 presents  t h e  d i s t r i b u t i o n  o f  t o t a l  s o l u b l e  s a l t s  i n  t h e  s o i l  
p r o f i l e ,  pe rpend i cu la r l y  t o  t h e  t r i c k l i n g  extens ion. The values i n  t h i s  
f i g u r e  were c a l c u l a t e d  f r o m  t h e  measured EC o f  t h e  s o i l  e x t r a c t s  and t h e  
measured s o i l  mo is tu re  content,  assumin t h a t  t h e  m a j o r i t y  o f  t h e  i ons  i n  9 t h e  e x t r a c t  a re  o r i g i n a t e d  f r om t h e  s o i  s o l u t i o n s .  



F igure  8: D i s t r i b u t i o n  o f  t o t a l  s o l u b l e  s a l t s  concen t ra t i on  i n  t h e  s o i l  
s o l u t i o n  (me L - l )  o f  sand dune i r r i g a t e d  by t r i c k l i n g  o f  
b r a c k i s h  wa te r  o f  6.4 dS m-l, and w i t h  15.4 mM KN03. 

Discuss ion 

S a l t s  were leached f r o m  t h e  v e c i n i t y  o f  t h e  em i t t e r ,  l e a v i n  about  20 
cm o f  leached s o i l ,  and were t hen  accumulated, maingl  a t  t h e  s o i  sur face.  4 9 
The r9w o f  p l a n t s  was l oca ted  15-20 cm f r om t h e  t r i c k  i n g  l i n e .  Th i s  
p r o f i l e  respresen t  a c t u a l l y  a  r a d i a l  s e c t i o n  o f  t h e  s o i  1  volume we t t ed  by a  
s i n g l e  e m i t t e r ,  so most o f  t h e  area under t h e  p l a n t s  was occupied by a  
r e l a t i v e l y  h i gh  concen t ra t i on  o f  s a l t  a t  t h e  upper s o i  1  l e v e l .  

Gyno hores i n  t h i s  exper iment d i ed  ( p r i o r  t o  pod p r o d u c t i o n )  when 
t ouch ing  t ! e  s a l i n e  s o i l  su r f ace  due t o  t h e i r  h i gh  s e n s i t i v i t y  t o  s a l i n i t y  

6 see l c  f o r  f u r t h e r  d e t a i  1s). Th i s  was presumably t h e  main reason f o r  t h e  
i f f e r e n c e  between hay and pod y i e l d  f o r  p l a n t s  i r r i g a t e d  w i t h  b r a c k i s h  

water  ( t a b l e  4). 

I r r i g a t i o n  b t r i c k l i n g  w i t h  b rack i sh  wa te r  may be b e n e f i c i a l  t o  many K crops b u t  n o t  i n  t e  case o f  peanut growing i n  sand, due t o  t h e  un ique  
c h a r a c t e r i s t i  cs o f  t h e  commercial y i e l d  p r o d u c t i o n  through gynophores. 



( l c )  E f f e c t  o f  s a l i n i t y  on t h e  development o f  peanut gynophores. 

I n t r o d u c t i o n  

The i e l d s  ob ta ined  f o r  peanut p l a n t s  i n  t h e  f i e l d  ( l b )  were ? ext remely  ow, even f o r  t h e  c o n t r o l  t reatments .  As we obta ined much b e t t e r  
responses t o  f e r t i  1  i z e r  when growing p e a n u t  p l a n t s  i n  hydroponics, i t  
seemed t h a t  t h e  reason f o r  t h e  poor y i e l d  was t h e  accumulat ions o f  s a l t  a t  
t h e  border  o f  t h e  wet ted  s o i l  o f  t h e  t r i c k l e  i r r i g a t i o n  emniter.  S a l t  
accumulated l a r g e 1  i n  t h e  area where t h e  gynophores descended f r o m  t h e  
shoot and touched ! he ground. Th is  would imp ly  t h a t  t h e  gynophore 
development was ext remely  s e n s i t i v e  t o  s a l i n i t y ,  much more so than  t h e  
vege ta t i ve  development o f  t h e  p l an t s .  An experiment t o  assess t h e  
s e n s i t i v i t y  o f  t he  gynophores seemed unavoidable.  

M a t e r i a l s  and Methods 

Peanuts p l a n t s  were grown i n  hydroponics as i n  ( l a ) ,  w i t h  7 mM KNO3. 
f l owe r i ng ,  po l ye thy lene  bags w i t h  sand were p laced 

channels i n  which t h e  peanut p l a n t s  were grown. 
a l lowed t o  reach t h e  s i d e  bags, which were 

va ry i ng  from O t o  800, 
s h o r t  d is tances f r o m  t h e  

t rea tments  o f  CaC12 and CaS04 were 
a l s o  t e s t e d  t o  s t u d  t h e  p o s s i b l e  e f f e c t  o f  Ca++ t o  a l l e v i a t e  s a l i n i t y  
i n h i b i t i o n  o f  gynop 8 ore  development. 

Resu l ts  and D iscuss ion  

No W; nophore su rv i ved  a t  s a l t  concen t ra t ions  above 400 mM NaC1. 
Resul ts ,  e re fo re ,  show gynophore development i n  t h e  presence o f  0  t o  400 
rnM NaCl (Table 5 . T o t a l  nurrber o f  gynophores d i r e c t e d  t o  t h e  sand bags 
ad jacent  t o  t h e  i he peanut p l a n t s  a re  ind ica ted .  Percentage o f  od produced 
b these gynophores, t h e  f r a c t i o n  gynophores which penet ra ted  t ! e sand bu t  
d d  n o t  f o rm  pods and t h e  f r a c t i o n  o f  nophores t h a t  d i d  no t  p e n e t r a t e  t h e  
sand o r  f o rm  pods are summarized i n  Tab y e 5. 

As a1 l ready  mentioned, a l l  gynophores d i e d  i n  t h e  presence o f  400 rrPll 
NaC1. Ca++ e i t h e r  as CaC12 o r  CaS04 d i d  n o t  reduce m o r t a l i t y  due t o  NaC1. 
These r e s u l t s  e x p l a i n  t h e  low pod y i e l d  ob ta ined  i n  t h e  f i e l d  ( sec t i on  l b ) .  

The accumulat ion o f  s a l t  i n  t h e  t r i c k l e  irr i a ted  a rea  was hazardous 
i n  t h e  case o f  eanut because o f  t h e  s e n s i t i v i t y  o! t he  gynophores t o  
s a l i n i t y .  T r i c k  ? e  i r r i g a t i o n ,  there fo re ,  should be avoided d u r i n g  t h e  
rep roduc t i ve  stage, when growing peanuts on sand. 



Table  5: The e f f e c t  o f  NaC1, CaC12 and CaS04 c o n c e n t r a t i o n s  on t h e  
growth and development o f  peanu t  gynophores i n  sand. 

TREATMENTS GYNOPHORES 

NaCl CaC12 CaS04 % % % 
mM rrM g l p l a n t  T o t a l  Pods Pods which Pods which 

number produced p e n e t r a t e d  d i d  n o t  
b u t  d i e d  p e n e t r a t e  



( I d )  I n t e r a c t  ions between KNO3 and NaCl on t h e  v e g e t a t i v e  and r e p r o d u c t i v e  
growth stages o f  peanut  p l a n t s  -in sand pots.  

I n t r o d u c t i o n  

Severa l  exper iments w i t h  peanut p l a n t s  (Arach is  hypogaea L, var. 
Shu lam i t )  grown on sand dunes and d r i p  irri a tea  w ~ t h  DraCKIStI wa te r  

B s e c t i o n  l b  i n  t h i s  r e p o r t  were c a r r i e d  ou ? by Dr. M. S i lbe rbush ,  Dr. J. 
en Asher and Dr. H. L i ps  I n  p rev i ous  years .  Reproduct ive growth (growth o f  

gynophores and subter raneous fo rmat  i o n  o f  pods was very s e n s i t i v e  t o  

# 1 s a l i n i t y .  Ve e t a t i v e  growth responded q u i t e  we 1  t o  enhanced f e r t i l i z a t i o n  
w i t h  KNO3. T  ese exper iments a l s o  p o i n t e d  o u t  t h a t  t h e  d r i p  i r r i g a t i o n  
method caused an accumulat ion o f  s a l t s  a t  t h e  border  o f  t h e  w e t t i n g  zone o f  
t he  e m i t t e r .  The s a l t s  thus accumulated i n h i b i t e d  development o f  t h e  
gynophores t h a t  descended f r o m  t h e  shoot over  t h e  s a l t  accumulat ion area. 

Th i s  exper iment  was des i  ned t o  s tudy t h e  e x t e n t  o f  s a l t  s e n s i t i v i t y  
o f  peanut gynophore developmen 7 and pod fo rmat ion .  We a l s o  separated e f f e c t  
o f  s a l t  (NaCl) on v e g e t a t i v e  and r e p r o d u c t i v e  s tages o f  development. 

M a t e r i a l s  and Methods 

The exper iment was c a r r i e d  o u t  i n  a  reenhouse a t  Sede Boqer. Peanut 

were R l a n t e d  and grown i n  p l a s t i c  gags w i t h  3  K  g rave l  ove r  which 
were aded 10 g  dune sand, p rev i ous l y  passed th rough  a  9 rrm s ieve.  The 
exper iment cons i s t ed  o f  6  random b locks .  Treatments t e s t e d  were: 

S a l i n i t y :  t a p  wa te r  or 50 mM NaCl 
N i t r ogen  concen t ra t i ons :  2  and 6  nM 
I n o r g a n i c  n i t r o g e n  forms: N O y ,  NH4+ and NH4N03. 

Armonium was added as (NH4)2S04, n i t r a t e  as Ca(N03)~ .  The exper iment  
began on June 24, 1986. Fresh n u t r i e n t  s o l u t i o n s  were added i n  excess o f  
f i e l d  capac i t y  eve second day t o  avo id  d e p l e t i o n  o f  n i t r o g e n  and 
accumulat ion o f  s a l  T"C s  i n  t h e  s o i  1. The onset o f  f l o w e r i n g  took  p l ace  on 
August 8, 1986, a t  which t ime  t h r e e  random b locks  were harves ted  t o  ana lyze  
t h e  e f f e c t  o f  t h e  t rea tments  on vege ta t i ve  growth. Leaves and stems were 
c o l l e c t e d  s e p a r a t e l y  and d r i e d  f o r  two days a t  600C. D r  mass o f  these 

f o r  e x t r a c t  i o n  and chemical  ana lys is .  
r p a r t s  was determined and p a r t  o f  t h e  hormgenized d r y  ma t e r  was used l a t e r  

The t h r e e  rema in ing  b l ocks  were used t o  determine t h e  e f f e c t  o f  t h e  
t rea tments  on r e p r o d u c t i v e  rowth. Side po t s  were a t t ached  t o  po t s  w i t h  
p l a n t  po t s  w i t h o u t  t reatmen 9 s  o f  NaC1. Gynophores were d i r e c t e d  t o  t h e  
s i d e  po ts ,  which r ece i ved  s o l u t i o n s  w i t h  d i f f e r e n t  concen t ra t ions  o f  NaCl 
54 r e p l i c a t e s  f o r  each t reatment  , every second day. NaCl concen t ra t i ons  b i n  t h e  s i d e  p o t s  were: 0, 50, 10 , 150 and 200 A. 

The l a s t  t h r e e  b l ocks  were harvested on October 10, 1986. Gynophores 
on t h e  d i f f e r e n t  s i d e  po t s  were c l a s s i f i e d  as " v i t a l "  o r  "dead". The t o t a l  
number o f  gynophores produced by t h e  p l a n t s  and t he  number o f  pods produced 
were determined. A l l  t h e  p l a n t  p a r t s  were oven d r i e d  a t  600C f o r  2  days t o  
determi  ne d r y  mass p roduc t  ion. 



Resul ts  

Ana lys is  o f  t h e  d i f f e r e n t  congonents o f  t h e  y i e l d  showed no 
s i g i n i f  i c a n t  d i f f e r e n c e  between t h e  l eve l s  o f  n i t r o g e n  used ( 2  and 6  mM). 
Dry mat te r  p roduc t ion  and i t s  a l l o c a t i o n  t o  d i f f e r e n t  shoot p a r t s  Table 6) 
was l a r g e s t  when supp l y i nq  n i t r o g e n  as NH4N03, a l though under f i e 1  6 
cond i t i ons  t h e  use o f  NHq gave a  s i m i l a r  r e s u l t .  The s i m i l a r i t y  o f  t h e  

peanut ! l a n t s  response t o  these  two forms o f  i no rgan i c  n i t r o g e n  i s  
presuma l y  due t o  t h e  f a c t  t h a t  n i t r i f i c a t i o n  o f  a m n i u m  takes p l a c e  i n  
t h e  f i e l d ,  and we a re  d e a l i n g  i n  both cases w i t h  NHqN03. 

Table 6: Dry mass (g)  o f  leaves and stems f o r  47 day o l d  peanut p lan ts .  
N i t rogen  concent ra t ion  ( 2  o r  6  mM) d i d  no t  s i g n i f i c a n t l y  a f f e c t  
t h e  r e s u l t s .  

< ----- Leaves ------> <------ Stems ------> < ------ Shoot ------> 
mM NaCl 0  50 % con t r .  0  50 % con t r .  0  50 % con t r .  

N-f orm 
NO3 3.04 3.12 102.6 1.47 1.12 76.2 4.51 4.24 94.0 
NH4N03 5.85- 5.16 88.2 2.40 1.68 70.0 8.25 6.84 82.9 
NH4 5.73 4.48 78.2 2.08 1.45 69.7 7.81 5.93 75.9 ........................................................................... ........................................................................... 

Concentrat ion o f  m ine ra l  elements i n  t he  leaves (Table 7) was 
i n t e r e s t i n g  i n  severa l  respec ts  : (a )  concentrat  ions o f  n i t rogen ,  
phosphorous, Ca++ and Mg++ a re  not  a f f e c t e d  s i g n i f i c a n t l y  by s a l i n i t y ;  and 
( b )  IVH4N03 e x h i b i t s  t h e  s m a l l e s t  concentrat ion o f  C1- i n  t h e  leaves, and 
was a l s o  t h e  bes t  growing t rea tment  under s a l i n e  cond i t ions .  

Table 7: M-ineral concen t ra t i on  i n  t h e  leaves (mmoles/kg dw). 

Treatments (mM) T o t a l  N  P K  C a  M g  N a  C 1  
NaC 1  N03- NH4+ <----------- ~ l lmo les  /Kg d r y  wei gh t ------------ > 



........................................................................... ........................................................................... 
Table 8: Minera l  con ten t  o f  leaves. 

Treatments (mM) T o t a l N  P K C a  M g  N  a  C 1  
NaC 1  N03" NH4+ < -------------- moles /p l a n t s  --------------- > 

It seems t h a t  t h e  capac i t y  o f  t h e  p l a n t s  t o  develop under d i f f e r e n t  
cond i t i ons  (high o r  low s a l t  i s  no t  r e f l e c t e d  i n  t h e  m inera l  concen t ra t i on  
o f  t h e  leaves o r  t h e  stems ( i ables 7 and 9). These r e s u l t s  suppor t  our  
p rev i ous  observat ions t h a t  p l a n t s  w i l l  t r y  t o  produce a d d i t i o n a l  leaves a t  
a  g i v e n  s tandard and, under s t r e s s  cond i t i ons  such as s a l i n i t y ,  w i l l  n o t  
conpromise produc ing leaves o f  a  lower standard.  Th is  conc lus ion  i s  
e s p e c i a l l y  t r u e  f o r  t h e  n i t r o g e n  concen t ra t ion  of leaves which seems no t  t o  
be a f f e c t e d  by t h e  l e v e l  o r  t y p e  o f  i no rgan i c  n i t r o g e n  o r  by s a l i n i t y .  

Uptake o f  n i t r o g e n  and i t s  even tua l  a s s i m i l a t i o n  i n t o  o rgan i c  
n i t r o  en conpounds may be, t he re fo re ,  a  major f a c t o r  de te rmin ing  growth o f  
t h e  p  9 ant.  
........................................................................... ........................................................................... 
Table 9: Minera l  c o n c e n t r a t i o n  i n s t e m s  (mmo les /Kgd rywe igh t ) .  

Treatments (IN) T o t a l  N P K C a  M g  N  a  C 1  
NaC 1  ~ 0 3 -  N H ~ +  < ------------ mmo l e s  /Kg d r y  we igh t  ------------ > 



Table 10: M inera l  con ten t  o f  stems (mmoles). 

Treatments (mM) To ta l  N P K C a M g Na C1 
NaCl N03- NH4+ mmoleslplant ---------------- > 

Leaf p roduc t i on  was opt imal  when u s i n g  NH4N03 o r  NH4. 
When u s i n g  NH4N03 t h e  o f  l e a f  growth induced by 50 mM NaCl was 
l e s s  than  12% (Table h t h e  i n h i b i t i o n  of pod r o d u c t i o n  was as 
h igh  as 55% (Table 11). d was no t  on ly  reduced, u t  t h e  r e s u l t i n g  
pods were o f  very poor 

g 

Table 11: Gynophore and pod p roduc t ion .  

Gynop-hores l p  l a n t  Pod g d w l p l a n t  Pods /po t  * 
mM NaC1 -> 0 50 % c o n t r o l  0 50 % c o n t r o l  0 5 0 

N-f orm 
 NO^" 45.8 84.5 184.5 16.9 15.7 92.9 20.0 30.0 
N H ~ +  63.8 113.0 177.1 31.6 15.0 47.5 34.5 32.5 
NHN03 95.0 135.0 142.1 46.5 18.7 40.2 45.5 42.0 
.................................................................. ........................................................................... 
* Pods which developed i n  t h e  growth po t s  only. 

One o f  t h e  s t r i k i n g  e f f e c t s  o f  s a l i n i t y  on peanut  p l a n t s  i s  t h e  
s t i m u l a t i o n  of gynophore format ion (Table 11 , which seems t o  be l a r g e s t  i n  1 p l a n t s  r e c e i v i n g  n i t r a t e ,  b u t  i s  s i g n i f i c a n t  y increased a l s o  i n  

observa t ion  which may be o f  g r e a t  i n t e r e s t  t o  
rants r e c e i v i n g  n i t r o g e n  as a m n i u m  n i t r a t e  o r  a m n i u m  su lphate.  Anot e r  

The percen t  of ynophores which were a1 lowed t o  form pods i n  t hese  
esperirnent was about 8 0% o f  t h e  t o t a l  number o f  yno  hores produced by t h e  
p l a n t s .  Us ing these  da ta  we at tempted t o  c a l c u l a  f! e t 1 e p o t e n t i a l  y i e l d ,  
would a l l  t he  gynophores produced a l lowed t o  f o rm  pods (Tab le  12). Th is  i s  
presumably an overes t imat ion  of what t h e  p l a n t  can produce under 
unpro tec ted  f i e l d  cond i t i ons ,  b u t  t h e  c a l c u l a t i o n  c o n s t i t u t e s  a u s e f u l  t o o l  
t o  p l a n  f u t u r e  exper iments i n  t h e  f i e l d .  



Table 12: Observed and p o t e n t i a l  y i e l d  o f  peanuts. 

Observed p a r t i a l  y i e l d s  P o t e n t i a l  y i e l d  
Kg dw/p lant  Kg dw/p lan t  

nt.lNaC1 -> 0  5 0  % c o n t r o l  0  5 0  % c o n t r o l  

N-f orm 
 NO^" 0.34 0.47 139.3 0.77 1.33 171.4 

Discuss ion 

Peanuts appear t o  be q u i t e  t o l e r a n t  t o  50 mM NaC1, i n d i c a t i n g  t h a t  
peanuts can be i r r i g a t e d  a t  t h i s  l e v e l  o f  s a l i n i t y  when s a l t  accumulat ion 
around t h e  p l a n t s  i s  avoided. The re ta rded  growth due t o  n i t r a t e  as 
compared t o  a m n i u m  o r  ammonium-nitrate deserves a  more thorough s tudy 
because i t  does n o t  agree w i t h  t h e  p o s s i t i v e  response t o  n i t r a t e  observed 
i n  hydroponics (sec t ion  l a ) ,  a l though i t  does agree w i t h  t h e  r e s t u l t s  
ob ta ined  i n  t h e  f i e l d  s t u d i e s  ( sec t i on  l b ,  t a b l e  4). 

The exp lana t ion  f o r  t h i s  d i s c r e  ancy may r e s i d e  on t h e  calcareous, 
low b u f f e r e d  sund, which was used b o t  1 i n  t h e  f i e l d  and t h e  p o t  
experiments. N i t r a t e  f e d  p l a n t s  increase t h e  pH around t h e i r  r o o t  up take  
areas due t o  an excess uptake o f  anions over cat ions,  t o  a  pH l e v e l  
de t r imen ta l  t o  l a n t  r w t h .  Th is  l e v e l  may cause problems o f  s o l u b i l i t y  
and lo r  a v a i l a b i  Tit! 07 some minera l  n u t r i e n t s  such as phosphate o r  calcium. 
An i n d i c a t i o n  f o r  h i s  e f f e c t  i s  t h e  r e l a t i v e l y  low percentage o f  P i n  t h e  
leaves o f  n i t r a t e  f e d  p l a n t s  ( t a b l e  7). 

A d d i t i o n a l  s t ud ies  o f  s a l t  s e n s i t i v i t y  a t  d i f f e r e n t  pH l e v e l s  a re  
p r e s e n t l y  be ing  c a r r i e d  o u t  i n  our  labora to ry .  



(2) WHEAT 

I n t r o d u c t i o n  

Wheat ( T r i t i c u m  aes t i vum L.) var.  was chosen f o r  t h i s  exper iments 
due t o  i t s  r e  l a t i v e  s e n s i t i v i t y  t o  s a l i n i t y ,  because we cons idered 
i n p o r t a n t  t o  expand ou r  s t u d i e s  t o  a  non-leguminous species o f  p l a n t s  and 
because wheat i s  o f  economical i npo r t ance  i n  many coun t r ies .  

Peanut p l a n t s  showed a  g r e a t e r  e f f e c t i v e n e s s  o f  a m n i u m  and a m n i u m  
n i t r a t e  t o  a l l e v i a t e  s a l i n i t y  damage. Th i s  f a c t  may have t o  do w i t h  a b i l i t y  
o f  t h i s  legume t o  grow on o rgan i c  n i t r o g e n  amino ac i ds  and amides) 

ass imi  l a t i o n  o f  atmospher ic n i t rogen .  
I d e l i v e r e d  by t h e  r o o t  t o  t h e  shoot o f  t h e  p  a n t  f o l l o w i n g  t h e  symb io t i c  

Study o f  t h e  e f f e c t  o f  va r i ous  forms o f  i n o r g a n i c  n i t r o  en t o  
a l l e v i a t e  s a l i n i t y  d a m  e, was t h e r e f o r e  persued w ~ t h  wheat p  an ts ,  which ? 9 
do n o t  f o r m  N2 a s s i m i l a  i n g  nodules and grow gene ra l l y  on n i t r a t e  i n  w e l l  
ae ra ted  s  o i  1  s  . 

The experiment d e s c r i  bed here s t u d i e d  t h e  i n t e r a c t  ions between 
n i t r o g e n  and s a l i n i t  on t h e  vege ta t i ve  and t h e  rep roduc t i ve  s t a  es o f  
wheat development. T  i; e  r e s u l t s  shown here a re  p a r t i a l  and most o  7 t h e  d a t a  
a r e  p r e s e n t l y  processed and w i l l  be presented i n  our  second r e p o r t .  

2a) E f f e c t  o f  n i t r a t e  o r  a m n i u m  n i t r o g e n  on a l i v i a t i o n  o f  s a l i n i t y  
6amage. 

I .  Vegeta t i ve  growth 

Ma te r i a  1s and methods 

Wheat seeds were germinated i n  o l ye thy l ene  ba s  as descr ibed  i n  
s e c t i o n  I d .  P l a n t s  were i r r i g a t e d  w i t  ! n u t r i e n t  s o l u  ! i ons  t w i c e  a  week 
d u r i n g  t h e  e a r l y  stages o f  growth (30 days) and every  two days t h e r e a f t e r .  

NaCl was added t o  a  f i n a l  concen t ra t ion  o f  50 rd4 t o  t he  cor responding 
t reatments .  N i t r ogen  was a p p l i e d  a t  two concent ra t ions,  2  and 6 mM, a t  f o u r  
d i f f e r e n t  NO3- /NHq+ r a t i o s :  110, 111, 113, 011. 

K+ was added a t  concen t ra t ions  o f  0.5 and 5  mM. Combinations o f  
n i t r o g e n  i n o r g a n i c  form.,  K+, ~ a 2 + ,  ~ 0 4 2 -  were combined i n  each t rea tment  
as t o  min imize d i f f e r e n c e s  i n  concen t ra t i on  o f  accompanying ions .  

The exper iment was s e t  up w i t h  4  r e p l i c a t e s  as randomized b locks,  
t h r e e  of which were harves ted  a t  t h e  appearance of i n f l o rescence  and one 
was l e f t  u n t i l  g r a i n  f i l l i n g  and d r y i n g  was conpleted. The f i r s t  h a r v e s t  
( vege ta t i ve  growth) was separated i n t o  leaves, stems, p r imary  shoots and 
t i l l e r s  and r o o t s .  The m a t e r i a l  c o l l e c t e d  was oven-dr ied a t  600 f o r  48 
hours. The d r y  m a t e r i a l  was l a t e r  used f o r  e x t r a c t i o n  and a n a l y s i s  o f  
m ine ra l  content.  

Length and mean d iameter  o f  r o o t s  were determined p r i o r  t o  d r y i ng ,  
accord ing  t o  t h e  l i n e  i n t e r s e c t  method (Tennant, 1975). 



Resul ts  

Concentrat ion o f  K+ had no s i g n i f i c a n t  e f fect  on t h e  ve e t a t i v e  
growth o f  wheat p l a n t s  grown i n  sand, as i n d i c a t e d  by t h e  ana y s i s  o f  
v a r i  ants. 

9 
Amnonium was a  more e f f e c t i v e  n i t r o g e n  source than n i t r a t e  a t  6  mM 

when supp l i ed  w i t h  o r  w i t h o u t  60 mM NaCl (Fig.  9). Th is  p re fe rence  f o r  
amnonium n i t r o g e n  was no t  observed t o  a  s i g n i f i c a n t  ex ten t  when t h e  l e v e l  
o f  n i t r o g e n  supp l i ed  was 2 mM. 

F i gu re  9: D r  mat te r  i n  shoots o f  wheat p l a n t s  grown i n  sand, w i t h  o r  
w i  f hout  60 mM NaC1, i n  d i f f e r e n t  concentrat ions and 

r o p o r t i o n s  o f  n i t r a t e  and ammonium n i t rogen .  
g i f f e r e n t  l e t t e r s  represen t  s i g n i f i c a n t  groups 
( ~ ~ 0 . 0 5 )  accord ing  t o  t h e  Duncan's New M u l t i p l e  Range Test. 

Most o f  t he  d ry  m a t t e r  o f  t h e  shoot o f  wheat i s  u s u a l l y  i n  t h e  
secondary shoot, namely t h e  t i l l e r s .  The number o f  t i l l e r s / p o t  ( 6  p l a n t s )  
and t h e i r  d r  weight  a re  presented i n  t a b l e  13. There i s  a  
c o r r e l a t i o n  g etween t h e  two group parameters and they both ehave i n  t h e  
same p a t t e r n  as t h e  shoot d r y  ma t te r  (Fig.  9) 

general 
N i t rogen  concent ra t ion  d i d  n o t  a f f e c t  r o o t  length.  However, NH4/N03 

r a t i o  r e s u l t e d  i n  a  c u r v i l i n e a r  response o f  r o o t  l e n  t h  e i t h e r  w i t h  o r  8 w i t h o u t  NaCl w i t h  an optimum about 1:l r a t i o  (Fig. 1 ) .  



Table 13: Number of dry weight of whest t i l l e r s  grown i n  water  
s a l i n i t i e s ,  and d i f f e r e n t  concentrat  ions and forms of ni t rogen.  ........................................................................... ........................................................................... 

N concentrat  ion .................................................................... 
2 mM 6 mM .................................................................... 

NH4/N03 0 0.5 0.75 1.00 0 0.5 0.75 1 .OO ........................................................................... 
mM NaC1 Number of t i l l e r s  

Dry weight of t i l l e r s  (g /po t )  

D i f f e r en t  l e t t e r s  represen t  s t a t i s t i c a l  groups ( ~ ~ 0 . 0 5 )  according t o  t h e  
Duncan's New Mult iple  Range Tes t  ........................................................................... ........................................................................... 

Figure 10: Root length of wheat p l a n t s  grown i n  sand c u l t u r e  and i r r i g a t e d  
with water  of two s a l i n i t y  l e v e l s  and d i f f e r e n t  concent ra t ions  
and r a t i o s  of NH4/N03 ni t rogen ( t h e  dashed 1 i nes r ep re sen t  
confidence i n t e r v a l  of 0.95). 



Discuss ion  

S a l t  reduced d r  m a t t e r  i n  t h e  shoot o f  wheat p l a n t s  i n  a l l  t h e  i n i t r o g e n  t reatments ,  u t  t h e  ex ten t  o f  t h i s  i n h i b i t i o n  was l a r g e r  i n  6 mM 
t h a n  i n  2 mM n i t r o g e n  (Fig. 9) .  Furthermore, t h e  i nc rease  o f  N H ~ +  
p r o  o r t i o n  i n  t h e  6 rr~M concen t ra t i on  inc reased  t h e  y i e l d  e i t h e r  w i t h  o r  g w i t  o u t  NaC1. The ex ten t  o f  growth i n h i b i t i o n  by NaCl was h i g h e r  i n  t h e  
a m n i u m  than  i n  t h e  n i t r a t e  t r e a t e d  p l an t s .  Y i e l d  r e d u c t i o n  due t o  
s a l i n i t y  i s  t he re fo re  r e l a t i v e l y ,  bu t  n o t  a b s o l u t l y ,  i s  more more 
pronounced when n u t r i t i o n a l  c o n d i t i o n s  a re  more f a v o r a b l e  t o  t h e  p l a n t .  

N i t r ogen  concent ra t  i o n  a f f e c t e d  shoot growth b u t  no t  r o o t  growth. 
Amnonium grown p l a n t s  seem t o  a l l o c a t e  a  l a r g e r  p r o p o r t i o n  o f  a s s i m i l a t e s  
t o  t h e  shoot than  t o  t h e  roo ts .  Th i s  a l l o c a t i o n  p a t t e r n  i s  no t  observed i n  
n i t r a t e  f e d  p l an t s .  These ass im i  l a t e  a1 l o c a t  ion  p a t t e r n s  are p r e s e n t l y  
be ing  s t u d i e d  i n  our labora to ry .  



( 2b )  E f f ec t  of n i t r a t e  o r  a m n i u m  n i t r o g e n  t o  a l i v i a t e  s a l i n i t y  damage. 
11. Reproduct ive growth 

I n t r o d u c t i o n  

The c o r r e l a t i o n  between t h e  number o f  t i l l e r s  (number o f  sp- ikes) and 
shoot d r y  m a t t e r  ( F i  . 9  and t a b l e  13) suggests t h a t  l a r g e r  p l a n t s  have 
a l s o  a  g r e a t e r  po ten  ? i a l  t o  produce 'grains.  These r e l a t i o n s h i p s  between 
y i e l d  components were s t u d i e d  i n  t h i s  s e c t i o n  o f  t h e  p r o j e c t .  

M a t e r i a l s  and methods 

The f o u r t h  r e p l i c a t i o n  o f  t h e  r e v i o u s  experiment ( s e c t i o n  2a) was 

? R a l lowed t o  row t o  m a t u r i t y .  The s p i  es o f  each p o t  were c o l l e c t e d  i n t o  one 
butch and s  ored i n  t h e  greenhouse u n t i l  a i r  dryness. The g ra i ns  o f  each 
s p i k e  were counted and weighed separa te ly .  

Resu l t s  and d i scuss ion  

Gra in  we igh t  d i s t r i b u t i o n  and frequency o f  t h e  d i f f e r e n t  t rea tments  
a re  p resen ted  i n  f i g u r e s  l l a  and l l b .  N i t r a t e  f e d  p l a n t s  produced l e s s  
t i l l e r s  and sp ikes ( t a b l e  13) and t h e i r  r a i n s  were n o t i c a b l y  l a r g e r  i n  
p l a n t s  r e c e i v i n  6  mM n i t r o g e n  ( t a b l e  14 . Th i s  g r a i n  wei  h t  compensation I mechanism was e  f e c t i v e  i n  p l a n t s  i r r i g a  1 ed w i t h  60 mM Na 8 1. The means o f  
g r a i n  wei h t  d i s t r i b u t i o n  presented i n  Table 14 were very  c l ose  t o  t h e  
c a l c u l a t e  3 medians which i n d i c a t e s  t h a t  t he  d i s t r i b u t i o n s  may be t r e a t e d  as 
normal d i s t r i b u t i o n s .  

Tab le  14: Means o f  g r a i n  wei  h t  d i s t r i b u t i o n s  o f  wheat grown w i t h  
d i f f e r e n t  wa te r  sa 9 i n i t i e s ,  concen t ra t ions  o f  K and N, and 
d i f f e r e n t  NHq'IN05 n i t r o g e n  r a t i o s .  

........................................................................... ........................................................................... 
N concen t ra t  i o n  ............................................................... 

2  mM 6  mM ........................................................ 
NH41N03 0  0.5 0.75 1.00 0  0.5 0.75 1.00 ......................................................................... 
mM NaCl 0.5 mM K+ 

60 4 0 ~ - f  47a-c 44ad 42b-e 3 7 d q  2oi-k 19k l g k  ........................................................................... 
D i f f e r e n t  l e t t e r s  represen t  s t a t  i s t i c a l  groups ( ~ ~ 0 . 0 5 )  acco rd i ng  t o  t h e  
Duncan's New M u l t i p l e  Range Test  ........................................................................... ........................................................................... 

A m n i u m  f e d  p l a n t s  were more s e n s i t i v e  t o  s a l t  t h a n  n i t r a t e  f e d  
p l an t s ,  w i t h  a  l a r  induced i n h i b i t i o n  o f  number o f  t i l l e r s  and 
sp ikes  as w e l l  as y i e l d  F ig .  12 . U n l i k e  a m n i u m  grown 
p l a n t s ,  i n  6 O mM Na h 1 produced l a r g e r  r a i n s  than  
p l a n t s  n o t  exposed t o  NaC1. The o v e r a l l  g r a i n  y i e l d  o f  n i t r a t e -?ed  p l a n t s  
( i n  6 mM) was e s s e n t i a l l y  una f fec ted  by s a l i n i t y  due t o  t h e  compensation on 
g r a i n  weight .  



Ammonium fed p l a n t s  were more e f f i c i e n t  than  n i t r a t e - f e d  p l a n t s  i n  
t h e  p roduc t i on  o f  shoot d ry  mat ter .  They a l s o  had more t i l l e r s  and sp ikes  
a l t h o u  h  they f a i l e d  t o  inc rease  p r o p o r t i o n a l l y  a s s i m i l a t e  t r a n s f e r  i n t o  
t h e  f i  7 l i n g  gra ins.  The same amount o f  ass im i l a tes  was d i s t r i b u t e d  i n  a  
l a r g e r  number o f  spikes and g ra ins ,  r e s u l t i n g  i n  lower  mean g r a i n  weight .  
Ammonium-fed p l a n t s  were more suscep t i b l e  t o  NaC1. 

N i t r a t e - f e d  p l a n t s  had a  sma l l e r  number o f  t i l l e r s  and sp ikes b u t  
t h e i r  t o t a l  g r a i n  y i e l d  was ba re l y  a f f e c t e d  due t o  t h e  increased we igh t  o f  
s i n g l e  seeds i n  t h e  presence o f  NaC1. Therefore,  vege ta t i ve  growth i n  t h e  
presence o f  NaCl i s  l ess  s e n s i t i v e  i n  n i t r a t e  than  i n  ammonium-fed p l an t s .  



Figure l l a :  D i s t r i b u t i o n  of g r a i n  weight and frequency o f  wheat p lan ts  
grown i n  0.5 mM K+ and 6  mM n i t rogen  (NH4+ or N03-) , w i t h  o r  
w i thout  60 mM NaC1. 
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Figure l l b :  D i s t r i b u t i o n  o f  g r a i n  weight  and frequency o f  wheat p l a n t s  
grown i n  5 mM K+  and 6  mM n i t r o g e n  (NH4+ or  N03-) , w i t h  or  
w i t hou t  60 mM NaC1. 
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F i g u r e  12: The r e l a t i v e  e f f e c t  o f  60 mM NaCl on d i f f e r e n t  parameters  o f  
t h e  r e p r o d u c t i v e  growth  o f  wheat f e d  d i f f e r e n t  c o n c e n t r a t  i o n s  
o f  n i t r o g e n  and potassium. N i t r o g e n  was a p p l i e d  e i t h e r  as 
ammonium o r  as n i t r a t e  i ons .  
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( 3 )  MAIZE 

I n t r o d u c t i o n  

Th is  was a  p r e l i m i n a r y  f i e l d  experiment t o  s tudy c h a r a c t e r i s t i c s  o f  
maize p roduc t i on  f o r  seeds on sand dunes and i r r i g a t e d  w i t h  b rack i sh  water.  
Maize seemed an i n t e r e s t i n  crop due t o  i t s  extreme s e n s i t i v i t y  t o  
s a l i n i t y .  We a l s o  s t u d i e d  ? he response of maize i r r i g a t e d  w i t h  b rack i sh  
wate r  t o  f e r t i l i z a t i o n  w i t h  d i f f e r e n t  i no rgan i c  forms o f  n i t rogen .  

M a t e r i a l s  and methods 

The exper imenta l  s i t e  was loca ted  a t  t h e  Ramat Negev Re i o n a l  
Experimantal  S t a t i o n  c l o s e  t o  Ashalim. The f o l l o w i n g  t reatmen s  were 
s tud ied :  

e 
S a l i n i t y  l e v e l :  1 dS/m ( t ap  wa te r )  and 6.5 dS/m ( l o c a l  b r a c k i s h  wate r  w e l l  ) 
N i t rogen  l e v e l s  i n  i r r i g a t i o n  water:  2 and 6 mM. 
N i t r ogen  forms: N H ~ + ,  NO3- and NH4N03. 

F e r t i l i z e r  was in t roduced i n t o  t h e  i r r i g a t i o n  d r i p  system as 
concentrated s o l u t i o n s  of (NHq) 2S04, Ca NO3) 2  and NH4N03 us ing  and 
h y d r a u l i c  f e r t i l i z e r  pump. KC1 was adde 6 t o  a l l  t rea tments  t o  o b t a i n  a  
f i n a l  concen t ra t i on  of 1.5 mM. Posphoric ac id ,  Fe-EDDHA and microelements 
were added i n  equal amounts t o  a l l  t reatments.  

Each exper imenta l  l o t  cons is ted o f  4  rows, each o f  them 10 m long, R a t  1 m d i s tance  f r om eac other .  The experiment was c a r r i e d  o u t  w i t h  6  
b locks,  ha l f  of each of them i r r i g a t e d  w i t h  tap  water,  t he  o the r  h a l f  w i t h  
b rack i sh  water. P lan ts  were i r r i g a t e d  d a i l y  w i t h  2 1 /h d r ippers ,  one every 
0.5 m. The amount o f  wa te r  supp l i ed  t o  a l l  t reatments  was equal, as 
determined by an evapora t ion  pan pe A), a t  changing ra tes  as recommended 
by t h e  Agronomical Serv ice  f o r  

Maize was sown on June 6, 1986, and was i r r i g a t e d  w i t h  both types of 
water f o r  10 da s  u n t i l  a f t e r  erminat ion.  Tap wate r  was supp l i ed  t o  a l l  
t reatments  f o r  ! he f o l l o w i n g  1 8 days. Both types o f  wa te r  were t hen  used 
f o r  i r r i g a t i o n  u n t i l  t h e  end o f  t he  i r r i g a t i o n  per iod.  Samples o f  wa te r  
were taken throughout  t he  e n t i r e  i r r i g a t i o n  p e r i o d  t o  determine s a l i n i t y ,  
ammonium, n i t r a t e  and K+. 

About two month l a t e r  ~ u g u s t  6, 1986), when t h e  cobs s t a r t e d  t o  1 develop, samples o f  leaves o  every t reatment were co l l ec ted .  Leaf samples 
were washed w i t h  detergent ,  1 mM HC1 and d e s t i l l e d  w a t e r  and t hen  oven- 
d r i e d  a t  60 C f o r  two days. The d ry  mat te r  was then ground, e x t r a c t e d  and 
analyzed. 

On September 18, 1986, i r r i g a t i o n  was stopped. A f t e r  t h e  p l a n t s  d r i e d  
i n  t h e  f i e l d ,  corn cobs were c o l l e c t e d  f r om 5  r u n n i n g  meters f r om t h e  
center  o f  each t rea tment .  Cobs were peeled and weighed and then seeds were 
separated. 

Resu 1  t s  

Analys is  o f  v a r i a n t s  of t he  exper imental  parameters t e s t e d  a r e  
summarized i n  Table 15. S t a t  i s t i c a l  ana l ys i s  was based on s p l i t  -p lo ts .  'The 
p r i n c i p a l  p l o t s  conta ined t h e  s a l i n i t y  t reatments,  .wh i le  secondary p l o t s  
c a r r i e d  t reatments  based on q u a n t i t y  and form o f  n i t r o  en suppl ied.  Most of 
t h e  parameters t e s t e d  showed s i g n i f i c a n t  e f f e c t s  o f  sa 4 i n i t y  and n i t r o g e n  
concent ra t ion  i n  t he  i r r i g a t i o n  water. The type  o f  n i t r o g e n  f e r t i  l i z e r  
( a m n i u m  o r  n i t r a t e )  a f f e c t e d  on l y  P and C1 con ten t  o f  p l an t s .  



Table 15:  Ana lys is  of va r iance  of va r ious  measured parameters o f  maize 
grown i n  t h e  f i e l d  w i t h  d i f f e r e n t  wa te r  s a l i n i t i e s  ( S a l t ) ,  
n i t r o g e n  concen t ra t  ions (N-conc) and ~ ~ 4 ' 1 ~ 0 3 -  r a t i o  (N-f orm) 

Use o f  amnonium o r  a m n i u m - n i t r a t e  as t h e  source o f  n i t r o  en 
inc reased  y i e l d s  as compared t o  t h e  e f f e c t  o f  n i t r o g e n  f e r t i l i z a  ? i on  as 
n i t r a t e .  N i t r o  en con ten t  o f  t h e  p l a n t s  genera l  1  increased w i t h  added 9 n i t r o g e n  f e r t i  i z e r  (Table 17) and decreased w i t {  increased s a l i n i t y  i n  t h e  
i r r i g a t i o n  water. The i nc rease  o f  ~ a +  i n  t h e  leaves a t  low l e v e l s  o f  
n i t r o  en f e r t i l i z a t i o n ,  i s  much h i ghe r  t han  a t  h i g h  l e v e l s  o f  n i t r o g e n  
f e r t i  9 i z a t i o n .  

I r r i g a t i o n  w i t h  s a l i n e  water,  as compared t o  t a p  water,  reduced t o  a  
l a r g e  e x t e n t  t h e  y i e l d  o f  maize (Table 16). Enhanced n i t r o g e n  f e r t i l i z a t i o n  
inc reased  y i e l d s  o n l y  t o  t rea tments  i r r i g a t e d  w i t h  tap  water.  A d d i t i o n a l  
n i t r o g e n  f e r t i l i z a t i o n  had o n l y  a  marg ina l  ( n o n - s i g n i f i c a n t )  e f f e c t  i n  
t rea tments  w i t h  t h e  h i g h e r  s a l i n i t y .  

Tab le  16: Y i e l d  o f  ke rne l s  and g ra i ns  o f  maize grown i n  t h e  f i e l d  i n  two  
water s a l i n i t i e s  a t  d i f f e r e n t  concen t ra t  ions and NH4+/N03- 
r a t i o s .  
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Table 17 :  Mineral content of maize leaves 
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Research i n  t h e  P h i l i p p i n e s  

(4) F i e l d  exper iment 

The s tud ies  t o  be c a r r i e d  o u t  i n  t h e  P i l i p p i n e s  c o n s i s t  o f  f i e l d  
exper iments and greenhouse experiments u s i n g  a  l o c a l  v a r i e t y  o f  eanut and 
r i c e  as t e s t  p l an t s .  The f i e l d  exper iment w i l l  be conducted a t  t 1 e 
exper imenta l  f a r m  o f  t h e  Na t i ona l  I n s t i t u t e  of Sc ience and Technolo 
l oca ted  i n  Mol ino,  Bacoor, C a v i t e  prov ince.  The greenhouse experimen w i l l  
be s e t  up a t  t h e  I n s t i t u t e  o f  B io log. ica1 Sciences 

9 
4a - Exper imental  s i t e  

S i t e  d e s c r i p t i o n  

The f i e l d  ex er iment  w i l l  be s e t  up  a t  t h e  NIST fa rm which i s  about 
65 km f r o m  UPLB. T  f: e  t opog ra  hy o f  t h e  f a r m  i s  g e n e r a l l y  f l a t  w i t h  a  s l o p e  
o f  0-2%. The f a r m  i s  p resen t  7 y c u l t i v a t e d  f o r  vegetab le  crops. The s o i l  i s  
heavy c l a y  w i t h  a  H o f  abou t  6  - 6.5. S o i l  a n a l y s i s  i s  n o t  a v a i l a b l e  b u t  
w i l l  be  completed I! e f o r e  p l a n t i n g .  

Land p r e p a r a t i o n  

Although t h e  t a r  e t  da te  o f  p l a n t i n g  w i l l  be January 1988, t o  e co inc i de  w i t h  t h e  s t a r  o f  t h e  d ry  season, t h e  f i e l d  w i  11 be thorough1 
c u l t i v a t e d  and prepared f o r  p l a n t i n  be fo re  t h i s  t ime. To keep t h e  s o i  ? loose, a  p e r i o d i g  passage o f  a l i g h  t r a c t o r  w i t h  d i s c  plow w i l l  be 

z 
requ i red .  On t h e  day o f  p l a n t i n g ,  fu r rows  w i l l  be drawn i n  t h e  f i e l d  by 
pass ing  through a  t r a c t o r .  

4b - I r r i g a t i o n  equipment 

A t  t h e  onset of t h e  d r y  season i n  January t h e  f i e l d  w i l l  be fu r rowed 
a t  a  d i s t ance  of 75 cm between furrows. T n i s  w i  11 be f o l l o w e d  w i t h  t h e  
i n s t a l l a t i o n  of d r i p  i r r i g a t i o n  l i n e s  and l a t e r a l s  w i t h  d r i ppe rs  a t  50 cm 
i n t e r v a l s  o r  one d r i p p e r  between two h i l l s .  An e a r l y  t r i a l  r u n  w i l l  be 
c a r r i e d  o u t  t o  determine whether a1 1  s y s t e m  p e r f o r m  c o r r e c t l y .  

4c - Exper imental  p l a n  

Exper imental  t rea tment  and l a y o u t  

A  3  x  4  f a c t o r i a l  exper iment c o n s i s t i n  o f  3  l e v e l s  o f  s a l i n i t y  and 4  
l e v e l s  o f  potass ium n i t r a t e  f e r t i l i z e r  w i l l  ! e l a i d  ou t  i n  a  s p l i t  p l o t  
des ign i n  which s a l i n i t y  i s  t h e  main p l o t  and f e r t i l i z e r  i s  t h e  sub-p lo t .  
The des ign i s  seen i n  f i g u r e  1. The l e v e l s  of s a l i n i t y  w i l l  be 2, 4 and 8 
nnhos/cm e l e c t r i c a l  c o n d u c t i v i t y .  KNO3 l e v e l s  w i l l  be 0, 75, 150 and 300 
kg lha.  Each p l o t  w i l l  be l abe led  p r o p e r l y  f o r  p roper  i d e n t i f i c a t i o n .  

P l a n t i n g  

A  l o c a l  v a r i e t y  o f  peanut w i l l  be l a n t e d  a t  t h e  r a t e  o f  2  seeds p e r  
h i l l  and a t  a  d i s t ance  o f  25 cm between f: i l l s .  Wi th  d i s t ance  o f  p l a n t i n g  
two h i l l s  w i l l  be i r r i g a t e d  by one d r i p p e r  w i t h  a  d ischarge  r a t e  o f  4 l / h .  

Treatment app 1  i c a t i o n  

Throughout t h e  growing p e r i o d  peanut w i l l  be irri a ted  w i t h  s a l i n e  
water  c o n t a i n i n g  NaC 1  a t  va r ious  concent ra t ions.  The r a  9. e o f  i r r i g a t i o n  
w i l l  be determined by t h e  s tandard pan evapora t ion  r a t e  u s i n g  a  c e r t a i n  
f a c t o r .  For  t h i s  purpose a  s tandard USDA pan evapor imeter  and c o l l e c t i n g  
raingauge w i l l  be i n s t a l l e d  a t  t h e  farm. 

F e r t i  1  i z e r  i n  t h e  f o r m  o f  KN03 w i  11 be a p p l i e d  i n  s o l u t i o n  t o  e t h e r  
w i t h  i r r i g a t i o n  wa te r  throughout  t h e  v e g e t a t i v e  stage. The t i m i n g  o  9 
i r r i g a t i o n  and f e r t i l i z e r  a  p l i c a t i o n  w i l l  be p r o g r a m e d  w i t h  t h e  s u p p l i e r  
o f  d r i p  i r r i g a t i o n  equ ipmen! (Netaf  im, I s r a e l  ). 



Measuri ng parameters 

Growth r a t e  
Y i e l d  and y i e l d  corrponents 
Pho tosyn the t i c  r a t e  ( l e a f  and canopy ) 
T issue a n a l y s i s  shoot and r o o t  f o r  N, P, K, Na, Ca, Mg, C1. I 1 Soi 1  a n a l y s i s  be o re  p l a n t i n g :  o t a l  N, e x t r a c t a b l e  P, K, Na, Ca, Mg, 

C1. 
S o i l  ana l  s i s  j u s t  be fo re  ha rves t  o f  s a q l e s  taken  f r om v a r i o u s  
depth: t o  I a1 N, e x t r a c t a b l e  P, K, Na, Ca, Mg, C1. 
S o i l  mo is tu re  a t  va r i ous  depth 
Es t ima t i on  o f  costs  and r e t u r n s  

f 51 Greenhouse e x ~ e r i m e n t s  

The purpose o f  t h e  greenhouse exper iment i s  t o  f i n d  t h e  response o f  
o t he r  crops l i k e  r i c e  p l a n t  w i t h  v a r y i n g  t o l e r a n c e  t o  s a l i n i t y  s t r e s s .  S a l t  
t o l e r a n t  and s e n s i t i v e  r i c e  v a r i e t i e s  w i l l  be grown i n  c l ay  o t s  c o n t a i n i n g  
s o i l  o f  heavy t e x t u r e  and i r r i g a t e d  w i t h  s a l i n e  water .  Growt fl 
pho tosyn the t i c  r a t e  and l e a f  water  p o t e n t i a l  w i l l  be n o n i t o r e 2  d u r i n g  t h e  

r o w i n g  p e r i o d  and a t  ha rves t ,  t h e  y i e l d  and y i e l d  c o q o n e n t s  w i l l  be 
l e t  ermi ned. 

Peanut w i l l  a l s o  be grown i n  c l ay  pots  t o  s tudy  i n  d e t a i l  t h e  
morpho log ica l  changes t h a t  occur  i n  t h e  p l a n t  when grown i n  s a l i n e  
cond i t i ons .  

5a - Response o f  r i c e  (IR-28) and peanut (UPL Pn2) t o  v a r y i n g  l e v e l s  o f  
wa te r  s a l i n i t y  and potassium n i t r a t e .  
(Jose F. Reano, D r .  Bon i f ac i o  Mercado and D r .  Enr ique  P. Pacardo) 

Pot exper iments were conducted t o  s t u d  t h e  rowth  responses and 
m i n e r a l  cor rpos i t ion o f  r i c e  (var. IR-28 andYpeanu? (var. UPL Pn2) a t  
v a r y i n g  l e v e l s  o f  wa te r  s a l i n i t y  and KN b 3. D i f f e r e n t  d i l u t i o n s  o f  sea wa te r  

6 EC 32  mrhoslcm) and t a p  water  (EC 0.6 mrhoslcm) were prepared t o  g e t  t h e  
e s i r e d  s a l i n i t y  l e v e l s  o f  0.6, 5.6 and 10.6 mrnhoslcm. The s a l i n e  wa te r  

p r e v i o u s l y  mixed w i t h  KNO3 w i t h  var ious concen t ra t ions  o f  0, 60 and 600 ppm 
was a p p l i e d  as i r r i g a t i o n  wa te r  s t a r t i n g  f r o m  6  weeks up t o  11 weeks a f t e r  
seed sowing. 

S i n g n i f  i c a n t  i n t e r a c t  i o n  between wate r  s a l i n i t y  and KNO3 was observed 
i n  almost a l l  growth parameters such as shoot length,  r o o t  length,  d ry  and 
f r e s h  weights  o f  shoots and r o o t s  o f  r i c e  and peanuts. S i m i l a r  observa t ions  
were a l s o  noted on t h e  d i f f e r e n t  m inera l  co r rpos i t i on  such as percentage 
t o t a l  n i t r ogen ,  calcium, potassium, sodium, c h l o r i d e  and magnedium o f  
shoots and r o o t s  o f  both crops. 

C o r r e l a t i o n s  ana l ys i s  showed t h a t  i nc reas ing  s a l i n i t y  l e v e l  was 
i n v e r s e l y  r e l a t e d  w i t h  shoot len  th ,  f r e s h  and d r y  we igh ts  o f  shoot and 
r o o t s  and % t o t a l  N  i n  shoots. T 1 ese r e s u l t s  were c o n s i s t e n t l y  ob ta ined  i n  
both crops except  f o r  r o o t  leng th  i n  peanut which was found t o  be 
p o s i t i v e l y  c o r r e l a t e d  w i t h  s a l i n i t y .  Only percentage c h l o r i d e  i n  r i c e  shoot 
was observed t o  be n e g a t i v e l y  c o r r e l a t e d  w i t h  KNO3. On t h e  o the r  hand, 
s i  n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was ob ta ined  on % C1, % Na, % T o t a l  N  and 
% ig i n  shoots o f  both crops. 

The r e s u l t s  g e n e r a l l y  revea led  t h a t  r i c e  i s  r e l a t i v e l y  more t o l e r a n t  
than  peanut. Th is  obse rva t i on  was subs tan t i a t ed  by NaIK and NaICa r a t i o s  o f  
shoot  and r o o t s  o f  bo th  crops. Furthermore, da ta  a l s o  i n d i c a t e  t h e  
apparen t l y  f a v o r a b l e  e f f e c t s  o f  KNO3 on p l a n t s  r ow ing  i n  s a l i n e  B environment. I n  t hese  experiments, 60 ppm and 6  0  ppm KNO3 were seemingly 
s u f f i c i e n t  t o  coun te rac t  t h e  t o x i c  e f f e c t  o f  wa te r  s a l i n i t i e s  a t  5.6 and 
10.6 rnrr~hos Icm, r espec t i ve l y .  
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Figure 13: % t o t a l  N i n  shoots o f  r i c e  as a f fec ted  by vary ing l e v e l s  o f  
s a l i n i t y  and KNO3. 



Figure 14: % K in roots of r i ce  as affected by varying levels of sa l in i ty  
and KNO3. 
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CONCLUSIONS 

The exper iments descr ibed i n  t h i s  r e p o r t  suppor t  t h e  hypo thes is  t h a t  
i nc reased  supp ly  o f  potassium and n i t r o g e n  f e r t i l i z e r s  may, under d e f i n e d  
c o n d i t i o n s ,  enhance t h e  p r o d u c t i v i t y  o f  a g r i c u l t u r a l  c rops i r r i g a t e d  w i t h  
s a l i n e  wa te r  ( 4  - 6 dS m-l). 

A l l e v i a t i o n  o f  s a l i n i t y  damage t o  crops by added f e r t i l i z e r  i s  
p o s s i b l e  up t o  a  c e r t a i n  l i m i t  (F ig .  15).  P l an t s  can e a s i l y  adapt t o  
osmot ic  s t r esses  caused by t h e  equ i va l en t  o f  40 t o - 6 0 m M  NaC1. The 
i n h i b i t i o n  o f  growth o f  s a l t - s e n s i t i v e  p l a n t s  under t hese  cond i t i ons  i s  
due, t o  a  l a r g e  ex ten t ,  t o  sa l t - i nduced  d i f f i c u l t i e s  o f  t h e  p l a n t  t o  o b t a i n  
t h e  m ine ra l  n u t r i e n t s  i t  requ i r es  f o r  i t s  op t ima l  development. Enhanced 
f e r t i l i z a t i o n ,  under these cond i t i ons  may, t he re fo re ,  a l l o w  s a l t - s e n s i t i v e  
p l a n t s  t o  grow w e l l  and produce adequate crops. 

Above these l e v e l s  o f  s a l i n i t y ,  o t h e r  s t r e s s  cond i t i ons  become 
p reva len t  caus ing metabo l i c  adjustments which r e s u l t  i n  rowth  s t u n t i n g  o r  
even death o f  t h e  p l a n t s .  Under t hese  cond i t i ons ,  added e r t i l i z e r  i s  n o t  
on l y  use less,  bu t  may even agrava te  s a l i n i t y  damage. 

? 

Brackish 
water 

F i g u r e  15: The l i m i t s  o f  f e r t i l i z e r  enhancement o f  s a l t - t o l e r a n c e  o f  
a g r i c u l t u r a l  crops. 



Enhanced s e l e c t i v e  f e r t i l i z a t i o n  may consequent ly i nc rease  s a l t  - 
t o l e r a n c e  o f  a g r i c u l t u r a l  c rops exposed t o  e l e c t r o c u n d u c t i v i t i e s  o f  up t o  8 
dS m-1 b u t  no t  above it. Enhanced f e r t i l i z a t i o n  may be an adequate answer 
f o r  a l l o w i n g  t h e  use o f  t h i s  wa te r  i n  areas where wate r  resources o f  b e t t e r  
q u a l i t y  a re  no t  ava i l ab l e .  

Severa l  environmental  and gene t i c  f a c t o r s  may a f f e c t  t h e  p o s i t i v e  
response o f  crops i r r i g a t e d  w i t h  s a l i n e  wa te r  t o  enhanced f e r t i l i z a t i o n :  

(1 )  S a l i n i t y  damage and t y p e  o f  i n o r g a n i c  n i t r o g e n  f e r t i l i z a t i o n  

It appears f r om  ou r  exper iments w i t h  wheat t h a t  p l a n t s  under s a l i n e  
cond i t i ons  respond b e t t e r  t o  amnioniuni d u r i n g  t he  vege ta t i ve  growth s tage  
and t o  n i t r a t e  d u r i n g  t h e  rep roduc t i ve  s t a  e. The response t o  ammonium-N 
depends on t h e  l e v e l  o f  app l i ed  ammonium. 4 he i n o r g a n i c  f o rm  o f  n i t r o g e n  
en te r s  t h e  r o o t  system, by pass ive d i f f u s i o n .  I f  no t  i r m d i a t e l y  
a s s i m i l a t e d  i n t o  o rgan ic  n i t r o  en compounds (amino ac ids  and amides), 
amnonium i ons  ma be t o x i c  t o  he p l a n t  c e l l s .  A s s i m i l a t i o n  o f  amnonium Y e 
i ons  i s  essen t i a  l y  an event which takes  p l a c e  i n  t he  r oo t s ,  f o l l o w e d  by 
t h e  ent rance o f  t h e  i ons  i n t o  t h e  p l a n t  c e l l s  and depending on an adequate 
supply o f  carbohydrates, impor ted t o  t he  r o o t s  f r om  t h e  pho tosyn thes i z i ng  
shoot. 

P l an t s  seems t o  p r e f e r  ammonium-N d u r i n g  t h e  vege ta t i ve  growth and 
n i t r a t e - N  d u r i n g  t he  rep roduc t i ve  stage. We a r e  p r e s e n t l y  c a r r y i n g  out  a  
greenhouse experiment i n  which wheat p l a n t s  i r r i g a t e d  w i t h  s a l i n e  wa te r  a r e  

e rown i n  ammonium-N and t r a n s f e r r e d  t o  n i t r a t e - N  a t  d i f f e r e n t  stages o f  
h e i r  development. Th is  experiment w i l l  t e l l  us a t  which s tage o f  p l a n t  

development p re fe rence  changes f r om ammonium t o  n i t r a t e  n i t r o g e n  t a k e  
place. 

( 2 )  Gra in  f i l l i n g  i n  cerea ls  as a f f e c t e d  by s a l i n i t y  and n i t r a t e  

We w i  11 t h e r e f o r e  f o l l o w  t h e  f o rma t i on  o f  p r o t e i n s  du r i ng  ve e t a t i v e  
growth by g e l 1  e lec t rophores is ,  as w e l l  as t h e  h y d r o l y s i s  and mobi 9 i z a t i o n  
o f  these  p r o t e i n - n i t r o  en d u r i n g  t he  r e p r o d u c t i v e  stage. These s t u d i e s  w i l l  9 be c a r r i e d  o u t  i n  para l e l  w i t h  wheat and r i c e  (see be l low)  grown i n  
ammonium and n i t r a t e - n i t r o g e n ,  w i t h  and w i t h o u t  60 mM NaCl i n  t h e  n u t r i e n t  
s o l u t i o n s  supp l i ed  t o  t h e  p lan ts .  

( 3 )  S a l i n i t y  damage as a f f e c t e d  by pH o f  n u t r i e n t  media 

The c o n t r a d i c t o r y  e f f e c t s  o f  KNO3 on t h e  a l l e v i a t i o n  o f  s a l i n i t y  
damage o f  p l a n t s  grown i n  h  droponics  and i n  s o i l  should  be f u r t h e r  
s tud ied .  One o f  t h e  explana r. ions f o r  t h e  d isc repanc ies  observed i s  t h a t  
p l a n t s  grown i n  KNO3 cause an inc rease  o f  pH around t he  roo t ,  due t o  a  
p r e f e r e n t i a l  uptake o f  NO3- over  K'. I f  t h i s  i s  t h e  case, than l i q u i d  
n u t r i e n t  media may be a  more e f f i c i e n t  b u f f e r  than  s o i l s ,  p reven t i ng  
a l k a l i n e  H  cond i t i ons  around t h e  p l a n t  r o o t s .  S o i l s  cannot p reven t  
a l a l i n i z a  1 i o n  o f  t h e  r o o t  t i p  area as t h e  p l a n t s  absorbs an excess o f  
n i t r a t e  o v e r  potassium ions. 



We.wi l1  grow p l a n t s  under hydroponics cond i t i ons  i n  60 mM NaC1, w i t h  
e i t h e r  ammonium o r  n i t r a t e  n i t r o g e n  under d i f f e r e n t  pH l e v e l .  Th is  
exper iment w i l l  enable us t o  s tudy t h e  s e n s i t i v i t y  o f  these p l a n t s  t o  
s a l i n i t y  and n i t r o g e n  sources under d i f f e r e n t  pH cond i t i ons .  

( 4 )  E f f e c t  o f  s a l i n i t y  on f l o w e r i n g  

Our experiments show t h a t  adding n i t r o g e n  t.o peanut p l a n t s  irr i  a ted  
w i t h  s a l i n e  water  a l l ows  these  p l a n t s  t o  develop normal (even enhance ! ) 
shoots. The s e n s i t i v i t y  o f  gynophores- t o  s a l t  accumulat ion i n  t h e  s o i l  may 
be overcome b  supp ly ing  wate r  i n  a  f o r m  d i f f e r e n t  - t han  t r i c k l e  i r r i g a t i o n .  
We cons ider  t X e  e f f e c t  of s a l i n i t y  on t h e  n u h e r  o f  f lowers produced by 
peanut shoots t o  be an i n t e r e s t i n g  new c h a r a c t e r i s t i c  wor th  t a k i n g  i n t o  
cons idera t ion .  Th is  response o f  peanut p l a n t s  may be t h e  bas is  f o r  d o u b l i n  
peanut p roduc t i on  i f  c o n d i t i o n s  w i  11 be insured  f o r  a1 low ing  development o  
t h e  inc reased  n u h e r  o f  gynophores induced by s a l i n i t y .  

I 
Two experiments have been planned i n  I s r a e l  t o  persue t h i s  idea :  

a  greenhouse experiment f o r  s t udy ing  op t ima l  i r r i g a t i o n  cond i t i ons  t o  a  \ a )  low 
gynophore development i n  p l a n t s  i r r i g a t e d  w i t h  b rack i sh  water ;  (b )  a  f i e l d  
exper iment f o r  t e s t i n g  t h e  t i m i n g  o f  i r r i g a t i o n  w i t h  b rack i sh  and non- 
s a l i n e  wa te r  as w e l l  as seve ra l  i r r i g a t i o n  methods t o  m in im ize  s a l t  
accumulat ion i n  t h e  upper l a y e r  of s o i  1  a t  t h e  t i m e  of gynophore 
development. 

(5)  Rice p roduc t ion  as a f f ec ted  by s a l i n i t y  

Rice seems t o  be a  p l a n t  which responds very  w e l l  t o  KNO3 under 
s a l i n e  cond i t i ons .  A f u l l  r e p o r t  on t he  r e s u l t s  of these exper iments as 
conducted by J. Reano; B. Mercado and E. Pacardo i n  Los Banos ( P h i l i p p i n e s )  
w i  11 be g i ven  i n  our  next  j o i n t  r epo r t .  

Jose Reano i s  a l ready  growing r i c e  i n  Sede Boqer ( I s r a e l )  where he 
wi  11 s tudy  t h e  e f f e c t  o f  s a l i n i t y  and d i f f e r e n t  n i t r o g e n  sources on t h e  
capac i t y  o f  these p l a n t s  t o  t r a n s  o r t  ass im i l a t es  f r o m  t h e  leaves t o  t h e  
seeds. J. Reano w i l l  a l s o  s tudy t R e  m b i  l i z a t i o n  o f  l e a f  o r g a n i c  n i t r o g e n  

I ma in l y  p r o t e i n s )  f o r  f i l l i n g  g r a i n s  as a f f e c t e d  by s a l i n i t y  and n i t r o g e n  
e r t i  1  i z e r s .  

(6)  Maize product  i on  under s a l i n e  cond i t i ons  

P re l im ina r  s t ud ies  on t h e  e f f e c t s  o f  s a l i n i t y  and n i t r o g e n  on t h e  
growth o f  maize K ave shown t h a t  t h e  extreme s e n s i t i v i t y  o f  t he  v a r i e t y  used 
may be beyond t h e  l i m i t s  of f e r t i l i z e r  a l l e v i a t i o n  (see Fig. 15). The use 
o f  t r i c k l e  i r r i g a t i o n  i n  sand may be inadequate s i n c e  t he  narrow w e t t i n g  
zone near t h e  emi te rs  tends t o  enera te  h i g h  concen t ra t ions  o f  s a l t  c l o s e  
t o  t h e  p l a n t s .  Fu r t he r  work w i l  9 be c a r r i e d  o u t  under f i e l d  cond i t i ons  
u s i n g  d i f f e r e n t  i r r i g a t i o n  methods. A method t o  c r e a t e  g rad ien t s  o f  
s a l i n i t y  and n i t r o  en f e r t i l i z e r  under f i e l d  cond i t i ons  has been developed 
f o r  t h i s  purpose ( ! e t a i l s  i n  next  r epo r t ) .  




