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SUMMARY 

Bean plants (Kora cv) were grown in potted soil artificially salinized by adding NaCI and CaC12 to the 
irrigation water to obtain an electrical conductivity of the soil saturation extract (ECe) thirty days 
after emergence of 0.1, 0.3, 0.5 and 0.7 S/m at 25~ and a sodium adsorption ratio (SAR) of 4 
(mmol/l) i. Thereafter, plants were irrigated when soil water matric potential (q'M) was in the range of 
--20 to --30 kPa (wet treatment) and when WM was in the range of --40 to --60 kPa (dry treatment). 

Transpiration rates (Tr) and leaf extension rates (LER) per plant or per unit of leaf area were 
decreased by increasing soil salinity and by decreasing soil moisture. However, a given decrement of 
Wu produced a considerable larger decrement in Tr of LER than an equivalent decrement of soil 
water osmotic potential (Wo). Absolute yields of green pods under wet treatments were from twice to 
one and a half time as large under the wet than under the dry treatment at equivalent values ofqJ0 . 
Relative yields were reduced by 25~ when EC, were about 0.5 S/m and 0.7 S/m in the dry and wet 
treatment respectively. Salt tolerance data of crops may not have a quantitative interest when soil 
irrigation regimes under which they were obtained are not specified. 

INTRODUCTION 

Crop salt tolerance has usually been established as the yield decrease produced 
by a given level of soluble salts in the root medium as compared with yields under 
non-saline conditions 1,4,16. In western countries soluble salts in the soil are often 
expressed as the electrical conductivity of the soil saturation extract (ECe). Soil 
water osmotic potential (q~0, in kilopascals) at a given volumetric water content 
(0s) is empirically related 16 to EC e (siemens/metre at 25~ 
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~P0 = - 3 5 5 E C e ~  (1) 

w h e r e  0 e is t he  p o r e  v o l u m e  of  t he  soil. 

W h e n  E C  e f igures  a re  u s e d  to  e s t i m a t e  r e l a t i ve  c r o p  y ie lds  t he  f o l l o w i n g  

a s s u m p t i o n s  a re  i m p l i e d :  1) y ie ld  d e p r e s s i o n  o f  c r o p s  d u e  to  soil  s a l i n i ty  is a 

f u n c t i o n  o f  qJo a n d  i n d e p e n d e n t  of  t h e  n a t u r e  of  t he  so lu t e s ;  2) r e l a t i o n s h i p  (1) 

h o l d s  for  t h e  r a n g e  o f  0 s o c c u r r i n g  in t he  field. B o t h  a s s u m p t i o n s  s eem r e a s o n a b l y  

va l i d  u n d e r  c o n d i t i o n s  w h e r e  i o n i c  specif ic  effects o n  p l a n t s  o r  soi ls  a re  a b s e n t  

a n d  w h e n  sa l t  s o l u t i o n  a n d  p r e c i p i t a t i o n  in t he  soil  u p o n  c h a n g e s  in m o i s t u r e  a re  

negl ig ib le .  H o w e v e r ,  m o s t  c r o p  sa l t  t o l e r a n c e  f igures  a v a i l a b l e  a re  still  o f  r e l a t i ve  

v a l u e  s ince  t h e y  we re  o b t a i n e d  u n d e r  s o m e  u n s p e c i f i e d  c u l t u r a l  c o n d i t i o n s  

w h i c h  affect  c r o p  yields.  W h e n  0 s o r  ~PM r a n g e  a t  w h i c h  c r o p s  a re  g r o w n  a re  n o t  

spec i f ied  o n e  of  t h e  p a r a m e t e r  o f  E q u a t i o n  (1) is i g n o r e d .  F u r t h e r m o r e ,  r e g a r d -  

less o f  t he  i n f l u e n c e  of  soil  m o i s t u r e  of  q~0, r e d u c e d  g r o w t h  r a t e  of  b e a n s  a t  

d e c r e a s i n g  q~M e v e n  w i t h i n  a r e l a t i ve  h i g h  r a n g e  of  q~M h a v e  b e e n  r e p o r t e d  1~ 

W i t h  t h e  e x p a n d i n g  use  of  h i g h  f r e q u e n c y  i r r i g a t i o n  s y s t e m s  14 a n d  t h e  c l a i m  6' 15 

of  i n c r e a s i n g  sa l t  t o l e r a n c e  of  c r o p s  u n d e r  s u c h  m a n a g e m e n t ,  it s e e m s  m o s t  

a p p r o p r i a t e  to  r ea s se s  sa l t  t o l e r a n c e  of  c r o p s  u n d e r  d i f fe ren t  i r r i g a t i o n  reg imes .  

T h i s  s t u d y  r e p o r t s  t h e  r e s u l t s  of  a p o t  e x p e r i m e n t  d e s i g n e d  to  e v a l u a t e  sal t  

t o l e r a n c e  of  g r e e n  b e a n s  u n d e r  t w o  i r r i g a t i o n  reg imes .  

MATERIAL AND METHODS 

Plants of bean (Kora cultivar ) were grown in a polyethylene-covered enclosure in 61 plastic pots filled 
with 4.8 kg of the fine fraction of a calcareous alluvial sandy loam soil. After emergence (day 0) plants 
were thinned to one per pot and 1 kg of siliceous sand (diameter between 3 and 6 ram) was spread on 
each pot in order to minimize evaporation. 

Four salinity levels, including the check, and two irrigation regimes were combined in a 4 • 2 
factorial design that was replicated 22 times. Saline irrigation waters were prepared by adding 
increasing amounts of NaC1 and CaC12 to tap water (check) to obtain waters with EC of 0.3, 0.5 and 
0.7 S/m at 25~ and SAR = 4 (mmol/1) �89 The tap water had an EC = 0.09 S/m, a SAR 
= 0.7 (mmol/1) �89 and an average composition in mmoles/1 : Ca = 2.25, Mg = 1.7, Na = 1.5, K = 0.5, 
CO3H- = 7, SO4 = = 1.0, CI- = 0.9. Soil salinization was started on day 20 and was completed on 
day 30 by applying 500 and 1000ml of saline water per pot at the indicated dates. From the latter 
date two differential irrigation schedules were imposed. Under the 'wet' treatment qJM was kept 
between - 20 and - 30 kPa and under the 'dry" treatment between - 40 and - 60 kPa. Water lost by 
evapotranspiration was added to each pot on a daily basis, except on days 52, 55 and 58 when 
irrigations were unduly postponed two days. Evapotranspiration (EVT) was obtained by difference 
in weight of each pot in consecutive days and transpiration was estimated substracting from the EVT 
value the average water lost from four pots without plants that were kept within the soil moisture 
range of cultivated pots. 

Soil ~PM was indirectly estimated from the soil water characteristic curve and daily estimation of soil 
moisture. In three pots per treatment tensiometers were installed at 8 cm depth. Electrical con- 
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ductivity of the soil solution (EC~) was directly determined with salinity sensors placed at 8 cm depth 
in two pots per treatment and indirectly by determining EC~ and soil moisture. 

Every ten days three pots per treatment were eliminated in order to determine EC~, leaf area (LA) 
and dry matter  of leaves and stems. Every other day, LA of four plants per treatment was estimated 
from the average length of central leaflet by using Equation: 

A = 1.03L 2 + 1.82L - 8.3 (2) 

where A (cm 2) and L (cm) are the area of a composed leaf and the length of the central leaflet, 
respectively. Equation (2) was adjusted (r 2 = 0.920) to data  of over one hundred leaves. 

On  day 62 the harvest of 12 pots per treatment, which had not  been eliminated, was made. 

RESULTS A N D  DISCUSSION 

Soil water potential 

Fig. 1 shows the evolution with time of the estimated values of WM in the check 
and high salinity treatments under the 'wet' and 'dry' irrigation regimes. From 
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I _ _  C h e c k  
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30 s'o s's 6o 
DAYS AFTER EMERGENCE 

Daily changes of soil water matric potential in the check and high salinity treatments under 
'dry'  and 'wet' irrigation regimes. 
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Fig. 2. Evolution with time of the electrical conductivity of the soil saturation extract (ECr 
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Table 1. Average soil water matric and osmotic potentials (kilopascals) during the indicated dates 

Treatments Days 30-43 Days 43-61 

Irrigation Salinity WM W0 WM W0 
regime level 

Wet 

Dry 

Check - 15 - 136 - 38 - 183 
Low - 16 -218 - 33 -301 
Medium -15 -339 -30 -388 
High - 13 -420 -27 -507 

Check - 76 - 218 
Low The same as - 72 - 374 
Medium in the wet - 62 - 624 
High - 63 - 796 

day 43 on, when the two differential i rr igat ion regimes became effective, WM 

oscillated within the aimed ranges except for the periods when irr igations were 

delayed and  WM reached values below --  100kPa  in the dry check. Otherwise, 

whenever WM values were within the tensiometer  range there was good agree- 

men t  between the estimated and  measured WM values. Fig. 2 shows the evolut ion 

with time of the measured values of EC e from the day the soil sal inization was 

accomplished. EC e under  'dry '  and 'wet '  t rea tments  were roughly stable a round  

0.2, 0.35, 0.55, and 0.7 S/cm for the check, low, medium and high salinity 

t reatments  respectively. 

Table 1 summarizes  data  from Figs. 1 and  2 for the two distinct periods of the 

experiment:  days 30-43 (differential effects due to salinity) and  days 43-61 

(differential effects due to salinity and  irr igat ion regimes). The values of q~0 in 

Table 1 were est imated from EC e (Equat ion  1) rather  than  from the EC s 

measured with salinity sensors. EC s in the wet t reatments  were higher than  in the 

dry ones (data not  given), showing an opposite t rend to the one that  should be 

expected. It has been unequivocal ly  demons t ra ted  z how current  salinity sensors 

fail to measure EC s when the ~M drops below - 40 or - 50 kPa,  part ly due to 

sensor desa tura t ion  and  part ly due to limited ion diffusion produced by reduced 

contact  between the ceramic cup and the soil when it dries, part icularly under  

s i tuat ions of changing salinity. Therefore, the use of current  salinity sensors is 

restricted to a soil mois ture  range nar rower  than  the one it has been previously 
reported 7,13 
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Average transpiration rates as a function of soil water osmotic potential (~o). 

Transpiration and 9rowth 

Fig. 3 shows the transpiration rate (Tr) before (curve a) and after (curves b and c) 
implanting the irrigation regimes as a function of qJ0. The average values of WM in 
a), b) and c) were - 1 5 ,  - 3 2  and - 7 0  kPa, respectively. Tr decreased as Wo 
decreased in agreement with results of other authors a, 9,11,12. However, with a 
salt tolerant plant such as cotton grown in solution culture with W0 between - 50 
and --1250 kPa no Tr reduction was observed 5. Differences in Tr between a) 
and b) are due to changing atmospheric evaporative demand. If transpiration 
rates are expressed as percentage of the check (Fig. 4), the effect of W0 on relative 
transpiration rates (RTr) are practically the same for the two periods considered 
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(a and b). Fur thermore,  a decrement  in W o produced a larger decrease in RTr  in 
the 'wet '  t reatment  (Curves a and b) than in the 'dry '  one (Curve c). We suggest 
that  in the wet t reatment  ( -  15 > ~M > - 32 kPa)  Tr was independent  of  W M 
and was largely controlled by ~ o  and other environmental  factors, while in the 
'dry '  t reatment  (~M = -- 70 kPa)  Tr was primarily controlled by W M. It has been 
reported a that  when W M > - 20 kPa  soybean Tr was determined by atmospheric  
conditions, while at ~M < - 40 kPa  Tr was practically independent  of atmos-  
pheric conditions. At ~ o  = - 200 kPa,  Tr of the dry check (~M = -- 76 kPa)  was 
6 0 ~  of  Tr of the wet check (W M = - 3 8  kPa). Other  authors  1~ found that  Tr of  
bean under  non-saline condit ions was reduced by 6 0 ~  when ~ u  decreased from 
- 25 to - 4 0  kPa.  The significant reduct ion of  t ranspirat ion found with decreas- 
ing soil moisture  are relevant since they occur even within the moisture range 
found in soil where crops are irrigated by conventional  methods  (surface or 
sprinklers). 
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(For curve types see legend in Fig. 2). 

Due to initial differences in leaf area of plants when soil salinization was started, 
it was decided that  t reatment  effects on plant  growth would be better evaluated 
by leaf expansion rate (LER) per plant or  per unit of  leaf area rather than by 
absolute LA. Fig. 5 a-b shows that  L E R per plant (a) or per unit leaf area (b) were 
decreased by increasing soil salinity about  one week after soil salinization was 
completed. The higher the soil salinity and the lower the soil moisture the sooner 
LER starts decreasing to become zero when leaf abcission period set in (day 53 for 
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the most  stressed t reatment  to day 58 for the check of the wet treatment). Leaf 
abcission was enhanced by delay in irrigations. Therefore, changes in LA after the 
first occurance abcission are not  considered. 

Average LER (LER)  under  the two irrigation regimes are plotted as a function 
of~Po in Fig. 6. LER was reduced at decreasing LP o under  both irrigation regimes. 
When relative LER (RLER)  is plotted against u/0 (Fig. 7) a given decrement of 
W0 produced a larger decrement  of R L E R  under  the wet than under the dry 
treatment.  This result could be interpreted as an increase of salt tolerance of 
beans at reduced soil water matric potential.  However,  this is only so when soil 
salinity is evaluated by ~P0 of soil water. When  soil salinity is expressed by EC e, 
R L E R  was independent  of  irrigation regimes. 
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LERs of plants under dry treatment were lower than under wet treatments at 
all soil salinity levels, (Fig. 5 a-b). For example, at a ~0 = - 170 kPa, LER of the 
'dry' check (ud m = -- 53 kPa) was 67~o of the 'wet' check (uP m = --28 kPa). A 47~o 
reduction in dry matter production of beans have been reported1~ when ~M 
decreased from - 2 8  to - 4 0  kPa. Since absolute values of ~ u  were small as 
compare to ~0, results shown in Fig. 6 illustrate that a given decrement of ug M 
brought about a larger reduction in LER than several fold higher decrements of 
ug o. Therefore, matric and osmotic components of soil water potential do not 
have additive effects on plant growth as it was earlier suggested x 7. This fact is in 
accordance with the well known restriction to water movement in the soil 
produced by decreasing ug m and not by decreasing ud o. 

It has been already mentioned that both growth and transpiration were 
reduced at increasing salinity and decreasing soil moisture. However, it is 
somewhat striking that a high correlation (r 2 =  0.966) was found between 
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Table 2. Dry matter content of leaves and stems after 30, 40 and 50 days 

Treatments Dry matter, g/100 g of fresh tissue 

Salinity Leaves Stems 
level 

Irrigation 
regime 

30 40 50 30 40 50 

Wet 

Dry 

Check 12.2a 12.4a 13.8c 14.7a 15.4a 16.2a 
Low 12.6a 11.7ab 12.6d 15.1a 15.lab 15.6ab 
Medium 12.1a 10.9ab 11.9de 14.9a 14.3ab 14.8bc 
High 12.5a 10.3b ll.4e 14.8a 13.8b 14.1cd 

Check 16.1 a 16.4a 
Low The same 15.4ab The same 15.9ab 
Medium as Wet 14.6bc as Wet 15.2b 
High 15. lb 14.9bed 

Within each column treatments with one letter in common are not significantly different at 0.05% level by Ducan's 
new multiple range test. 
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Yields of green pods as a function of soil water osmotic potential (q~0). 

average values of Tr and LER for each treatment even when data from both 
irrigation regimes are pooled together as shown in Fig. 8. 

]'ields 

The percentage of dry matter in green tissues on a weight basis, which is inversely 
related to plant succulence, is shown in Table 2. In general, succulence increases 
at increasing soil salinity and/or increasing soil moisture. 

Absolute yields of green pods under the wet treatments were higher than under 
dry treatments at any soil salinity level (Fig. 9). 

Relative yield depression produced by increasing soil salinity measured by EC e 
(Fig. 10) was higher under the wet than under the dry treatments. A 259/00 
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r e d u c t i o n  in r e l a t ive  yields was  b r o u g h t  a b o u t  a p p r o x i m a t e l y  at  E C  e = 0.5 S / m  

in t he  wet  t r e a t m e n t ,  whi le  u n d e r  the  d ry  t r e a t m e n t  o c c u r r e d  at  ECe = 0.7 S/m.  

T h e  e x p e r i m e n t a l  resul ts  i l lus t ra te  t ha t  the  c o m m o n  prac t i ce  of  e v a l u a t i n g  salt  

t o l e r a n c e  of  c r o p  by the  E C  e f igure  tha t  p r o d u c e s  a ce r t a in  yield d e c r e m e n t ,  w h e n  

no  spec i f i ca t ion  is m a d e  to  i r r i ga t i on  regimes ,  have ,  at the  mos t ,  a q u a l i t a t i v e  

interest .  

Received 9 March 1978. Revised October 1979 
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