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| - Introduction

The pressent report summarizes research carlad out within the framework of project C5-001 fiom July
1988 to March 1990. Different parts of this work were carried out by the following scientists:

Prof. Jiftah Ben Asher - Israel
Ms. M. Angeles Botella - Spain
Ms. Cristina Cruz - Portugal
Dr. Martin Giskin - Israel
Dr. Eduardo O. Leldi - Spain
Prof. Owen A. M. Lewis - South Africa
: Prof. S. Herman Lips - Israei
' Ms. Hanna Jaenicke - Gemmany
Mr. Dale Magnusson - USA
Mr. Joel de Malach - Israel
Dr. B. T. Mercado - Philippines
Dr. Enrique C. Pacardo - Philippines
Dr. Jose Reano - Phillppines
Ms. Ruth Shaked - Israel
Dr. Moshe Silberbush - Israel
Dr. M. I. M. Soares - Israel

Work presented here describes studies of physiological mechanisms of salt-tolerance under
laboratory conditions coordinated with experimental work under field conditions. Cooperation with
our Philippino colleagues has ylelded interesting and Important results both in the Icb and in the
field. Peanut production in our joint experimental field in the Philippines is three fold higher than the
local average aithough iigated with saline water from Laguna de Bay. This has been possible by
the Introduction of trickle irfigation and fertilizer management adequiate for saline conditions. If
funding to go on during three more years becomes available, intfroducing better varieties and
optimizing irrigation and fertilization management could further increass pecnut production to ten
fold today's average in the Philippines using while using avallable brackish water during the dry
seqason .

Field workers in the Philippines mastered the use of trickle imigation rapidly and effectively in our joint
experimental field between Manila and Los Bafios. Peanut production irigated with saline water
and enhanced nitrogen fertilization in the Philippines yielded relatively good crops. Encouraging
results have been obtained by Philippino coworkers in greenhouse experiments with wheat and
rice on the enhancement of salt-resistance by adequate fertiization. These laboratory and field
experiments have set the foundation to obtain superior yields of other vegetable crops which the
Philippino local and export market could absorb. The use of trickle Imigation with saline weter allows
production of cash crops during the dry season, when field are idle due to lack of rainfall.

At the same time, study of ways to enhance sa! iolerance of crops by simple agrotechniques
goes on. We have learned about the effects of salinity on the distribution of assimilates, the
determination of sink priority by different forms of nitrogen, salt resistant mechanisms In rice. pH
effect on sali-tolerance of piants growing on elther ammonium or nitrate, etc.

This is the final report for the three year project supported by AID/CDR (C5-001). We have leamed
much but It is clear that we are at the beginning of the development of agrotechniques to use
saline water Irigation. Work based on our experlence Is now carled out not only In israel but in
Philippines. Thalland, Kenya, Mexico, Portugal and Spain.




SALINITY AND NITROGEN NUTRITION STUDIES ON PEANUT AND COTTON PLANTS

E. O. LEID|, M. SILBERBUSH, M. . M. SOARES and S. H. LIPS
Desert Agrobiology Center, J. Blaustsin Institute for Desert Research and Department of Biology, Faculty of
Natural Sciences. Ben-Gurion University of the Negev. Sede Boqer 84993, Israel.

ABSTRACT. The effect of the nitrogen form (NH4™ or NO3") added .0 the nutrient solutioh and salinity
levels (NaCl) were studied in peanut and cotton plants grown in hydroponics. Growth inhibition by salinity -
affected mainly to NH4*-fed plants. Salinity and nitrogen form had different effects in the levels of K* and
Na* in the shoots of these two species. Salinity orly reduced photosynthssis in severe stressed cotton
plants. A high correlation was observed bstween the Ievei of K* and stomatal conductance. Ammonium
resulted in a l¢ss efficient use of nitrogen under saline conditions for both species.

INTRODUCTION

The need to increase the use of brackish water for agricuiture in Israel and other arid areas of the world,
as well as the increasing salinization of large agricultural areas, has generated interest on the
interrelationship between mineral nutrition of plants and salinity (1,2). The type of nitrogen in the medium
can exert a considerable influence on the mineral composition of the plants (3,4,5,6). The N form mainly
affects the relative uptake of cations and anions by plants (3,5).

Salinity is known to inhibit upiake of several nutrients such as NO3" (7), K* and Ca2* (8), causing
nutrient imbalances in the plant. Furthermore, the study of the factors limiting plant growth under saline
conditions is complex due to the variety of responses of plant species to salinity in terms of ion uptake
and adaptative mechanisms to salinity and water stress (S, 10).

in this paper, we report results of studies on growth, photosynthesis ard ion uptake of two different
plant species which vary in their salt-{olerance (salt-tolerant cotton anr] sait-setisitive peanut ; when grown
under different salinity levels and inorganic nitrogen compounds.

MATERIALS AND METHODS

Peanut (Arachis hipogaea L. cv. Shulamit) and cotton (Gossypium hirsutum L. cv. 8J-1-171) plants
were grown in aerated nutrient solutions under greenhouse conditions. The seeds were germinated in
vermiculite and seedlings of uniform size and appeararn:e were selected and transferred to the nutrient
solutions. The different nutrient solutions were placed in 20 | plastic containers with 8 plants in each of
them. Two duplicate containers were provided for each treatment. Two nitrogen forms (NO3* and NH4*)
were supptiad at different salinity levels in the basic nutrient solutions. The composition of nutrient
solutions (in mM) was as following:



NOs NHs* SO042° HoPOs* K* Ca?* Mg2*

Nitrate solution 4 - 25 1 4 2 1
Ammonium solution - 4 45 1 4 2 1

Micronutrients were supplied at the concentrations prescribed by the Long Ashton nutrient solution
(11). Concentrations of NaCl used were 0, 10, 20, 35, 50, 75 and 100 mM for peanut (salt-sensitive), and
0, 50, 100, 150, 200, 250 and 300 mM for cotton (salt-toleran: NaCl concentratior}s were increased
stepwise at the beginning of the experiments to avoid osmotic shock to the plants. Solutions were
changed weekly and water losses were replaced daily. Greenhouse daily temperatures fluctuated
between 23.0¢ and 29.1¢ with night temperatures between 9.8? and 13.12. Relative humidity was 25-
35% during the day, increasing at night to 70-80%. Midday Irradieiice was 700-800 pmotm2s-1,

Photosynthesis, transpiration and stomatal conductance were determined in fully expanded leaves of
plants grown for 15 days, using a portable infrared gas analyzer (ADC, LCA-2) at a constant photon flux of
700 pmol m2 571,

Plants wzie harvested after 22 days and dried at 702 C for 48 h. The dry material was then weighed
and total nitrogen determined after digestion with HoSO4 and H20; using the Nessler reagent. Part of the
dry material collected was extracted in hot water to determine concentrations of Cl- (Corning chloride-
meter), K+ and Na+ (Corning-EEL flame photometer).

RESULTS AND DISCUSSION

Increasing concentrations of NaCl in the nutrient solutions caused reduced dry mass production of
peanut and cotton plants (Table 1). Cotton plants died at 300 mM NaCl under the growth conditions
prevalent in the greenhouse, while plants grown in 250 mM NaCl had necrotic areas in the leaves and
stopped growing after the first week. Root dry weigh in both species was more affected by salinity when
NH4* was the form of nitrogen present in the nutrient medium. Ammonium is a metabolically more
expensive N source for roots than NO3™ (12) because it is exclusively assimilated in the roots (12,13,14).
The relatively large demand for carbon allocation for NH4* assimilation in roots may result in insufficient
carbon available for root growth. Lewis et al. (14) found a considerable greater sensitivity to salinity in
wheat and maize plants fed with NH4* rather than NOg3". It was suggested that salinity inhibits NHg*
detoxification by reducing the levels of arginine synthesis in squash plants (15). Salsac et al. (16)
hypothesized that NH4* nutrition could lead to insufficient water uptake because of the reduced intake of
mineral ions (mainly K*) and organic anions that can operate as osmatica. Thus, the larger growth
inhibition caused by salinity in NH4* -fed plants may be the result of a combination of several factors
ranging from effects on water status and carbon partitioning to inorganic ion (K* and Ca?*) induced
deficiencies by NH4* and Na*.

Ammonium-grown cotton plants produced less biomass than plants grown on NOg", whereas peanut
plants had similar growtt in both nitrogen forms. This may reflect a higher capacity of peanut to assimilate



NH4* in the roots. Growth inhibition in NH4*-fed plants was observed in several species such as

cucumber, castor bean and bean (17, 18, 19). Other plant species such as soybean (20, rice (21) and
tomato (22) grew equally well in NH4*- and in NO3"-containing medium.

Table 1. Shoct and root growth of peanut and cotton plants grown on NH4*- or NO3™-solutions and
different salinity levels. Within species, values in columns followed by the same letter are not significantly
different (LSD Test, P< 0.05).

NO3- NHg*
NaCi Shoot Root Shoot Root
(mM) (9 dry weight plant-1) {9 dry weight plant-1)
PEANUT
0 1.98a 0.55a 1.96a 0.48a
10 1.95a 0.45ab 1.65bc 0.37abc
20 1.95a 0.52a 1.77b 0.45ab
35 1.63b 0.46ab 1.54c 0.43ab
50 1.53b 0.44ab 1.14d 0.35bc
75 1.31¢c 0.39b 1.0€d 0.39bc
100 1.11d 0.40b 0.81e 0.27c
COTTON
0 1.41a 0.29ab 0.73a 0.23a
50 1.36a 0.38a 0.56b 0.19a
100 0.84b 0.23bc 0.57b 0.18a
150 0.78c 0.28b 0.47c 0.18a
200 0.50d 0.17cd 0.37d 0.10b
250 0.40e 0.16d 0.34d 0.09b
300 0.36e 0.11d 0.23e 0.06b

Increasing salinity resulied on a decrease of total N content cf the shoots (Table 2) irrespective of

nitrogen form supplied or plant species. The concentration of nitrogen in plant parts, however, remained
fairly unchanged (data not shown). Findenegg et al. (23) found that the increase ot Ci- concentration in
the medium did not change the level of total N in sugarbeet leaves.

Sodium chloride in the nutrient medium caused a decrease of K* concentration and content in the
plants as well as an increase of Na* and CI- levels (Table ). Howevar, Na* levels in peanut shoots
increased markedly only at the highest NaCl concentration (100 mh4), while in cotton every increase in salt
concentration was accempanied by an increase of Na* concentration in the shoot. Na* uptake by peanut
resembled that of a Na*-excluder species, whereas cotton showed characteristics of Na*-includer species
(24). It is not clear whethsr Na* exclusion provides higher tolerance to salt-sensitive species (25, 26). In
some cases, salt-exclusion may constitute a mechanism to cope with salinity (10, 24, 27). The relative



Table 2. Content of N, K*, Na* and CI" in shoots of peanut and cotton plants grown with NH4*- or NO3"-
solutions under differente salinity levels. Within species and for each nitrogen source, values in column
followed by the same lettar are not significantly different (LSD Test, P< 0.05).

N source NaCl (mM) N Kt Na* cl-
(mmoles . shoot-1)
PEANUT ,

NOj3- 0 4.70a 2.01a 0.05a 0.37a
10 4.90ab 1.80b 0.04b 0.51b

20 5.17b 1.84b 0.04b 0.52b

35 3.93¢ 1.52¢ 0.05a 0.52b

50 3.83¢ 1.27d 0.04a 0.54b

75 3.10d 1.06e 0.04b 0.71¢

100 2.648 0.93e 0.08¢c 0.94d

NH4"* 0 5.01a 1.30a 0.04a 0.37a
10 4.09b 0.97b 0.02b 0.33a

20 4.57¢ 0.95L 0.03ac 0.37a

35 4.07b 0.82c 0.03¢c 0.28b

50 2.91d 0.56d 0.02b 0.25b

75 2.77de 0.46e 0.04d 0.43c

100 2.49¢e 0.35¢f 0.16e 0.64d

COTTON

NO3- 0 3.66a 1.03a 0.10a 0.56a
50 3.80b 0.83b 0.51b 1.01b

100 2.05¢ 0.40c 0.91c 1.00b

150 1.96¢ 0.36¢ 1.11d 1.29¢

200 1.06d 0.24d 1.27e 1.36¢

250 0.73e 0.24d 2.57t 1.88d

300 0.68e 0.24d 3.11g 1.67e

NH4* 0 1.82a 0.50a 0.10a 0.42a
50 1.50b 0.23b 0.33b 0.39a

100 1.67¢ 0.18¢c 0.61c 0.57b

150 1.25d 0.13de 0.86d 0.78¢

200 0.7% 0.11d 0.96e 0.99d

250 0.65e 0.17ce 3.26f1 1.48e

300 0.45¢ 0.12d 1.89g 1.03d




increase of Na* and CI- in cotton plants to increasing salinity in the medium may have in cottca a
osmoregulatory funciion.

Inhibition of NO3" uptake by salinity has been reported by Aslain et al. (7) and Silberbush et al. (28). In
our work, salinity affected uptake of NHa* or NO3™ ions to A similar exterit according to the values of
nitrogen content (Table 2).

Decrease in K* uptake in the presence of Na* and NH4* was also observed (Table 2). Lower levels of
K* in NH4*-fed plants could be related to the higher sensitivity of these planis by inducing mineral
deficiencies. Potassium uptake in cotton plants was apparently more affected by increases in salt level.

Relationships betweca Na* and K* in the different treatments are presented in Fig. 1 in which the ratio
oetween the two ions in the plant vs. their ratio in the nutrieri solution are plotted. The K*/Na* ratloé in
the plant are presented in logarithmic scale. Both ratios followed & first-order exponential function, which
are represented by the calculated lines. The higher initial K*/Na* ratio in peanuts is the result of relatively
higher K* and lower Na* concentrations, which supports the suggestion of a relatively effective Na*-

exclusion mechanism in peanuts as compared to cotton.

Fig. 1. Effect of K*/Na* ratio in the nutrient solution on the K*/Na* ratio in the shoots of peanut and
cotton plants grown in nutrient solutions containing NO3- or NH4* and different salinity (NaCl) levels.



Table 3. Photosynthatic activity, transpiration rate, stomatal conductance and chlorophyil concentration
of leaves from peanut and cotton plants grown in nutrient solutions containing NO3™ or NH4* and different

salinity (NaCl) levels. Within species and for each M source, values in columns followed by the same letter

are not significantly different (LSD Test, P<0.05).

Photosynthesis Transpiraticn Stomatal Chloro-
N NaCl | (mmoles (mmoles rate (b) conductance phylls
source | (mM) m2s) Jgchlols?) |mmoim2sh | (mmolm2sY) @m?
PEANUT

NOj3° 0 98a 18.2ab 13.6ab 1055a 0.53a
10 8.1bc 17.2a 14.2a 857b 0.47a

20  .104a 20.9¢ 12600 863b 0.50a

35 9.4ac 17.6a 13.9a 973ab 0.52a

50 10.1a 19.2ab 11.1cd 657¢ 0.50a

75 7.9b 17.2a 12.0c 508d 0.44a

100 8.8ahc 22.6¢ 10.5d 412d 0.34b

NHg* 0 10.2a 20.0a 11.6ac 870a 0.50a
10 9.4ah 17.3b 12.2a 709ab 0.53a

20 10.4a 21.2a 8.6bd 581bc 0.48a

35 10.6a 18.8ab 9.7bc 604bc 0.54a

50 10.1a 19.5ab 10.6¢ 489¢ 0.51a

75 9.0ab 18.8ab 8.5d 321d 0.45a

100 8.6b 24.3¢c 7.8d 266d 0.34b

COTTON

NOg- 0 7.2ab 24.4ab 13.0a 870a 0.29a
50 7.6ab 24.9a 10.5b 536b 0.31a

100 8.4a 25.1a 10.6b 535b 0.33a

150 8.0ab 24.1ab 10.9b 506b 0.33a

200 6.9b 21.4b 5.7¢c 285¢ 0.32a

NHg* 0 8.0a 23.1a 12.6a 718a 0.35a
50 7.2ab 19.8b 11.6ab 606ab 0.36a

100 5.9bc 14.7¢ 11.1b 516b 0.41b

150 7.0ab 15.3¢ 7.7¢c 265¢ 0.46b

200 4.8¢ 13.5¢ 6.2d 175¢ 0.36a

Photosynthetic activity of the youngest fully expanded leaves (Table 3) was affected by salinity to a
very small extent. Only cotton leaves at the highest salt conceniiation showed a considerable reduction in



photosynthesis per leaf area unit. This inhibition, however, may have been due to decreased stomatal
conductivity to COp and the consequent.reduction cf intercellular CO2 partial pressure.

Calculating the rates of photosynthesis on chlorophyli basis (Table 3), onie could observe an increase
of activ’., at the highest NaCl level in pexnut and a decreass in cotton. This changes in photosynthesis
rates are due to changes in the levels of leaf chlorophyll of peanut but not in cotton (Table 3) in which
chlorophyll concentration remained remarkably unaffected by the salinity of the nutrient solutions.

Several publications presented confiicting results about the effects of salinity on photosynthesis. in
cotton, increases in stomatal as well as mesophyll resistance have been reported as affecting
photosynthesis under salinity (29, 30). The decrease of photosyrthesis in bean plants under salinity was
attributed to a reduction in the efficiency of ribulose-1,5-biphosphate carboxylase (31). in mangrove,
salinity induced K* deficiency associated to a loss of functional Photosystem Ii (32). In other cases,
however, salinity did not result in a major decrease of the photosynthetic activity of spinach (33), sugar
" beet (34).or wheat and maize (13). ' ' ’

In the present experiments, transpiration rates and stomatal conductance decreased only at the
highest levels of salinity in both species, cotton and peanut (Table 3). This limited response of
transpiration and stomatal conductance to salinity may be related to the osmotic adjustment of the leaves
after exposure of plants to osmotic stress. This low response of transpiration to salinity was similarly
observed in wheat and maize (13).

Water use efficiency (WUE) is the ratio between net CO2 assimilation and transpiration (35).
Calculation of WUE in these experiments was based on the gas exchange measureinents done whh the
IRGA at a given moment. In the present experiments WUE did not clearly increase with salinity (data not
presented) as reported by others (36). The main reason for this difference may rely on the momentary
WUE values obtained from IRGA measurements, which do not reflect cumulative values of carbon gain
per unit water lost during longer periods of time. The increases in WUE observed in our experiments were
only marked in cotton at high salt concentrations and in NH4*-fed plants. These were also the treatments
where salinity-reduced stomatal conductance affected transpiration more than photosynthesis.

A highly significant correlation (at P< 0.01 level) was observed between shoot growth and K*
concentration for peanut (r= 0.85 and r= 0.92, NO3- and NH4*-plants respectively) and cotton (r= 0.89
and r= 0.86) plants. Shoot growth and the concentration of Na* and CI- the shoots were negatively
correlated (P< 0.01) in peanut (Na*: r= -0.78 and r=-0.70; CI: r=-0.92 and r= -0.78) as well as in cotton
(Na*:r=-0.96 and r= -0.96; CI". r=-0.94 and r=-0.90),

Photosynthetic rates were significantly correlated (P< 0.01) with leaf Cl- concentrations in cotton
growing in NQO3" (r= 0.97, parabolically) or NH4* (r= -0.81), whereas in peanut such a correlation was
observed only in NHa4* fed plants (r= -0.83) . Leaf CI- levels were negatively correlated to stomatal
conductance in peanut (r=-0.89 and r=-0.77, NOg- and NH4*-plants respectively) and cotton (r=-0.88
and r= -0.95). The most interesting correlation was found berveen leaf K* level and stomatal
conductance, principally in peanut (r= 0.92 and r= 0.99, for NO3™- and NH4*-fed plants respectively). This
is not surprising in view of the importance of K* fluxes oﬁ stomatal opening in many species (25). Sodium



was the ion which correlated better with stomatal conductance in cotton, although negatively (r= -0.88
and r=-0.99, for NO3™- and NH4*-fed plants respectively).

Although NH4* and NOg3- elicited similar responses in peanut planis in the absence of salt, these
nitrogen forms interactad differently with salinity: a larger inhibition of shoot growth was observed in NHg*-
fed peanut plants than in NOg -fed plants. Ammonium-fed plants produced less dry matter than NO3-fed
cotton plants. Ammonium nutrition represented an additional stress for cotton plants. This compounded
stress by salinity and NH4*" may be due to a combination of several factors. Nitrate seems to be a better N
source than NH4* when growing plants under saline conditions. The main difference'between species
resulted from the ability of peanut te maintain a high selectivity of K* over Na* uptake at increasing NaCl
levels, a characteristic already observed in some salt-sensitive species (9).

Photosynthesis was affected by salinity only in cotton growing in relatively high salt concentrations. It
remains to be tested whether this decrease was due to salinity induced K*-deficiency. Photosynthesis
values by themselves are ha}dly a suitable parameter to evaluate the salt tolerance of plants. In long-ferm
experiments, salinity reduced biomass production is a result of a decreased leaf area at early stages of
plant development. After adjustment to salt stress, photosynthesis seemed to be fairly resistant to
salinity. At high salinity levels, the drop of photosynthesis may be due indirectly to reduced K*
concentration in the leaves which affect stomatal conductance.
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Table 1. Shoot and root growth of peanut and cotton plants grown on NH4+ - or NO3™-solutions and

different salinity levels. Within species, values In columns followed by the same letter are not
significantly different (LSD Test, P< 0.05).

NO3" NHgt
NaCl Shoot Roof Shoot Roof
(mM) (g dry welght plant-l) (@ dry welght plant1)
0 1.98a 0.55a 1.96a 0.48a
10 1.95a 0.45ab 1.65bc 0.37chs
20 1.95a 0.52a 1.77b 0.45ab
35 PEANUT 1.63b 0.46ab 1.54c 0.43ab
50 1.63b 0.44ab 1.74d 0.35bc
75 1.31¢c 0.39b 1.04d 0.39bc
100 1.11d 0.40b 0.8le 0.27¢
0 i.dla 0.25ub 0.73a 0.23a
50 1.36a 0.38a 0.56b 0.19a
100 0.84b 0.23bc 0.57b 0.18a
150 COTTION  0.75¢ 0.28b 0.47¢c 0.18a
200 0.50d 0.17cd 0.37d 0.10b
250 0.40e 0.16d 0.34d 0.09b
300 0.36e 0.11d 0.23e 0.06b
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Tabie 2. Content of N, K*, Na* and CI* In shoots of peanut and cotton plants grown with NH4"- orNOg”
solutions under differente salinity levels. Within specles and for each nitrogen source, values In
column followed by the same letter are not signlificantly different (LSD Test, P< 0.05).

N source NaCl (mM) N K* Na* cr
(mmoles . shoot-1)
PEANUT
NOj 0 4,70 201a 005a . 0.37a
10 490ab 1.80b 0.04b 0.51b
2 517b 1.84b 0.04b 0.52b
35 3.93c 1.52¢c © 005 0.52b
50 3.83c 1.27d 0.04a 0.54b
75 3.10d 1.068 0.04b 0.71c
100 2.640 0.93e 0.08¢ 0.94d
NHg* 0 5.01a 1.30a 0.04a 0.37a
10 409b 0.97b 0.02b 0.33a
0 457c 0.95b 0.03ac 0.37a
35 407b 0.82¢ 0.03c 0.28b
50 2.91d 0.56d 0.02b 0.25b
75 2.77de 0.460 0.04d 0.43¢c
100 2.49¢ 0.35¢ 0.16e 0.64d
COTTON
NOjg 0 3.66a 1.03a 0.10a 0.56a
3.80b 0.83b 0.51b 1.01b
100 2,05¢ 0.40c 0.91c 1.00b
150 1.96¢ 0.36¢ 1.11d 1.29¢
1.09d 0.24d 1.27¢ 1.36c
250 0.73e 0.24d 2,57 1.88d
0.68¢ 0.24d g 1.67e
NHg* 0 1.82a 0.30a 0.10a 0.42a
50 1.50b 0.23b 0.33b 0.39%
100 1.67¢ 0.18¢c 0.61c 0.57b
150 1.25d 0.13de 0.86d 0.78c
200 0.79e 0.11d 0.96e 0.99d
250 0.650 0.17ce 3.26f 1.48¢
300 0.45¢ 0.12d 1.89g 1.03d
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Table 3. Photosynthetic rate, transpiration rate, stomatal conductance and chiorophyll
concentration of leaves of peanut and cotton plants grown in nutrient solutions contalning NO3" or
NH4* and different salinliy (NaCl) levels. Within species and for each N source, values in columns

followed by the same letter are not significantly different (LsD Test, P<0.05).

Photosynthesis Transplration Stomatal Chloro-
N NaCl { (mmoles (mmoles tate (b). conductance phylis
source| (mMM)| m25Y) |g-lchI® |(mmol m2s )| (mmol m2sY)| (g m2)
PEANUT
NOjs’ 0 9.8a 18.2ab 13.6ab 1055a 0.53a
10 8.1bc 17.2a 14.2a 857b 0.47a
20 10.4a 20.9bc 12.6bc 863b 0.50a
35 9.4ac 17.6a 13.9a 973ab 0.52a
0 101a 19.2ab 1.1cd 657¢ 0.50a
75 7.9b 17.2a 12.0c 508d 0.44a
100 8.8abc 22,6¢c 10.5d 412d 0.34b
NHgt 0 10.2a 20.0a 11.6ac 870a 0.50a
10 9.4ab 17.3b 122a 709ab 0.53a
20 10.4a 21.2a 8.8bd 581bc 0.48a
35 10.6a 18.8ab 9.7bc 604bc 0.54a
80 10.1a 19.5ab 10.6c 489¢ 0.51a
75 9.0ab 18.8ab 8.5d 321d 0.45a
100 8.6b 24.3¢c 7.8d 266d 0.34b
COTION
NOj’ 0 7.2ab 24.4ab 13.0a 870a 0.29a
7.6ab 24.9a 10.5b 536b 0.31a
100 8.4a 25.1a 10.6b 5350 0.33a
180 8.0ab 24.1ab 1090 50¢b 0.33a
200 6.9b 21.4b 5.7¢c 285¢ 0.32a
NHg* | © 8.0a 231a 12.6a 718a 0.35a
7.2ab 19.8b 11.6ab (06ab 0.36a
100 5.9bc 14.7¢ 11.1b 516b 0.41b
180 7.0ab 16.3¢c 7.7¢ 265¢ 0.46b
200 4.8c 13.5¢ 6.2d 175¢ 0.36a
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summary

The Interactions between the form of nitrogen supplled (NH4* o} NO3™), NacCl
concentration and pH of the nutrieni solution were studied on wheat (Triticum aestivum L.
cv. Barkai) grown in hydroponics. Plant growth was affected by Increasing NaCl
concentration from 0 to 100 mM. Increasing the pH from 5 to 8 resulted In reduced growth of
NH4*-fed plants, but not of NO3~-fed plants, at all concentrations of NaCl applied. K*
concentration In the shoot was Inversely correlated with Na”, but directly correlated with
shoot dry weight. These correlations were affected, however, by the form of nitragen In the
nutrient media. The sensltivity of NH4*-fed plants to NaCl may be due mainly to the
decreased concentration of K* In the shoot.

Key words: Triticum aesttivurm, ammonium, ion Interaction, nitrate, salinity.
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Infroduction

The demand to use brackish water for irrigation Is lncrecslng'in lsrael and In other arid
regions of the world and has renewed the interest on plant nutrition and nitrogen fertilization
under saline conditions (see re'views by Kafkafi, 1984 and Feigin, 1985). The form of nitrogen
nutrition may exert a considerable influence on the mineral composition of plants (Kirkby
and Mengel, 1967; Kurvits and Kirkby 1980; Allen et al., 1985, According to Cox and
Reisenauer (1973), ammonium increased anion uptake whereas nitrate increased cation
concentration in wheat plants quite markedly. Changes in pH of the nutrient medium and the
type of nitrogen supplied affected lon uptake (Kirby and Mengel, 1967; Raven and Smith,
1976).

The pH of the growth media determines the solubility and avaliability of many nutrients to
the plant (Marschner, 1986). The complex interaction between all these parameters must be
understood while studying plant responses to salinity due to its effect on root growth per se
(Marschner, 1986) or the effects derived from differential ion uptake.

In this stucly we examined the interactions between of the form of nitrogen supplied, the
pH of the nutrient medium and its salinity (NaCl concentration) on different aspects of wheat
growth.

Materlals and Methods
Petit

Wheat (Triticum aestivum L. cv. Barkai) plants were geminated in vermiculite for seven
days and transferred then to aerated nutrient sclutions, eight seedlings to each 20-liter
contalner. Nutrient solutions contalned 4 mM nitrogen, either as (NH4)2504 or as Ca(NO3)2.
Additional components of the nutrient solutions were: 4 mM K*, 1 mM HoPO4~, 2 mM Ca?2*, 1
mM Mg2* and 2.5-4.5 mM SO4~ (NO3™- and NH4*-solutions respectively). Micronutrients
were supplled as prescribed In Long Ashton nutrlent medium (Hewitt, 1966) and iron was
provided as 4 mg. I'! Fe-EDDHA. Averages of dally maximum and minimum temperatures in
the greenhouse during the growing period were 19.3 and 7.5 °C respectively. In sunny days,
photosynthetic photon flux density was between 700-800 umol m-2s-! at noon.

Five salinity levels were provided as 0, 25, 50, 75 and 100 M NaCl. Ammonium containing
solutions were set to onesolutions were set to one of the following pH levels: 5, 6.5 and 8. The
pH of nitrate-containing solutions was 5, 6.5, 8 or 9. All treatments were repeated twice. The
pH of the nutrlent solutions was determined and adjusted daily with KOH and H2804. Nutrlent
solutions were changed weekly.

Dry welght of 56 days old plants was determined by drying at 70° for 48 h, Root length was
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determined according to Tennat (1975). Samples of the dry material were ashed in H2804 +
H202. analyzed for total (reduced) nitrogen with the Nessler reagent, Ca2* was litrated with

EDTA. CI” was extracted in hot water and measured with a chloridometer (Cormning Chloride

Analyzer 926). Na* and K* concentrations in the same water extract were determined with a
flame photometer .

Results and Discussion

Shoot and root growth .

Shoot dry welight deciined with increasing NaCl concentration of nutrient solutions
containing either NO3" or NHg*-nitrogen. (Fig. 1a). Plant growth also decreased with
Increasing pH, this effect being more pronounced in NHg4*-fed plants. Similar observations
were obtained by Alam (1981) with rice, in which optimal dry matter accumulation took
place at pHs between 5.5 and 6.5, which agrees with the resuits presented here. Findenegg
(1987) similarly observed a pH optimum between 5.0 and 6.0 for several species' grown on
NHg4*. The significative growth reduction observed in NH4*-grown plants at high pH could be
related to an specific NH3 toxicity effect due to the prevalence in the medium of NH3 at high
PH (pK=9.2) ( Bennet and Adams, 1970; Goyal and Huffaker, 1984). More recently, Findenegg
et al. (1989) have reported an increase of free NHg4* in sugar beet leaves when Increasing the
PH of the nutrient medium. These authors suggested that ammonium accumulation in
leaves could have been responsible for the growth deprassion registered at high pH.

Root dry weight (Fig. 1b) and root length (Fig. 1c) decreased with incraasing NaCl
concentrations as well as NH4* nitrogen in the medium. However, the number of root tips per
meter of root length (Fig. 1d) was relatively higher in nutrient solutions with NHa* suggesting
that NH4* Inhibited root elongation. Enhanced root length and root weight was observed in
cotton exposed to moderate salinity levels (Kurth et al. 1986). Devitt et al. (1984) reported
decreased wheat root weight induced by an increase in osmotic potential of the nutrient
solutlon, while the increase in Na* level within each osmotic potentlal led to a decrease in
root elongatlon. Root growth depression as a consequence of NH4* nutrition has been also
observed with other species such as cucumber (Schenk and Wehrmann, 1979), Plantago
(Blacquiere et al., 1987) and maize and wheat (Lewls et al., 1989). The precise effect of NHg*
on root elongation, however, remains to be studled. The relatively larger root growth
inhibitlon dutected In NH4*-fed plants under saline conditions compared to NO3-fed plants
may be related also to the reported Inhibition of NH4* detoxification under salinity due to
Inhibition of arginine synthesls (Lovatt, 1986).

The ratlo of shoot to root dry weight (Fig. 2) was no affected by pH over all the salinity
range studled. The shoot/root ratlo, expressed by the slopes of the different lines, was
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unaffected by pH In NO3 -containing media. The shoot/root ratio was higher but decreased
with pH in NH4*-grown plants. The higher shoot/root ratios exhibited by NH4*-fed plants was
the consequence cf the marked Inhibitlon of root growth observed in NH4*-containing
medla (Lewis et al., 1987, 1989). The effect of NH4* on the shoot/root ratlo may vary
according to the plant species (Blacquiére et al., 1987).

N, K, Na, Cl, and Ca ccncentrations In shoots

Nitrogen concentration in the shoot (Tabie 1) was slightly reduced by the increase in
salinity levels in plants grown in NH4* or in NOy", No effect of pH was observed on N
concentration (Table 1). Although neither salinity nor pH of the nutrient medium have a
marked effect on N concentration in the shoots, growth was limited by nitrogen uptake and
assimilation. In foct, a high correlation between shoot growth and nitrog=an concentration
was found In NO3™ - and NHg4*-fed plants (1= 0.84, P<0.01, and r= 0.56, P< 0.01, respectively).

Potassium concentration in the shoots was reduced by increasing NacCl levels in solutions
containing elther NO3™ or NH4*. Cramer et al. (1985) have shown that Na* displaced Ca?+
from root membranes and increased efflux of cytosolic K*. Silberbusti and Ben-Asher (1987)
have reported competitive inhibltion of K+ uptake by roots under high Nat levels.
Ammonium-grown plants showed lower K+ concentrations than NO 3" -grown plants, and the
highest pH (l.e. pH 8) used in these experiments resuited in a censiderable decrease of K*
uptake. Reduced K* uptoke in NH4*-fed plants has been frequently reported (Haynes and
Goh, 1978; Gashaw and Mugwira, 1981; Blacquiere et al., 1987; van Beusichem et al., 1988).
Ammonium inhibition of net K* uptake has been shown in other plant species (Bloom and
Finazzo, 1986; Vale et al., 1987; Topa and Jackson, 1988). Ammonium nutrition would affect
catlon uptake as a consequence of the intraceliular buffering mechanism which maintains
electroneutrality by a net efflux of H* and reduced intake of K+ or Ca2+ (van Beusichem et
al., 1988). Potassium concentration in shocts of plants fed with either nitrogen form at the
highest salt levels (l.e. 75 and 100 mM NaCl) wos below the critical level for K* deficiency
indicated by Rama Rao (1986).

High NaCl! concentrations and high pH In the nutrlent medium resulted in an increase In
Na+ and CI' uptake. We observed the minimum level of Na* and CI- In shoots generally at
pH 6.5. Findenegg et al. (1989) reported higher Ci uptake by sugar beet plants with
increasing pH. In our experiments, the highest concentration of Ci' in plants was obtained at
the highest pH and NaCl level and may be the result of enhancea CI uptake generated by a
Cl-/OH- antlporter as suggested by Jennings (1984), superimposed to a concentration
effect due fo limited plant growth, The increase of the Na*/Ca?* ratlo in the solution by NaCl |
may result in Increased permeabillity of the root membranes to Na+ and CI* due to loss in
membrane selectivity (Greenway and Munns, 1980).

Calcium concentration in shoots decreased with increasing pH in NO3™-grown plants.
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Calclum level was curvillnearly affected by pH In NH4*-grown plants, with a minimum at pH
6.5. Decrease of Ca2+ uptake under low pH in the growth medium have been reported for
other plant species (Ingestad, 1979; Aslam, 1981). .

Shoot growth of wheat piants cultivated in mediu with different salinity levels and pH
treatments was highly correlated with K+ concentration in the shoots (Fig. 3a). These results
could be exnected in view of the role of K* as the main osmoticum In plants mediating cell
expansion (Hslao and Laucnli, 1986). This relation was linear for plants drown on NO3" but
curvilinear for NHz*-grown plants. Shoot growth was logarithmically related to shoot Na*
concentration (Fig. 3b). A low substitution of Na+ for the roles of K+ in wheat plants would only
be expected in the presence of adequate K* levels (Flowers and L&auchli, 1983). An inverse
correlation between K* and Na* levels In shoots (Fig. 3c) was also observed. The slope of
the curves shows the variation In K+/Na+* ratio with increasing salinity level of the nutrient
medium, Lower K+/Na* ratio values are evident In NH4*-fed plants at tdifferent salinity levels
suggesting a limited capacity to maintain adequate K*+/Na* ratios In shoots. This ratio has
been considered a ciritical factor related to salt tolerance in several species (Greenway
and Munns, 1980).

Wheat growth might be Inhibited mainly by Na* accumulation in the shoot and its
competition with K* uptake. The Na* vs K+ competition was mainly restricted to these two
catlons in NO3~-fed plants. However, when nitrogen was supplied as NH4*, the pattern of
catlon uptake changed (probably through regulatory mechanisms of the Intraceliular pH)
resulting In depressed K+ and Na+ uptake. The highest pH caused a sharp increase in Na+
concentration in the shoots of NH4*-fed plants assoclated with a decrease in the shoot K+
level probably as a consequence of loss of selective properties In the root cell membranes.
Ammonium nutrition determined additional constraints to plant growth (through root growth
inhibltion, lower K uptake). Consequently, NO3™ seems o be a better nitrogen source than
NHg* In terms of plant tolerance to environmental stresses such as salinity and extreme pH

values in the growing medium,
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Table 1. Effect of nitrogen source (NO3~ or NH4*), sallnily and pH of nutrent solutions on
nltrogen, potassium, sodium, calclum and chloride concentrations In shoots of wheat plants
grown In hydroponics.

Nitrogen PH NacCl N K* Na* cq2+ cr
source (mM) - mmoles:
g ! pw
5.0 0 2.94 1.62 0.06 0.17 0.35
25 2.86 1.37 029 0.16 0.62
50 283 120 1.22 0.16 0.87
75 267 1.00 . 201 0.14 127
100 275 0.99 1.49 0.14 126 |
65 0 3.32 1.18 054 0.16 0.36
25 3.42 1.08 020 0.15 051
50 3.22 1.05 064 0.13 0.78
75 3.15 095 1.30 01 1.00
100 3.04 0.86 1.32 0.09 1.31
NO3~ 3.0 0 313 1.48 0.06 0.13 0.30
2% 2.86 1.31 024 0.10 0.54
50 2.74 1.12 093 0.10 0.88
75 273 1.01 0.88 0.10 091
100 249 083 1.06 0.10 0.87
9.0 0 3.19 1.20 0.04 .17 0.36
25 3.30 1.17 022 0.10 054
50 3.08 1.06 033 0.09 0.66
75 3.13 0.87 0.66 0.09 083
100 2.84 0.85 019 0.08 1.18
50 0 3.18 153 005 0.11 0.35
25 2.98 1.34 025 0.09 0.58
50 3.09 1.13 073 0N 0.88
75 2.74 0.96 1.55 011 1.62
100 2.46 0.75 2.40 0.12 239
NH4* 6.5 0 3.23 1.05 007 0.08 0.38
25 3.30 0.79 052 0.08 081
50 331 0.58 1.89 0.08 1.83
75 3.08 052 211 007 1.77
100 2.90 0.40 317 0.08 286 |
8.0 0 259 1.40 0.05 0.09 025 -+
25 2.9 1.32 019 0.09 0.46
50 2.75 1.10 1.28 0.11 091
75 255 093 1.62 0.10 151
100 250 0.79 141 0.10 1.50

LSDg o5 0.26 0.24 065 0.42 02 |




Legends {o Figures:

Fig. 1. Effect of nitrogen source (NO3" vs. NH4*), salinity level and medium pPH on wheat
plants grown In hydroponics: (a), shoot dry weight; (b), root dry welight; (c), root length; and
(d), root tips density. Bars represent LSD (P = 0.05) within each NaCl level,

Fig. 2. Effect of nitrogen source (NO3" vs. NH4*), salinity level and medium pH on the
relationship between shoot and root growth of wheat plants grown in hydroponics.

Fig. 3. Effect of nitrogen source (NO3" vs. NHg*), salinity level and medium pH on wheat plants
grown In hydroponics. Relations between (a), shooi growth and shoot K* concentration; (b),
shoot growth and shoot Na level; (c), levels of K+ and Na* In shoots.
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Summary

The Interactions between the form of nitrogen (ammonium or nlirate) supplied, NacCl
concentration and pH of ihe nutrient media were studied on wheat (Tritlcum aestivum L. cv.
Barkal) plants growing In hydroponics. The effects of these parameters on mineral content and
plant growth were reported in our previous puper (Leidi et. al., 1990b).

Neither photosynthaetic or transpiration rates were affected by salinity in the range of NaCl
concentrations used. Stomatal conductance, however, decreased with Increasing NacCl
concentrations In the medium. Chlorophyll content of the leaves of ammonium-fed plants
decreases with Increasing pH. This response Is more moderate in nitrate-grown plants,
Consequently, a difference Is observed between photosynthesis rates expressed on the basis of
leaf area or of chiorophyll content. The relative content of K* and Na* and its possible effect on
photosynthesls,transpiration, stomatal conductance, and the relationships with shoot growth are
discussed.

Key words: Triticurn assilvum, ammonium, nitrate, salinity, NaCl, pH, photosynthesis, stomatal
conductance, transplration.
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infroduction

The increased use of saline water for irigation has renewed the interest on mineral nutrition and
especially nitrogen nutrition under saline conditions (Kafkaft 1984; Felgin 1985), The form of nitrogen
supplied to plants may exert a considerable influence on their mineral composition (Kirby and
Mengel 1967; Kurvits and Kirkby, 1980; Allen et al., 1985). The level of anion intake was stimulated by
ammonium In wheat, whereas nitrate increased cation concentration In these plants (Cox and
Relsenauer 1973). Chcinges in pH of the nutrlent medium, in the presence of different forms of
nitrogen, also affected the uptake of ion by the roots (Kirby and Mengel 1967; Raven and Smith
1976). The pH of the growth medium determines the solubllity and availability to the plant of
numerous nutrlents (Marschner 1986),

In our previous paper (Leldl et al. 1990b) we report our studies on the effect of nitrogen form
supplied, pH and salinity on growth of wheat plants and on thelr mineral content. In this paper we
report on the effect of these factors on photosynthetic activity,water use efficiency and thelr
relations with plant growth in wheat ,

Maferials and methods
Petit

Wheat (Triticum aestivum L. cv. Barkal) plants were germinated in vermiculite for seven days
and transferred then to aerated nutrient solutions, elght seedlings to each 20-liter container.
Nutrient solutions contained 4 mM nitrogen, either as (NH4)2504 or as Ca(NO3)2. Additional
components of the nutrient solutions were: 4 mM K*, 1 mM H2PO4", 2 mM Ca2?*, 1 mM Mg2* and
2.5-4.5 mM S04~ (NO3™- and NH4*-solutions respectively). Micronutrients were supplled as
prescribed in Long Ashton nutrient medium (Hewitt, 1966) and iron was provided as 4 mg. I'! Fe-
EDDHA. Averages of dally maximum and minimum temperatures in the greenhouse during the
growing period wers 19.3 and 7.5 °C respectively. In sunny days, photosynthetic photon flux
density was between 700-800 umol m-2s-1 at noon.

Five salinity levels were provided as 0, 25, 50, 75 and 100 mM NaCl. Ammonium containing
solutions were set to one of the following pH levels: 5, 6.5 and 8. The pH of nitrate-containing
solutions was 5, 4.5, 8 or 9. All treatments were repeated twice, The pH of the nutient solutions was
determined and adjusted daily with KOH and H2504. Nutrient solutions were changed weekly.

Photosynthesis, transplration and stomatal conductance were measured in young and fully
expanded leaves using a portable Infrared Gas Analyzer (LCA-2 Analyzer, ADC), at atmospheric
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CO2 concentration and In the differential mode, at a constant radlation flux (500 pmol m~2-1
PAR). Chlorophyll was extracted from leaf discs in 80% acetone and assayed spectrophoto-
metrcally according to Arnon (1949).

Results and Dlscussion

The effects of NaCl concentration, pH of nutrient solutions and nitrogen form supplied to the
plants on their growth parameters and mineral composition have been reported In our previous
paper (Leidi et al. 1990b).

Photosynthesis expressed on a unit area bask was not affected by salt concentrations up to
100 mM NaCl (Fig. 1a) even when shoot dry mass (see Leldi et al., 1990b) and leaf area of the plants
decreased with Increasing NaCi concentration. These results contradict other reports In which
reduction of photosynthesis was observed In plants grown in the presence of NaCl ond attributed
to Increases In stomatal reslstance (Gale et al.,, 1947; Downton, 1977; Longstreth and Nobel, 1979;
Walker et al,, 1981) or the reduction In capacity of the photosynthetic machinery (Seemann and
Critchley, 1985; Seemann and Sharkey, 1986). However, In the long-term, leat adaptation to mild
salinity stress may be based on the adjustment of some metabolic processes, such as
photosynthesis, to stress. According to Gupta and Berkowitz (1988) chiloroplastic osmotic
adjustment may faclitate adaptation of the photosynthetic mechanism to water stress. There are
additional reports showing no significant response of photosynthetic rate to salinity (Kalser et al.,
1983; Plaut and Heuer, 1985; Terry and Waldron, 1986; Lewis et al., 1989: Leldl et al., 1990q). After
adjustment to salinity stress, an increase In photosynthetic activity was observed In wheat by
Kingsbury et al. (1984). we agree with Kriedemann (1986) who has pointed out, the extension
rather than the activity of the pnotosynthetic area Is the determinant of plant productivity. As a
result, although the rate of photosynthesls on the unlt area basis of wheat is not affected by
concentrations of NaCl up to 100 mM, the rate of photosynthesis of the entlre plant Is lower In the
presence of salt because of a limited expa.ision of the leaves.

Some authors have reviewed on the possible causes of leaf growth reduction by salinity
(Munns and Teermat,1986; Krledemann, 1986). Teermat et al. (1985) concluded that changes in
leaf extension would be determined by changes in cell wall properties. On the other hand,
Neumann et al. (1988) recently indicated that salinity affects growth rate by decrease In turgor.
One may also speculate that leaf expansion under saline conditions Is limited by the Intake of
nitrogen by the plants, which Is reduced in the presence of NaCl (Leld! et al., 1990b). A steady
supply of nutrients (N, P, K, Mg) Is Important for maintaining leaf expansion (Dale 1982). Enhancing
the supply of nitrogen to peanut plants Inhiblted by NaCl, caused a complete recovery of plant



Lo

growth (Sliberbush and Lips, 1988) since the uptake of nitrogen to the plant was renewed and
allowed full expansion of leaves as well as production of new ones. However, one should not
exclude the possibliity that the factors limiting leaf expansion under saline conditions differ with
plant species.

Chlorophyll concentration in the leaves (Fig. 1¢) decreased with NaCl as the pH of the medium
Increased. This phenomenon was more pronounced In ammonium than In nitrate-fed plants.
According to Mengel and Kirkby (1987) high levels of NH4*, K* and Ca%* restricts Mg2+ uptake and
Mg2+ deficlency results In lower chlorophyll content. The rate of photosynthesls on a chlorophyll
basls was actually higher in plants grown In the presence of NaCl (Fig. 1b). Similar effects were
observed In spinach by Robinson et al. (1983). One should assume that a considerable amount of
.leaf chlorophyll under non-scline conditions Is not actively involved In light-harvesting reactions
(Thornber, 1975). Consequently, the decrease of this non-active chlorophyill by saiinity does not
affect photosynthetic rate, resulting instead In an apparent Increase of photosynthetic efficiency
when expressed on the basls of leaf chlorophyll content,

Transpliration rate was unaffected by 0-100 mM NaCl, within the range of pH between 5 and 9,
when nitrogen was applied as nitrate (Fig. 2a). In ammonium-fed plants, transpiration rate
Increased with the pH of the medium and decreased with NaCl concentration. Stomatal
conductance in ammonium-fed plants, on the other hand, was decreased with increasing NaCli
concentration in the medium. This decrease in stomatal conductance was further enhanced by
high pH (e.g. pH 8.0) (Fig. 2b).

The lack of correlation between shoot K+ concentration and stomatal function observed In this
experiment was similarly reported for initial stages of K+ depletion (Hslao and Lauchli, 1986).
Sodium and CI- concentration In the shoots was negatively correlated to stomatal conductance
In ammonlum-fed plants (1= -0.52 and r= -0.49, P< 0.05, respectively), suggesting a higher sensitivity
because of lower shoot K concentration of ammonium-fed plants and the smaller effectiveness
of Na+ as a replacement of K* in stomatal opening (Hslao and Lauchli, 1986).Seemann and
Critchley (1985) also reported a negative relation between Ci- and stomatal conductance in bean
plants. Devitt et al. (1984) showed an increase In the diffusive resistance In leaves of wheat as a
result of a decrease in the osmotic potential. Based on the decrease In the diffusive resistance at
relatively low K*/Na* ratios, they suggested that the plants Improved thelr osmoregulation in the

presence of salt.

Water use efficlency (WUE) (the ratio of net CO4 assimilation to transpiration as recorded with a
portable infrared gas analyzer) reached a maximum at 75-100 mM NaCl disregarding medium pH
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and type of N used (dat not presented). Other reports have shown similar effects of salinity on WUE
(Rawson 1986; McCree and Richardson 1987; Lewis et al. 1989).

Photosynthesls was not correlated to stomatal conductance suggesting that the Intercellular
COz2 concentration (Cj) was not the limiting factor of photosynthesis under the conditions of these
experiments. Accordini to Hslao and Lauchli (1986), deficiency of K* as wall of other mineral
nutrlents can reduce transpliation affecting stomatal movement. This was the case only In
ammonium-fed plants ~t the highest pH level where a reduction of transpiration was recorded
when Increasing salinly level (Fig. 2b) and could be correlated with an important reduction in K*
level (Leldi et al., 1990b).

Photosynthesis tolerance to salinity may be due to the adjustment of the photosynthetic
machinery to salinity (Kalser et al., 1983; Plaut et al., 1989) at early growth stages. Transpiration rate
In our experiments was little affected by salinity, but not so stomatal conductanca. The relative
amount of Na* and K* was definitely the parameter whicn seems most related to plant growth
and production under saline conditions. However, the relation of thelr concentrations and growth
seems the final balance In the plant reaction to stress. The negative comelation between Na* and
shoot growth does not necessarlly Imply a negative effect of Na* on plant metabolism at the time
of sampling. In fact, no negative comelation of Na* and CI concentration on photosynthesls and
transpiration was observed. Both lons couid contribute to the osmotic adjustment without causing
any extensive and direct ham to metakclism. Photosynthesls adjusted to the full range of salinity
caused by concentrations of NaCl up to 100 mM and no Inhibltion of photosynthetic rate per unit
area could be observed. Salinlty definitely inhibited leaf expansion and subsequently total leaf
area per plant and blomass production. The growth reduction by salinity occuring at the Initial
stages of plant growth (through shori-term effects Inhiblling photosynthesls, changes In carbon
allocation and mechanisms leadir.g to a reduction in leaf expansion) restrict the future
photosyrthetic capacity of the salt-stressed plant and thus Ifs final blomass production.
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Legends of Figures:

Fig. 1. Effect of nitrogen source (NO3- vs. NHa*), salinity level and medium pH on wheat plants
grown In hydroponics: (a), photosynthesis per unit leaf areaq:; (b), photosynthesls per mg of
chiorophylli; and (c) chirophyll concentration. Bars respresent LSD (Ps 0.05) within each NaCl level.

FIg. 2. Efinct of nitrogen source (NO3™ vs. NH4*), salinlty level and medium pH on wheat plants
grown in hydroponics: (a), transpiration rate; and (b), stomatal conductance. Bars respresent LSD
(P= 0.05) within each NaCl level.



pH=5.0
pH=6.5
pH=8.0
pH=9.0
pH=5.0
pH=6.5
pH=8.0

b5



b6

A A I IO TSR
L} S T T Y T

100

NNNNNNNN ///////.//////////////////////Jn n
— __EF:::_:.::__:::-:::-_::::_:::::_:: ~

r////////////////////////////////A
LI UL s g a0

b
////////////////////////////////////;
L T

10

S 2-W Jowrl ‘SISIHINASTLOHY



47

A S A NSNS SIS SSSSSSSSY
CNNNNANNNNNRRNNNNNN, Y
I ST TN ©
N LLLLL Lol lll22272222727d "

(Ll e 220777777772,

SOONNINMANNTINSSS

_———

AN n

L T T T TR YO TN ~
VIGITIIOTIIIIIINISS

LLSSL/LSLSLLLSLL LIS 1SS

AN

RS S T S S S S S S S S S XS X
AR
I i v
P 227222022722 1N

YL L7

DA S SIS NS SRS
NN
USRI HITITHITIN ©
IO TOTITOIS

LSS LSS S/
A A )

[=4
[y}

A L
o (=] o

o >l
1-S Y2 1-6 Jouww 'SISIHINASOLOHd

UL TR I TR m Pl
VOGO ITITITIIITISS Q



L8

A IR
U T T
VOO TIPS

Py y T ]

100

TUNANUENNRNEN R RN R
IR
W LLLLLL22 227 d

oy Iy e

SLLSL/LLLSLLL LSS LS LSS LSS IS S SIS IS S A S,

75

D ANMNINNNN
_—
A A I IR RR RS
STHIHTHEER I

YOI TOTTITE

Y Yoo ]

VUL D 27777 27777 77 77 7A

S0
NoClL mM

as

DASSAINNSKNSN]

7////////////7/ﬁ////////////////////////4
ey HITNRHI RS BN g
VIO T ITITIOOIS
YT TS em e ]
TLLL LS LSS LS LSS LSS LSS SL SIS S S

'y 'y

1.0

0 * oy o
o o o o

2-4 6 "1AHdONOHD

008 g



49

AAA SN AAMNNNSSESSNSSS
e
A I R IERITIT’TTITRRERESS
U ST T G m
CLLLL L7

VO IIIIITIS,
ey Ty Te ]

LSS LSS LS LS LSS SIS LSS AL LSS LSS S S S A A s

A I R I R ITTIRTITRTITITIREEES
— W S T T T N

75

—————a A2
A A R T IR

L | ORI NI 011111
DOIIIIIOTITITITIISS

ey rtree e ]

LSS LS SS LS LSS LA S LSS IS S S S SIS LSS,

S0
NaCL mM

ARSI
— G I T Y T Y
Ll Ll l el 222072722727]

a5

ANRAINTRNNURITRNRNRUERURNRURORNN
— L T Y
PTITIITIES

© ULl L2027
ey Yoo ]

YLLSSLLLL LSS LTSS LS IS LS SIS I LSS 7SS
A A A A L ' ]

‘..b < 4V} o
..u.._._n.:_o.._.._.zEEmezép.



50

NNNNNNNNNNRNONNNNNNNNN =)
——t U ©
T
LS LLLLL LSS AL S S S /o

ASS A NNANN]

AN IR n
— THRIEinnen ~
Ll 222722727204
e T Yoo
L SLS LSS SS LSS SIS S S S S S SS L o

DSOS AN SN
NIRRT

TSI TV IOIIIS
LILLLSLLLS LSS S LSS SIS S S

AN A AN AN
AR in

Lamen B HTTHEHERHUTHBTOMEERI S R o

TIIOIIIOIIOIIITOIIION

/LSS VLIS LS SIS LS LSS S LS S ST SV TS/

DO A ARSI I N NN

AUNEENNNRNNNURINURNONNRNNN
— LTI I AT AT o
KL LLLLELL L L2222 7]

L/ SSLLLLLLS LSS LSS LS IS SIS LSS LSS S S 1SS S

s 4

n < ™ N - (-]

o o o o o <

1-S 3-W O°H 10W "JONVLIINANDD IWLIVKOLS

I DT N TG LT m -2
O



lerig Sci (1990) 11: @ -

Irrigation

Science
* Springer-Verlag 1990

51

Effect of NaCl salinity on photosynthesis, l“C—franslocation,
and yield in wheat plants irrigated with ammonium or nitrate solutions

E.O. Leidi* and S. H. Lips

Plant Adaptation Rescarch Unit. J. Blaustein Institute for Desert Research and Department of Biology.

Ben-Gurion University of the Negev, Sede Boger 84993, i.-uel
Received September 1. 1989

Summary. The effect of salinity (50 mM NaCl) on
wheat photosynthesis, transpiration, growth and grain
yield of plants growing in sand irrigated with nutrient
solutions containing different nitrogen sources (NO;
or NH{) is described. At this salinity level, little yield
decrease was observed although vegetative growth
was affected to a larger extent. Salinity induced en-
hanced translocation of assimilates from the flag leaf
to developing grains. No significant differences were
observed between salt-stressed plants irrigated with
either ammonium or nitrate. The nitrogen source
mainly affected kerne! growth rate and final weight,

The increased use of brackish water (3-8 dSi m™~ ')for
irrigation has resulted in a growing interest in the pos-
sible ways to increase yields under such limiting condi-
tions. Some authors (Kafkafi 1984; Feigin 1985) have
reviewed the effects of salinity on cation and anion
uptake considering the antagonism phenomena in ion
uptake mechanisms as the basis for reduction of de-
pressive effects of salinity through enhanced fertiliza-
tion. Others (Kingsbury eta'. 1984: Rawson 1986;
Schubert and Lauchli 1986; Robertson and Wain-
wrignt 1987) have studied the differes.tial responses of
genotypes to salinity, developing an alternative ap-
proach to overcome the decrease in yield caused by
this type of stress.

In the present report, we studied the effect of two
nitrogen forms (NH} and NOj) and NaCl (0 and
50 mM) on biomass and grain production, dry matter
partitioning, photosynthetic activity and photosyn-
thate translocation in wheat plants growing in dune
sand.

* Present uddress: UEI Fisiologiu Vegetal. Estacion Experi.
mental del Zaidin (CSIC). Aptdo. 419. E-180R0 Granada.
Spain

Irrigation Sciences

Mskr.. (N 3 3¢
K. Triltsch, Wiirzburg
{provisorische Seitenzahlen)

Materials and methods
Plant materiul and growth conditions

Wheat (Triticum aestivum L., cv. Barkai) plants were germinated
and grown in black polyethylene bags of sand irrigated with
nutrient solutions in a greenhouse until maturity. Ten seeds per
sand bag were sown of which 6 uniform plants were selected at
the second leaf stage. Plants were maintained as a single tiller by
cutting off secondary tillers throughout the entire life cycle,
immediately upon their emergence. The polyethylene bags
contained sand (10 kg) placed over a coarse gravel layer (3 kg)
and 8-10 drainage openings (6 mm diameter) at the bottom.
Maximum and minimum temperature averages during the
growth period (November to April) were 18.5 and 7.0°C respec-
tively. Nutrient solutions contained 4 mM nitrogen either as
(NH,),SO, or as Ca(NO,),. Additional cemponents of the
solution were: 3mM K*, 1 mM H,PO;.2mM Ca?*. | mM
Mg?™. and 1 mM or 4 mM SO~ (NOjy or NH; -based solu-
tions respectively). Micronutrients were supplied at the concen-
tration prescribed in the Long Ashton nutrient solution (Hewitt
1966) and iron as 40 mg Fe-EDDHA 1. These nutrient solu-
tions (each containing nitrogen either as ammonium or nitrate)
were combined with two salinity levels: 0 and 50 mM NaCl.
Plants were irrigated with tap water until the second leaf s1age
at which time supply of the nutrient solutions was started. Pots
were irrigated every 3 days with fresh nutrient solutions in excess
of field capacity to flush the sand of any residual “old" solution
to avoid salt and nutrient accumulation. Nitrification was not
avoided and nitrate was detected by analysis of sand samples of
ammonium treatments.

Determination of photosynthetic activity and transpiration
rate. The photosynthetic activity and transpiration rate of the
Nag leal were determined at different time intervals (83. 88. 96.
103.109. 116, 122, 125, 130 and 137 days after emergence) using
a portable infrared gas analyzer (LCA-2. ADC) connected to a
Parkinson's leal chamber at a constant light irradiation of
500 uE m™* s~ ! at atmospheric CO, concentrations.

'*C pulse and sampling

A plexiglass chamber 2 i 10 cm was attached to the middle part
of the Nag leaves. This chamber was connected to an air circula-
tion closed system into which 4 uCi of '4CO, were introduced
for a period of 15 min. Air through this system was recirculated
with a peristaltic pump. Photon flux at the chamber level was
400-450 uE m~* s~ ', After the 15 min of 14CO,-feeding the
unassimilated isolope remaining in the closed system was
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trapped in concentrated KOH. Leaf disks were immediately
sampled and placed in scintillation vials containing 1 mlof 0.6 N
solution of a surface-active organic base (NCS Tissue Solubiliz-
er) in toluene. The remaining plant parts were weighed and
frozen at —20°C for further analysis. After 24 h digestion. the
solution in the vials was bleached with 1 mi of a saturated solu-
tion of benzoy! peroxide in toluenc. After addition of standard
scintillation solution, radioactivity was assayed in a liquid scin-
tillation counter {1217 Rackbeta, LKB Wallac).

Distribution of '*C-assimilates was analysed in the follow-
ing plant parts: 5th and 6th (Nag) leaves. stems. glumes and
kernels. Samples were treated as described above. Frozen sum-
ples of the '*CO,-exposed area of the flag leal were taken to
analyse distribution of radioactivity in fractions soluble and
insoluble in ethanol as described by West et al. (1986). Two
difTerent experiments (each with 2 replicates in time) were car-
ried out to chase '*C-partitioning at different growth stages: (1}
a short-term chase following '*C-distribution at 0. 24 and 48 h
labelling at 3 and 4 days after full anthesis, and (2) a long-term
chuse pulsing 8 and 14 days after full anthesis analyzing the
plants 10 and 20 days afterwards.

Sequential harvests

At 8 difTercnt dutes during the growth cycle. 6 plants per treat-
ment were harvested each time and oven-dried (70 'C. 48 hi to

90 100 10 120

130 140

Days after emergence

determine dry weight. Dry samples of the different organs were
ground in a mill and digested with H,SO, +H,0, for further
determination of nitrogen (using Nessler's reagent) and K ™ and
Na* by Name photometry (Corning-EEL). A completely ran-
domnized design with 6 replications was used.

Results and discussion
Growth, grain vield and yvield components

The main differences between treatments observed in
dry mass accumulation by leaves and stems (Fig. 1)
were due to the NaCl concentration. At full anthesis
(81 days after emergence). plants grown in a saline
medium had lower dry weight (16--25% in the flag leal
and 20-30% in the stems) than those grown without
NaCl. Considering the nitrogen soure. ammonium-fed
plants had higher leaf dry mass than plants receiving
nitrate.

The final vield (as weight of kernels per spike)
(Table 1) was reduced by 5-20% depending on the
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Fig. 2. Growth rate (dry matter basis) of individual seeds from
plants grown on nitrate (NO,) or ammonium (NH,} with(+)or
without (~) 50 mM NaCl (in mg - seed~'). Each data point
represents the mean of six replicates

Table 1. Dry weight of spikes and kerncls and number of kernels
per spike in wheat plants grown with nitrate or ammonium with
or without 50 mM MaCl, Values in column followed by the same
letter are not sigruicantly different ILSD Test. 5% level)

Trcatment Spikes  Kernels  Number  Weight
(g) (] of kernels  per kernel
(mgi}
NO;i—)salt  SK8a 495a 82.0a 61.0a
NO, (+)salt  503b 190b 69.0b 56.7b
NH, (-)salt  582a 4.354b 64.2b 67.9¢
NH {+)salt  S17b 4.12b 68.3b 60.4a
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nitrogen source. Growth rate of kernels (Fig. 2) was
also affected by salinity and nitrogen form. Those
from plants receiving nitrate had the lowest growth
rate. The number of spikes per unit area is usually
considered the most important compenent of yield
(Leyshon et al. 1980). However. in our experiment
where single-tiller plants were used, the components
affecting yield were grain weight and number. Higher
vegetative growth observed in ammonium-fed plants
in sand resembled the results obtained by M. Silber-
bush and S. H. Lips (personal communication) when
using different ratios of ammonium to nitrate. How-
ever, in our single-tiller plants, ammonium nutrition
failed to produce a higher yield than nitrate-fed plants,
The reason fo. this discrepancy may reside on the
higher tillering capacity of ammonium-fed plants
which did not express itself in our experiments.

Salinity reduced total dry weight of spikes and
total grain yield but there was little effect on kernel
weight (Table 1). Similarly, Mass and Poss (1989).
studying sensitivity of growth stages of wheat to salt.
indicated that grain yield reduction caused by salt
stress resulted more from fewer seeds per plant than
from smaller kernels. Salinity depressed vegetative
growth more than grain yield these results agreeing
with those of Francois et al. (1986).

No effect of the nitrogen source on the final yield
of plants in saline conditions was observed. Under
non-saline conditions nitrate-fed plants gave a higher
grain yield than ammonium-fed plants. The higher
yield of nitrate-fed plants was due to a higher number
of kernels per spike whereas ammonium-fed plants
compensated for the lower number of grains by pro-
ducing a larger kernel size. Leyshon et al. (1980) did
not observe any influence of nitrogen form on average
seed size in wheat but reported a substantial increase
(46~75%) in the number of spikes in ammonium-
grown plants which determined the overall increase in
grain yield. Spratt and Gasser (1970). however. did
not find differences in the number of spikes per unit
area between both nitrogen forms. Other authors
(Bakr Ahmed et al. 1984) obtained higher yields in
ammonium-fed plants without indicating the main
yield component affected.

Photosynthesis, transpiration. and stomatal
conductance

Salinity reduced photosynthetic activity of the flag
leaf only in nitrate-fed plants (Fig. 3). Leaves from
ammoniumn-fed plants had lower photosynthetic rates
than those from nitrate-fed plants. although this re-
duced activity per unit area was compensated by a
higher total leaf area (data not shown). Salinity had an
inconsistent effect on the transpiration rate although
it frequently reduced stomatal conductance.
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¥4C-translocation from the flag leaf to the kernels
were studied through various pulse-chase experiments
(Table 2). There was a significant salinity-induced in-
crease in the relative proportion of '*C-assimilates
translocated to the kernels after both short- and long-
term chase periods. This observation agrees with the
slopes of the -urves of dry matter accumulation in the
grain (Fig. 2) for the different treatments. Ammoni-
um-fed plants showed higher rate of '*C-translocation
that may be attributed partly to the fact that these
plants were a little more advanced in ontogeny. start-
ing fowering 2-3 days prior to nitrate-fed plants. A
similar suggestion was advanced to explain differen-
tial translocation rates in soybeans (Pearen and Hume
1981).

Fritz et al. (1987) reported that salt stress reduced
the translocation of !'C-labelled assimilates to the
roots. Bhivare and Chavan (1987) observed in French

100 110 120 130 140
Days after emergence

Fig. 3. Photosynthesis, transpiration rate and stomatal conductance in the
flag leaf on wheat plants fed with nitrate (NO,) or ammonium (NH,) based
solutions with (+) or without (—) 50 mM NaCl. Each data point represents
the mean of 6 replicates. Bars indicate LSD values at 5% level

Table 2. '*C-translocation into kernels of wheat plants growing
with nitrate or ammonium with or without 50 mM NaCl. Values
represent relative content of the label in the kernel in relation to
the label in the rest of plant parts sampled: lcaves (from 3rd to
6th), stem, and chaff (includes all non-grain par’s of the ear). A
single plant per treatment was labeled in each experiment

Treatment Experiment § Experiment 2
24h  48h 24h  48h

Short-term chase

NO, (-] salt 239 55.9 4.1 724

NO, {+) salt 559 76.5 65.4 75.7

NH, (-~ salt 47.3 14.5 59.9 638

NH, (+) salt 748 82.9 594 64.5

10 days 20 days 10 days 20 days

Long-term chase

NO, (—) salt 63.2 602 805 93t
NO, (+} salt 79.5 900 960 977
NH, () salt 722 728 89.5 935
NH, (+) salt 9i.1 943 940 983
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bean that the transport of radioactivity in short-term
chases (1 h) from source to sink was adversely affected
by salinity.

Analysing the relative distribution of radioactiv-
ity between ethanoi-soluble and insoluble fractions
(Table 3). it appears that the proportion of label in
soluble compounds was higher in treatments with
NaCl. This situation may reflect an adaptative osmo-
regulatory mechanism as described by Greenway and
Munns (1980) although alternative explanations for
the phenomenon are possible. The production of
transfer carbohydrates, such as sucrose. precedes the
export of assimilates (Dale 1985) and is one of several
potential mechanisms for controlling carbohydrate
export (Geiger and Giaquinta 1982). Thus. higher
levels of transfer carbohydrates in salt-stressed plants
generated for osmoregulation could explain. from
another viewpoint. the higher translocation rates of
photosynthates to grains observed in these plants.

. Days after emergence

Nitrogen concentration and translocation efficiency

Concentration of nitrogen in the leaves and stems de-
creased as a function of time during the growth cycle
whereas the N content presented a parabolic pattern
following N accumulation in the grain (Fig. 4). Nitro-
gen content in the grain presents a typical cumulative
pattern. Nitrogen concentration in the salt-treated
plants was slightly higher although these differences
were not evident in the mature grains.

Nitrogen translocation efficiency and N harvest
index were calculated according to Cox et al. (1986).
No statistically significant differences were observed
in the efficiency of translocation or the harvest index.
This implies that our treatments (N source and salini-
tv) did not affect yield by affecting translocation rates
of nitrogen reserves. The capacity ol the flag leaf to
assimilate inorganic nitrogen has not been studied in
this work. but has been reported by Soares and Lewis



(1986). The fact that the flag leaf, contrary to leaf §,
does not exhibit aging characteristics (Fig. 4) on day
137 is in agreement with reports by Soares and Lewis
(1986). These investigators observed, using '*N-iso-
topes, active assimilation of nitrate and ammonium by
the flag leaf during grain filling and the immediate
translocation of '*N-organic nitrogen to the grains.
The flag leaf, therefore, may be an important provider
of carbon and nitrogen assimilates to the grain at a
time when the rest of leaves are in an advanced aging
stage.

Potassium and sodium concentration

Leaf K* concentrations (Table 4) were within the suf-
ficiency ranges presented by Rama Rao (1986). The

Table 3. Percentage of radioactivity in ethanol-soluble (EtOH-
sol.) and insoluble (EtOH-insol.) fractions after labelling (short-
term chase) in flag leaves of wheat plants growing with nitrate or
ammonium with or without 50 mM NaCl

Treatment Fraction Experiment 1 Experiment 2
24h 48h 24h 48h
NO, (—)salt  EtOH-sol. 387 364 421 343
EtOH-insol. 613 636 579 657
NO, (+)salt EtOH-sol. 415 394 448 376
EtOH-insol. 525 606 552 624
NH, (-)salt  EtOH-sol. 363 334 408 358
EtOH-insol. 63.7 666 592 642
NH, (+)salt  EtOH-sol. 383 351 442 381

EtOH-insol. 61.7 649 558 619

E.O. Leidi and S. H. Lips: NaCl and N source effects on wheat

small differences in K* concentration observed be-
tween nitrate- or ammonium-fed plants may be an
indication of the low interference of the laterionin K *
uptake when grown in sand. Potassium continued its
accumulation ia several organs {flag leaf, stem, non-
grain parts of the ear) when requirements for g’owth
were fulfilled, while its concentration in the kernels
was limited. This agrees with the reports of Martin
and Platz (1982) and Haeder (1982). Salinity seemed
to slow down this K* build up in the vegetative parts
of the plant (flag leaf and stem) and increase it in the
reproductive parts (chaff and kernels).

Sodium concentration was slightly higher in plant
parts from salinized nitrate-fed plants (Table 4). With
the exception of kernels, the remaining plant parts
presented an increase in Na* level with time.

Increased K* concentration in the chafT of spikes
from salt-treated plants and their higher levels of Na*
(Table 4) m:ay have contributed to the increase of the
sink-source osmotic gradient in addition to the solute
gradient incuced by synthesis of reserve polysaccha-
rides in the grain. Both processes may determine accel-
eration of assimilate translocation to the kernels as
was also suggested by Martin and Platz (1982).

Conclusions

Salinity Cepressed vegetative growth more than grain
yield. No differences in final yield due to type of nitro-
gen supplied were observed in salt-stressed plants.
Under outdoor conditions, with water stress effects
added to salt stress because of higher evaporative de-
mand, more extensive yield reductions may be ob-

Table 4. Concentration of potassium and sodium in different plant parts at different growth stages (mmol - g DW ~*). Values in
column for each growth stage followed by the same letter are not significantly different (LSD test, 5% level)

Stage Flag leaf Stem Chafr Kernel

K Na K Na K Na K Na
Flowering
NOjy (=) salt 0.62a 0.02a 0.67a 0.02a 0.350 0.02a - -
NO, (+) salt 0.57b 0.14b 0.62b 0.21b 0.25b 0.07b - -
NH, (=) salt 0.67¢ 0.024 0.62b 0.02a 0.32a 0.02a - -
NH, (+)salt 0.65¢ 0.15b 0.68a 0.15b 0.37a 0.05a - -
Mid-filling
NO, (=) salt » 0.49a 0.02a 0.62a 0.03a 0.25a 0.024 0.19a 0.02a
NO, (+) salt 0.62b 0.16b 0.67a 0.33b 0.34b 0.14b 0.18a 0.06b
NH, (=) salt 0.62b 0.02a 0.72b 0.02a 0.25a 0.03a 0.18a 0.03a
NH, (+)salt 0.57¢ 0.14b 0.83¢ 0.36b 0.35b 0.07¢ 0.20a 0.08b
Maturity .
NO, () salt 0.92a 0.04a 1.23a 0.05a 0.40a 0.02a 0.12a 0.02u
NOy (+) salt 0.82b 0.40b 1.08b 0.83b 0.57b 0.27b 0.17b 0.07b
NH, (=) salt 1.08¢c 0.04a 1.33¢ 0.04a 0.32a 0.03a 0.14a 0.02a
NH, (+) salt 0.93a 0.58b 1.07b 0.40¢ 043¢ 0.16¢ 0.15b 0.06b
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served and differential performance under each nitro-
gen form may occur.

In the present experiments, differences in total
grain yield due to nutritional N forms were due to
individual grain weight and number of seeds per spike.

Salinity induced an accelerated translocation of
assimilates from the flag leaf to the developing grains.
This effect was more pronounced in nitrate- than in
ammonium-fed plants. The enhanced availability of
labeled ethanol-soluble compounds (monosaccha-
rides) could partially explain the accelerated translo-
cation of recently fixed assimilates from the flag leafto
the kernels. An alternative, or additional, explanation
could be the build-up of K* and Na* in the non-grain
parts of the ear observed under salinity.
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MORPHO-PHYSIOLOGICAL RESPONSES OF TWO RICE
VARIETIES TO VARYING NaCl LEVELS
AND TWO NITROGEN SOURCES

J. F. Reano!, E. P. Pacardo!, B. T. Mcrcado! and S. H. Lips2

ABSTRACT

The morpho-physiological responscs of salt-sensitive IR-28 and salt-tolerant Nona
Bokra rice varicties grown hydroponically in five NaCl levels (0, 25, 50, 75, 100 mM)
and two N-sourccs (4 mM each of ammonium and nitrate) were investigated under
grecnhousce condition. Significant interactions among varicty, N-source and NaCl levels
were generally ebserved on the diffcrent growth parameters, photosynthesis, transpiration,
stomatal conductance and protein contents of shoot and root tissues. Increasing NaCl
concentration resulted to a marked reduction in shoot and root growth of both rice varieties
when fed with ammonium. However, growth of both nitrate-fed rice varieties were not
severcly affccted despite increasing NaCl levels. Photosynthesis, transpiration and
stomatal conductance did not diffcr significantly in both varicties at low NaCl levels ( 0 - 50
mM  regardless of N-source applicd. Slight increases in photosynthesis and transpiration
were noled al mild salinity level (25 mM NaCl ) especially for nitrate-grown Nona Bokra
varicty. Protein contents in shoot and root tissues generally increased in both varieties
under salt-stressed conditions.

~Key .words - Ammonium, nitralc, salinity tolcrance, Oryza sativa L., growth,
photosynthesis, transpiration, stomatal conductance, protein contents.

INTRODUCTION

Ricc ( Oryza sativa L.) has been generally classificd as a salt-sensitive crop
specics ( Maas and Hoffman, 1977 ). Several studies indicated that majority of the rice
varictics suffcred scrious salt injuries at an electrical conductivity of 8 10 10 mmhos/cm at
25 °C (IRRI, 1975 and Mercado ct al. 1974 ). However, it {ias been reported lately that
salinily tolerance of rice varics considcrably among varictics. Fageria (1985) calegorized
thesc varictics as tolcrant, moderalcly susceptible and susceptible ones based on dry matter
growth accumulation and yicld reduction.

Recently, there has been a growing intercst to breed salt-tolerant rice variety
adaptablc under saline conditions. The International Ricc Research Institute has been
actively involved in screcning and sclection of sall-tolerant rices for scveral years. Despite
the accumulation of good data, however, few studies were so far conducted on the
morpho-physiological behavior of differcnt varicties in rclation to salinity and nitrogen
nutrition.

The present study reports some of the morphological and physiological responses
of salt-tolcrant and salt-sensitive rice varictics to varying NaCl levels and nitrogen sources.

! Botany Department, Institute of Biological Sciences, University of the
Phillipines at Los Baflos, Collcge, Laguna 4030, Phillipines

2 The Jacob Blaustein Institutc for Desert Rescarch, Ben-Gurion University of
the Negev, Scde Boger Campus, Scde Boqger 84993, Israel
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MATERIALS AND METHODS

Sceds of salt-tolcrant Nona Bokra and salt-sensitive IR-28 rice varieties were sown
in vermiculite. The two-week old seedlings were transferred and grown hydroponically in
modified Long-Ashton solution containing 4 mM each of ammonium and nitrate.
Ammonium chloride (NH4Cl) and sodium nitrate (NaNO3) were the sources of NH4* and

NOj- respeclively. The concentrations of other macro and micro-nutrients added in the
medium were based on Long-Ashton solution (Hewitt, 1966). The pH of the solution was
maintained at a range of 5.0-6.0 using concentrated KOH or H,SO4 to adjust the pH.
Culture solutions were changed regularly every weck.The different trcatments were 5 NaCl
levels (0, 25, 50,75, 100 mM), 2 N-sources (4mM each NH4* and NO3- ) and 2 rice
varieties (salt-sens:tive IR-28 and salt-tolerant Nona Bokra). The experimental design used
was 5 x 2 x 2 facterial in Randomized Complete Block (RCB). Diffcrent growth data such
as leaf area, shoot length, shoot dry weight, root length, root dry weight and shoot: root
ratio were collected at final harvest i.c. 6 weeks after trcatment (WAT) application.
Photosyrthetic and transpiration rates as well as stomatal conductance of the longest,
youngest and fully expandcd leaves were measured using Parkinson's leaf chamber
attached to ADC infrared gas analyzer (Analytical Devclopment Corporation, Hoddesdon,
En‘gland) at atmospheric CO; concentrations in the differential mode and constant radiation
(PAR, 500 umol/m2/sec.). Root and shoot tissue samples were taken at 6 WAT for protein
conlent analysis. Protein assay was done [ollowing the Lowry method.

RESULTS
Morphological Responses

Highly significant intcractions among variclies, nitrogen sources and NaCl levels
were obscrved in all morphological paramelers gathered such as leaf area, length and dry
weights of shoots and rools ( Table ).

Shoot Length. A remarkable decrease in shoot length was noted in salt-sensitive
IR-28 varicty when grown in ammonium under NaCl-stressed condition. Shoot length of
salt-tolcrant Nona Bokra variety started to decline only at 75 mM and 100 mM NaCl
levels. On the other hand, shoot length did not vary significantly when both varieties were
fed with nitrate cven under NaCl-stressed condition (Figure ).

Root Length. Roots of both variclics were generally longer in nitrate-fed as
compared (0 ammonium-fed plants ( Figurc )- Nitrate-grown Nona Bokra tended to
elongate its roots faster under NaCl-stressed condition in relation to control plants. The
reversc holds true for nitrate-grown IR-28 variely. Nilrate-grown IR-28 had shorter roots
than control plants when grown in NaCl-stressed condition. Root length of both varieties
decrcased with increasing Icvels of NaCl when fed with ammonium - nitrogen (Figure ).

Shoot Dry Weight. Dry matter accumulation in the shoot of both varieties was
greatly reduced at increasing NaCl concentrations when supplied with ammonium -
nitrogen. On the other hand, nitrate - nitrogen stimulated dry matter accumulation in shools
of both varictics when grown at lower concentration of NaCl (25 mM). Beyond this
conccentration, shoot dry weight was much lower than in the nitrate-grown control plants
(Figure ).
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Figure 1. Morphological responses of two
levels and two nitrogen sources.
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Root Dry Weight. Dry accumulation ﬁattcms in the root behave similarly with that
of the shoot for both varicties supplied with either nitrate or ammonium under NaCl-
stressed condition (Figure ).

Leaf Arca. Therc was an increase in the leaf area of ammonium-grown Nona Bokra
at 0-50 mM NaCl. At a much higher NaCl levcls (75 and 100 mM NaCl), leaf area
declined abruptly (Figure). IR-28 varicty supplied with ammonium decreased markedly
with increasing concentrations of NaCl.” Leaf area of nitrate-fed Nona Bokra started to
declinc only at 50-100 mM NaCl. However, Icaf area of nitrate-fed IR-28 did not change
significantly with increasing levels of NaCl. '

PHYSIOLOGICAL RESPONSES

Photosynthesis. Ammonium-grown IR-28 varicty exhibited a slight increase in
photosynthetic rates at low NaCl level (25 mM). Both varietic: however, started to
decreasc their photosznthctic rates at NaCl levels higher than 50 mM. In case of nitrate
grown Nona Bokra, photosynthetic rate declined abruptly only at concentration higher than
75 mM. Nitrate-grown IR-28 exhibited much lower photosynthetic rates at 50 mM
(Figure ).

Transpiration. There was a slight increase in transpiration in all the treatments
except in ammonium grown Nona Bokra ( Figure ). This increasc was generally
observed at 0-50 mM NaCl. The transpiration rate of ammonium grown Nona Bokra
"decreascd slightly at 25-50 mM NaCl, reaching its peak at 75 mM then, abruptly dropped
to zero at 100 mM NaCl. The nitrate grown Nona Bokra, on the other hand, gradually
increascd its transpiration rate at 0-50 mM, started to decline at 50-75 mM and then levelled
off between 75-100 mM. The IR-28 varicly grown in either nitrate or ammonium increased
its transpiration ratc up to 50 mM only, aficr which transpiration abruptly dropped to zero.

Stomatal Conductance. A remarkablc increase in stomatal conductance was
observed in ammonium grown IR-28 from 0.50 mM NaCl. At higher NaCl levels,
stomatal conductance abruptly dropped to zero. On the other hand, nitrate grown Nona
Bokra had slight increase in stomalal conductance at 0-25 mM NaCl, then gradually
declined at 25-75 mM and finally levelled off between 75-100 mM NaCl (Figurcg. For
ammonium-grown Nona Bokra, stomatal conductance decreased gradually from 0-50 mM
then increascd between 50-75 mM. Beyond this level, it dropped abruptly to zero due to
complete wilting.

Protcin Conten!. Significant interaction cffects of nitrogen source, variety and

NaCl levels were observed in shoot and root protein content. The highest protein content

was assayed in ammonium grown Nona Bokra. As shown in Figure , there was a

roportional increase in protein content of ammonium grown Nona Bokra shoots with

increasing levels of NaCl. Opposite obscivation was observed for ammonium-grown IR-
28 variety.

The shoot protein content of nitratc-fed Nona Bokra increased only at 25 mM NaCl.
Nitratc grown IR-28 however, increased its shoot protein content with increasing NaCl
levels. The root protein content of ammonium-grown Nona Bokra did not differ
significantly in all the trcatments. The salt-sensitive IR-28 variety however, increased its
protcin content at 25 mM NaCl. A marked increase in protein content was observed in
nitratc-grown Nona Bokra. In the ni'ratc-grown varicty, the increase in protein content
was noted only at 50 mM NaCl.
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DISCUSSION

.., - The data presented here clearly indicate possible beneficial effects of nitrate nitrogen
under salt-stressed condition. This observation is generally true for salt-tolerant Nona
Bokra and salt-scnsitive IR-28 rice varicties. Scveral researchers rcported antagonistic
relationship between nitrate and chloride ions especially under saline conditions. Addition
of high concentration of nitrate can partially alleviate the detrimental effect of salinity on
plant growith by reducing chloride uptake (Kalkafi ct al, 1982). .

Onc of the most significant effects of ammonium observed in this experiment was
the cessation of root elongation especially in salt-sensitive IR-28 variety grown in
increasing NaCl levels. It appears thal ammonium becomes more toxic when lants were
exposed to salinity stress. The toxic cffccls of ammonium have already been documented
in some J)lants, such as, cucumber (Schenk and Y/ekrman, 1979), radish (Goyal et al,
1982) and tomato (Magal'als and Wilcox, 1983).

The dala reveal that modcrate salinity (25 mM NaCl) enhanced root and shoot
growth in both rice varieties. This is in agréement with the observation of Kurth et al.
(1986) in cotton. They explaincd this observation on the basis of an increase in cell wall
extensibility due to displacement of calcium from wall polysaccharides by sodium ions
during mild salt-stressed condition. Consequently, this favors growth processes to occur.

The resulls confirm the obscrvation of Sharma (1986) that the concentration at
which salinity brings about severe reduction in photosynthesis varies greatly in the different
plant species and varietics. The Nona Bokra rice varicty had higher salinity tolerance level
than IR-28 when applied with nitrate nitrogen. However, there was a sright increase in
photosynthctic rate of ammonium grown 1R-28 at 25 mM NaCl. According to Gale and
Poljako[f-Mayber (1970), low concentration of salts do not always reduce but may even
enhance photosynthesis especially among halophytes. This was also noted in non-
halophytes but relatively salt-tolerant plants like sugar bects (Hauer and Plaut, 1984).
Pcrhaps the results suggest that salinily tolerance can be increased possibly by manipulating
nitrogen nutrition (Silberbush and Lips, 1988).

The general trend in the transpiration rates of nitrate and ammonium grown Nona
Bokra are very similar to that of stomatal conductance (Fig. ). Itappears quite clearly
that stomatal conductance is more closcly associated with transpiration rather than
photosynthesis. The relationship between stomatal conductance and transpiration has
already been reported earlicr (Farquhar and Sharkey, 1982). This relationship indicates
that if the water vapor inside the Icaf is assumed to be the saturation pressure at the leaf
temperature, the reduction in water potential duc to salt treatments may affect the water
vapor gradicnt between Icaf and atmosphere. On the other hand, conflicting results were
reported in casc of photosynthesis. In cotton, for example, incrcase in stomatal and
mesophyll resistances have been reported to affect photosynthesis under salt-stressed
environment (Longstreth and Nobel, 1979).

Salinity gencrally increased shoot and root protcin contents of both rice varieties.
Singh et al. (1985) identified 26 kilodalton polypeptide being synthesized and accumulated
by unadapted cultured tobacco cells during, adaptation to NaCl. The same group of
workers (gingh ct al., 1987) tentativcly called this stress protein as osmotin which occurs
in two forms: an aqueous soluble form (osmotin I) and a dctergent soluble form (osmotin
1) in approximate ratio of 2:3. The existence of such stress protcins might also hold true in
rice cspecially in salt-tolcrant Nona Bokra variety during its adaptation to salt-stressed
conditions. Further studics on this aspect is thercfore being recommended.
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METABOLIC EFFECTS OF SALINITY AND NITROGEN-SOURCE
APPLICATION SCHEMES ON WHEAT (Triticum aestivum L.)

J. F. Reaiio! , E. P. Pacardo! , B. T. Mcrcado! and S. H. Lips2
ABSTRACT

The mctabolic clfects of nitrogen source application schemes on wheat (Triticum
aestivum L. cv. Barkai) grown in NaCl-stressed conditions were studied inside a
greenhousc. The different trcatments such as five ammonium/nitrale application schemes
and two NaCl lcvels (0 and 60 mM) werce laid out in 2 x S factorial experiment in
randomized complete block design with lour replications. Significant interaction effects
between nitrogen source application schemes and NaCl salinity were observed in shoot and
root [resh weights, photosynthesis, transpiration, stomalal conductance, lcaf protein
conlcnt and grain yicld paramelers.

The data gencerally indicate lavorable cffccts of combincd ammonium and nitrate
application on the over-all metabolic processes that would give higher grain yield in wheat
even under salt-stressed condition. The results also suggest that ammonium and nitrale are
betler sources of nitrogen at vegelative and reproductive stages, respectively. These
obscrvations hold truc for both salinc and non-saline conditions. Bigger and heavier grains
were produced by wheat grown in NaCl-stressed condition cspecially in the presence of
nitratc.

Key words: Triticum aestivum L., salinity, ammonium, nitrate, growth, photosynthesis,
transpiration, stomatal conduclance, watcr usc cllicicncy, protein content, grain yield

INTRODUCTION

Nitrate and ammonium arc the two major scurces of nitrogen that can be taken up
and utilized by plants. The potential capacity of plants to mctabolize these ions varies
considcrably according to plant species (Cox and Rciscnauer, 1973; Krajina et al., 1973;
Allen and Smith, 1986), and probably among variclics within cach species. The different
processes Icading to the assimilation of inorganic nitrogen to its organic form are quite
scnsilive to environmental stresses like salinity.

It has heen reported recently that salinity tolerance can be possibly increased by
adequate nitrogen fertilization (Silberbush, 1986). Lips and Silberbush (1987) observed
that salinity did not affect grain yicld of whcat grown in salinc medium supplied with
nitrale. Howcevcr, Leidi ct al. (1987), ecmphasized that nitrogen fcrtilization as a method to
cnhance tolcrance of plants to salts was more cflcctive in plants grown in hydroponics than
in soil cultures.

The basic explanation for the apparent amcliorative effects of adcquate nitrogen
nutrition has not been fully clucidated so far. Aslam ct al. (1984) stated that the
assimilation of nitrate, the predominant form of nitrogen availabie in an aerobic

I Botany Department, Institule of Biological Scicnees, Universily of the Phillipines at Los Bafios, College,
Laguna 4030, Thillipines

2Te Jacob Blaustein Institute for Desert Rescarch, Ben-Gurion University ol tlic Negev, Scde Boger
Campus, Scde Boxjer 84993, Isracl
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environment, is critical if plants arc to adapt, grow and reproduce in saline conditions. The
present study reports the cffects of nitrogen-source application schemes on the growth,
yicld and some metabolic processcs in salt-stressed wheat.

MATERIALS AND METHODS

- Wheal plants (Triticum aestivum L. var. Barkai) were grown inside the greenhouse
" during the winter period of 1987-88 in black polyethylenc bags containing 10 kg. fine
descrt dunc sand (Calcareous, Typic Torripsamment) on top of 3 kg. gravel. The newly
- sown sceds were irrigated with ordinary tap waler for two weeks prior to treatment
application. '

The diffcrent treatments such as five nitrogen source-application schemes and two
NaCl levels (0 and 60 mM) were laid out in 2 x 5 factorial in randomized complete block
design with four replications. The different nitrogen sourcc-application schemes ~ were:
4 mos. NH4% ; 4 mos. NO3~ ; 1 mo. NH4* + 3 mos. NO3" ; 2 mos. NH4t + 2 mos.

NO3- and 3 mos. NH4* + 1 mo. NO3-. Ammonium and nitratc were applied at constant
concentration of 6 mM at total duration of 4 months using (NH4)2S04 and Ca(NO3)2 as
nitrogen sources respectively. The concentrations of other macro and micro- nutrients were
oascd mainly on modificd Long-Ashton solution (Hewilt,1966). The pH of the culture
solution was adjustcd to a range of 5.5 1o 6.0 using cither concentrated KOH or H2SO4.

The culture solution mixturcs werc irrigated at ficld capacily every treatment

application. The frequency of application was two to thrce times or more per week

depending on the irrigation requircments of the plants. NaCl salinization was done
i g on g q plal

gradually during the first weck of trcatment application. Full strength (60 mM NaCl)

solution was applicd from the sccond weck onwards 1o the succeeding treatments.

The differcnt growth paramclcrs were gathered at vegetalive stage, i.e., two months
after the first treatment application. The growth data gathered were root length, root radius,
root fresh weight, root dry weight, shoot length, shoot fresh weight, shoot dry weight, leaf
area and number of tillers. Root length was mcasured by the linc-intersect method

67

(Tennant, 1975). Mcan root radius was calculated from the root fresh weight and the -

length, assuming the rools to be smooth cylinders and the fresh weight to cqual the volume
(i.c. root densily = 1 g cm=3).

Photosynthesis, transpiration and stomatal conductance were measured by the use
of Parkinson's leal chamber attached 1o an ADC infrared gas analyzer(Analytical
Development Corporation, Hoddesdon, England). Mcasurements were done an hour
before midday at an irradiance of 700 uE m=2 s-1, at a temperature of 28 C. and ambicnt
relative humidity of 35%. Water usc cfficiency (WUE) or transpiration ratio was
calculated by dividing transpiration (Tr) by nct photosynthesis (Pn). The protein content of
the longest and youngest {ully expanded Ical was determined following the Lowry method.
All paramclcrs such as pholosynthcsis, transpiration, stomatal conductance, water use
eflficiency and protcin content were gathered monthly for four months.

Hal( of the experimental plants were allowed to grow until maturity. Data on grain
yicld, number of sceds and seed weight were collected at the final harvest. All data were
analyzed statistically using the analysis of variance (ANOVA) procedure for F-test
described by Gomez and Gomez (1976). The treatment means were compared by using the
Duncan's Multiple Range Test (DMRT).



RESULTS

Vegetative Growth Paramclers

Shoot and Root Fresh Weights. Significant interaction between sodium chloride

(NaCl) and nitrogen (N)-source application schemes was observed only on shoot and root
fresh wcights. Howcver, NaCl salinization had rcmarkable effccts on all growth
paramcters cxcepl on root radius and shool/root ratio. On the other hand, the different N-
source application schemes affected all the parameters except shoot length, leaf area and
root radius (Fig ). Shoot and root fresh weights of wheat grown in NaCl-stressed

condition werc much lower than the control plants. The highest shoot fresh weight at.

unstressed condition (0 mM NaCl) was oblained in plants applicd with a combination of
ammonium and nitratc.

Shoot and Root Dry Weights. Regardless of N-source application schemes, plants
grown in NaCl-stressed condition had lower shoot and root dry weight compared to the
control. Application of ammonium and nitrate during the first and sccond months of

rowth gencrally cnhanced higher shoot dry matter accumulation. On the other hand,
increascd dry weight was noled in plants fed with nitrate alone (Tablc ).

Shoot and Root Length. As shown in Table , clongation of shoot and root was
markedly inhibited when plants were grown in NaCl-stressed condition. No significant
diffcrences were obscrved in shoot Icngth of plants trcated with different N-source
application schcmcs.

Lcaf Arca and Number of Tillers. There was a marked reduction in leaf area and
. number of tillers in NaCl-stresscd plants comparcd to the control ones. However, leaf area
did not vary in all the N-sourcc application schcmes. On the other hand, fewer number of
tillers were noted in nitrate fed plants irrespective of the NaCl salinization treatment.
Ammonium apparently enhanced the production of more tillers at vegetative stage of wheat
growth.

v Rool radius and Shoot / Root Ratio. Root radius of wheat was not affected by the

different N-sourcc application schemes and/or NaCl salinization. Likewise, NaCl
salinization did not alter the shoot/root ratio of wheat plants. However, different N-source
application schemces had significant effccts on shoot/root ratio. Higher ratio was obtained
in plants supplicd with ammonium.

Physiological and Biochcmical Parameters

Photosynthesis. Slight increasc in photosynthetic rate was observed in NaCl-
stresscd plants applicd with nitrate alone at two months after treatment (MAT) application
(Fig ? At 3 MAT, rates of photosynthesis were relatively very low. However, the
general trend was similar with the photosynthetic rates taken at 2 MAT. NaCl-stressed
plants had highcr photosynthetic rates than the unstressed ones fed with cither nitrate or
ammonium. All the rest of the treatments were comparable in both conditions. Likewise,
no significant variation in photosynthctic ratc was obscrved among the treatments at 1
MAT.

Transpiration. Salinized plants at 1 MAT had higher transpiration ratcs than the
control (Fig ). The transpiration ratcs at 1 MAT did not differ consistently among the
differcnt N-source application schemes in both growing conditions except for the
unstresscd nitrate-fed plants.
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Stomatal Conductance. As shown in Table | incicasing the concentration of NaCl
at 60 mM rcsulted to an increasc in stomatal conductance, irrespective of N-source
application schemes. The interaction between NaCl and N-source application schemes was
significant only at 2 MAT. Therc was a marked reduction in stomatal conductance of
NaCl-stressed plants fed with nitratc for 4 months. The rest of the treatments had
comparable stomatal conductance (Fig ).

Water Usc Efficicncy (WUE). At 1 MAT, watcr usc clficicncy generally decreascd
when wheat piants were grown in NaCl-stressed condition, except those unstressed nitrate-
fed plants. Similar trend was obscrved on WUE of plants at 2 MAT. The WUE did not
vary significantly among treatments at 3 MAT.

Leal Protein Coistent. Highly significant interaction effects between NaCl levels
and N-sourcc application schemes were noted on the leaf protein content of wheat plants at
1,2 and 3 MAT (Table ). The lcaf protcin content generally increased remarkably in plants
grown in NaCl-stressed condition.  This observation holds true for all sampling pcriods
cxcept on Icaves of nitrate-fed plants analyzed at 1 MAT (Fig ). On the other hand, the
highcst Ieaf prolcin content was determined in nitrate fed plants grown in unstressed
condition.

At 2 MAT, the leal protcin content was lowest in cither NaCl-stressed or unstressed
condition. NaCl-stressed plants recciving ammonium at 1, 2, 3 and 4 months duration had
similar lcaf protein contenl which was higher than the control ones. Under unstressed
condition, the leaf protcin content at 3 MAT increased with proionged ammonium addition.
Howcver, highest lcaf protcin conicnt was observed in NaCl-stressed condition fed with a
combination of ammonium an nitrawc, :.2., 2 months ammonium + 2 months nitratc).

Reproductive Growth Paraimeters

Grain Yicld per Plant. Grain yicld markedly decreased in NaCl-stressed plants
subjected to different N-source application schemes except those that were fed with
ammonium for 4 months (Fig ). In this casc, grain yicld in salt-stressed and unstressed
conditions werc comparable. The highest yicld was obtained when plants were sugplicd
with ammonium for first 3 months and then shifting to nitrate for the last onc mont , i.e.,
at grain-filling stage. Yicld tended to increasc when plants were fcd with nitrate at later
stages of growth cspecially under NaCl-stressed condition.

Number of Sceds per Plant. The general trend for the number of seeds was similar
to the giain yield per plant (Fig ). The only diffcrence was the higher number of seeds
obscrved in unstressed ammonium-fed plants comparcd to NaCl-stressed ones.
Furthermore, the number of seeds in al! zinmonium treated plants were comparable in all
the treatments. Nitratc-fed plants had the lowest number o, sceds in both conditions. The
increase in the number of sceds in plants applicd with ammonium alone for 4 months may
be duc to more number of tillers produced.

Avcrage Sced Weight. The average sced weight of cach sced dramatically increased
in all nitrogen trcatments when plants were cxposcd to NaCl salinity (Fig ). The highest
average sced weight was obtaincd in nitrate-fed plants grown in NaCl-stressed condition,
Unstressed plants applicd with ammonium alonc produccd smallcr and lighter sceds
compared 1o nitralc grown ones under the same condilions.
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Figure 2. Effect of salinity and nitrogen-source application schemes on
stomatal conductance, transpiration and water-use efficiency of
NaCl-stressed wheat.
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DISCUSSION

The data generally reveal the growth-inhibiting effects of NaCl salinity in wheat
plants especially at early vegetative stage of growth, irrespective of N-source application
schemes. This observation supports earlicr report on wheat by Asana and Kale (1965).
According to their study on four varietics of wheal, salinity depressed root more than shoot
growth and reduced tillering, lcaf size and shoot height. '

The results also demonstrate the importance of adequale nitrogen fertilization
schemes in order lo sustain growth of NaCl-stressed plants. Sharma and Lal §1975)
obscrved that increased application of nitrogen tended to mitigate the adverse effect of
increascd salinity on wheat crop grown in sandy and clay loam soil.

With regards to N-source application schemes, it seems very likely that a
combination of ammonium and nitrate would be more favorable for optimum growth and
dcvclopment of wheat plant. Cox and Reisenauer (1973) and Reisenauer (1978) reported
50% incrcases in both growth and yicld of wheat as a result of controlled ammonium
addition to nitrate (i.e., using different ratios of ammonium and nitrate feeding mixtures).
According to Hayes and Goh (1978), a possible explanation for these different growth
responses lies on the difference in the proportion of carbon allocated to nitrogen
compounds and the carbohydrates participating in energy storage and structural activities.

Onc of the most significant obscrvations in our study is the enhancement of root
and shoot elongation as a result of nitrate application throughout the growth period of
wheat. Furthermore, less number of tillers was observed in nitrate-grown plants compared
to ammonium-grown especially under NaCl-stressed condition. These resulls are in
agrecement with the findings of Lewis ct al. (1984) in wheat. The possible ameliorative
ellccts of nitratc in salt-stressed plants may be related to this morphological adaptive
response.

The data on the physiological parameters such as photosynthesis, transpiration,
stomatal conductance and watcr usc efficiency further confirm the favorable growth
response in the presence of both ammonium and nitrate in NaCl-stressed and non-stressed
conditions. Lcwis et al. (1986) showed that a combination of ammonium and nitrate would
favor higher photosynthetic rate morc than ammonium or nitrate applied singly. Stomatal
conduclance and transpiration followed similar trend. This means that increase in stomatal
conductance will Icad to increase transpiration rate.

Furthermore, the results indicate that salinity can stimulate some metabolic
processes like photosynthesis and transpiration rates especially if adequate irrigation and
proper nitrogen nutrition are maintained. This observation has alrcady been reported
earlier. Thc possible role of sodium on stomatal opening was studied by Devitt et al.
(1984). They studied the stomatal responscs of sorghum and wheat to different K+/Na+t
ratios of varying osmotic polentials. Higher transpiration rates at 1230 were consistently
on wheat plants grown in higher Na concentrations at each osmotic level. Interpolated Na
concentration in the plant tissues suggested that hiighcr Na ion accumulation in the upper
leaves coincided with stomalal response. This indicates that Na was also regulating the
stomatal mechanism at high Na concentration, indcpendent of the osmotic potential level.

A combination of ammonium and nitratc induced higher prolcin synthesis especially
in salt-stresscd plants. As reported earlicr by Cox and Reisenauer (1978), the presence of
nitrate would promote uptake of potassium jons. The increase in K uptake will probably
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inducc synthesis of specific proteins (Lubin, 1963; Blevins, 1985 and Heimer et al. 1986),
which may or may not play important role in plant adaptation to salinity stress,

Highcrfrain yicld was also obtained in plants supplicd with a combination of both
ammonium and nitrate in both NaCl-stressed and unstressed conditions. This correlates
well with previous observations or; wheat (Cox and Reisenauer, 1973; and Reisenauer,
1978). In our experiment, it scems that ammonium is a better N-sourr= at vegetative stage,
whilc nitrate becomes more important especially during the grain-fil ing stage of
reproductive growth.

It is interesling to notc the apparent beneficial cffects of salinity to nitrate application’

towards the reproductive stage (i.e., grain-filling stage) in order 10 increase ield even
under NaCl-stressed condition. This supporls the observation of Torres an Bingham
(1973). They fourd out in their sand-culture experiments that nitrate levels at early spike

emergence were closely correlated with grain yields in four wheat varieties irrespective of
NaCl levcls.

The data on average seed weight suggest that NaCl salinity induced the
reproduction of bigger and heavicr grains, regardless of N-source application schemes.
Lips and Silberbush (1978) reported that salinity enhanced the development (i.e. increase in
size ) of individual wheat grain in the presence of nitrate. This observation agrees with the
findings of Devitt, ct al., (1984). They obscrved that wheat plants accumulating the
highest concentration of sodium were the ones with the highest dry matter production anc
cvapo-transpiration rates. According to these researchers, sodium is effectively used in
osmorcgulation, thus, Icading to an improved water and nutrient status of the plant.
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EfTects of KNO3 on rice (Oryza satjiyi L) ircigated with saline water,
(Reano, Pacardo, Mercado and Lips)

INTRODUCTTON

The favorable ameliorative effects of adequate polassium [ertilization in
increasing tolerance of plants to environmental stresses like drought and
“salinity  have already  been  previously  documented  (Berlinger and
Trolldenier, 1979; Silberbush et al, 1985). In rice (Qryza sativa L.), sall
tolerance has been reported to be closely associated wilh the maintenance of
high K/Na ratio (HHedge and Joshi, 1974; Girivaj et al,, 1976: Panauitah, 1980).

“The potassium content of rice straw generally decreased with increasing
salinity Indicating antagonistic relalionships between Na and K transport
(IRRE, 1967; Panaullah, 1980). Na transport in salt sensilive variety (IR-28)
was higher than the line IR 2153-26-3-5-2 by four-lold at &1 mM K.

However, Ma uptake was depressed by increasing K to 1.0 mM (Elms et al,
1977).

Previous reports show that K lertilizalion is critical for planls growing in a
saline cavironment. Onc possible proposition from this obscrvation is that K
absorption is limiting under salt stressed condition, and increasing its
concentration in the medium would probably improve sall tolerance. This
stiuy reports the eftects ol KNOj tertilization on growth and nutrient uplake
of vice irrigated with saline water.

MATERIALS ARD METHODS

A pot experiment was conducted al the IBS greenliouse, Universitly of

the Phitippines at Los Banos (UPLB), College, Loguna, Philippines, from
January to April 1987,

The dillerent treatments were laid out in a 3 x 3 factorial in a
completely randomized design (CRD). The variubles were 3 salinity levels of
the irrigation water (0.60, 5.6, 10.6 mmhos/cm at 25°C) and 3 concentrations
of KMN03 (0, 60, 600 ppm).

The desired electrical conductivity readings were predetermined using
a portable conductivity bridge. Different dilulion of pure sea water (ECy 32
mmhos/cm at 250C) was prepared prior (o the trealment application.
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Salintzatlon treatimeits star ted al aboul 6 weeks afler seed sowIng In
pots conlaining 1.5 kg drled soll (I1aahas clay loam). The different
trealtments or solutlons were applled as frrigalion waler In equal volume,
fe, 5GO mlper pol. This was done regularly every olher day for a perlod of
llve weeks. The different cullural manageinenl praclices, e.g., fertilizatlon,
weeding, elc. were adequately provided during Lhe entire duratlon of Lhe
experiments.

The different growth paramelers galhered were shool length, rool
length, fresh and diry welght of rools and shools, and number of leaves and
flaweirs. Planl lissue analyses of mineral nulrrlent elements such as N, K,
Ca, g, Ha and CI were done followlng the procedures of Yoshlda et al., 1976,
The visual defictency or toxlcily symploms were also noled during the
growlh period.

the dala were ant\lyzod statistically using Anova, regression and
Lorrelation analyses.

RESULLS ALID DISCUSSION

Visual observatlons. The early effecl of sallnlly on rice Includes leaf
rolling which starts at the Up of the leaves. While leaf Lips and white
blolches were also observed In surviving leaves. Drying up usually slarts
with the alder feaves. The overall growlh of a rice plant Is slunled. Fewer
“Uers and rools were produced especially al higher salinily level In the
absence of KHO3z.

Previous reports show Lhal growlh responses of rlce plants vary
depending on Ils stage of growlh (I1aas and Hoffman, 1977; Castro and
Sabado, 1977; Panaullal and Ponnamperuma, 1980). Rlice s reporled to be
more lolerant during the germinalion slage; sensilive again  during
poltination and fertilizatlon and Lolerant at maturily (Pearson and Ayers,
F960; Pearson el al., 1966; IRRI, 1967). Conslderable variation In salt
Lolerance ol different rice varietles have already been noled (Flowers and
Yeo, 1901).

Growlh  The Interaction effects of sallnily levels and KNO3 were
slallstically significant on almost all growlh parameters measured except
rool fength and shool fresh welght . . The effecls of varying levels
ol waler salinily and KNO3 on he growlh of rice (var. JR-28) are
Shown in Fislie 4+ These lwo paramelers, however, were affecled by
sallnily levels alone.
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Growth In terms ot shool Iength, root tresh welght and dry welght of
tools and shools decreased wilh Increasing levels of salinily (Ffg.1..).
AddiUon of KNO3 Lo the medlum apparently enhanced Lhe loieance of rlce Lo
higher sallnily levels = The InhIbIlory effects of sallnily on growth
were mosl pronounced al highest sallnlly levets (10.6 mmhos/cm) In Uhe
absence of KNO3

Ihe growlh response apparenlly Indicale that 60 ppm KNO3 was
already sufficient to counteract the LoxIc effects of higher sall levels of
waler applled, e, 10.6 mmhos/cm. On Uhe olher hand, growlh of rice planls
-al a nwoderalely low salinlly level, le., 56 mmhos/cm was ©
comparable with the conlrol ones. Additlon of IKNO3 up Lo 600 ppm Improved
arowth in terms of shool lenglh, rool fresh welght, dry welght of shoots and
roots (Figurer 17).

Ihe above observallons supporl previous reports on Lhe Importance of
K nutrition to plants grown under saline conditions. Planls wlilh adequate
supply of K respond Lo sall -Induced waler slress wilh a qulck reduclion In
Lranspirallon rate.  On the olher hamd, in KK deflclent plants slomata are
often slugglsh and do nol close fully, causing high transplrallional waler
loss (Melson, 1978; Berlinger and Trolldemier, 1979).

Inrice, salt sodium Lolerant varieties/lines are generally observed as
efficient absorbers of K from sallne/sodlic solls (IRRI, 1978; Panaullah,
1980). Thus, high ratlo of K/Ha In leaves |s gencrally consldered Lo be a
beller Indlcalor of sall-tolerance In rice (Rana, 1977, Panaullaly, 1980; Gl
and Dutl, 1981).  Na*/K* rallos In hls experiments decreased wilh
Ihcreasing KHO 3 (Table 1)

_ A remarkable decrease In rool length and
shool fresh welghl of rice was noted with Increasing levels of salinity.
These observatlons Indicale the delelerious effects of salinily on growlh
and development of planls which can be generally categorized as waler
stiress, salt stress and lon hinbalance slress (Greenway and I'lunns, 1980;
fagerla, 1905).
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Figure 1. Effect of potassium nitrate on the growth response of salt-
sensitive rice variety IR-28 irrigated with different ievels of saline

water.

80



Tolal Nllrogen The tolal hltrogen content of rice shools did not vary
much In gy of Lhe Lreatments excepl for Uhe highest sallnlty levels (Figure
Q). There was amaiked decline in Uhe Lotlal nitrogen conlent of Lhe shool at
10.6 mmhos/cm salinity levels. Addilion of KNO3 apparently maintains the
Lolal nitrogen contenl stmllar Lo control plants. This observation supporls
! the fndings of llelal and Mengel (1979) thal additlon of K iced N-uplake
(total 1SH-conlent) and Incorporallon fnlo proleln, reduced the accumulalion
of Inorganic N and linproved the growlh of salinized plants,

Chlorlde. In_shool. Regardless of KNO3 concentratton, the amount of
chlarlde detecled In shool Lssues of rlce Increased with Increasing levels
of salinlly (Fiqurga),  Addilion of KNO3 (600 ppm) depressed Cl-
accumulatlon in shools. Plants growlIng In higher sallnity levels wilhout
KMHO3 accuinulaled more CJ- compared wilh plants supplied wilh KNO3.

he resulls furlher strenglhened the observallons on Lhe growlh
response of rice. Cl- lon has been Idenlifled as one of the Loxlic lons that
caused adverse inelabollc effecls. It has been assoclaled wilth (he
Inactivation of several melabolic enzymes. Sharma el al., 1984 reporled
Lhal Lhe poor performance of sall sensiiive variely of wheal (11D 4502) was
traced to he excesslve accumulalic of C17 lons In the shool Llssues.

Polasslum contenl A hghly significant Interaclion belween sallnlly
and KHO3 levels was noled on (he K conlenl of rice (Figurea), There was a
decrease In the K contenl of shools and rools In Lhe presence of salls.

However, addition of IKNO3 seems Lo favor more K accurnulated in shools and
rools.

Panauliah (1980) reported thal K contenl of rice generally decreased
wllh Increasing salinity levels stiggesting an antagonism between Na and K.
This also hudicates thal K Is essenlial In plants growling In a sallne
environment. In fact, several workers clalmed Lhat salt-/sodlum-tolerant
plants are generally efficlenl absorbers of K from sallne/sodlc solls

(Greenway, 1962; Rana et al., 1976, Rana, 1977; IRRI, 1978; Panaullah,
1980).

a0diun conlenl.  Accumulation of Ma In shools and rools Increased
almost linearly In sallnlzed medium wilhout KMO3. This Is clearly more
evident in rools ('F.gwt.l). llo'wever, Lhe presence of KHNO3 appears lo
depress tHa uplake. This Indicales Lhe antagonistic relatfonships belween
Ma' and K lons (Panautiah, 1900: Rana, 1977; IRRI, 1978).
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Greenway and Flunns, (T9B0) abservad that plant resistance Lo salinity
depends on (s ability Lo reslricl or prevent the enlry of Na Lo the shool.
Ihisrestiriction Is essenttal so thal Uhe lmportant melabolic processes, e.q.,
pholosynthesls, ATP synthesis are nol disducbed. Rice has been considered
as one of the planl specles wilh a “"salt excluslon” mechanism when grown
under saltne condiUions (Yeo and [lowers, 1904),

Calclim conlent. Mo definlle trend can e eslablished on Uhe uplake of
Caal varying levels of salinity and KMO3 (Fle .20 ) However, 1L seeins Lhal
Ca uplabe increases with Iereasing salinily, especlally in Lthe absence of
FHO3. This could also Indicale s possible linporlance in he role of planls
grovang Inosaline environments.  The beneflclal effecls of Ca on plants
sub Jected to sall stiessed conditions has been 1eporled carller (Lahaye and
Epsteln, 1969; Glldensoph arud Bavis, 1983, Fent and Lauchl, 1905;
Farchars, 1986)

Llagnestum_contenl. Generally, the trend for Iagnessium uplake Is
(uite stintlar Lo thal of calctum.  The concenlralion of Iy in shools and
rools Increased with increasing levels of salinily especially In lhese
tealinents withoul |7 (?.'? & .). i lurthy and Rao (1965) reporled stimulalion
of Ly uplal:e with increas ny levels of salinily.

Ha/land Ma/Ca Rallos  As shown In Tables 1 and & Uhe Na/Zk and
Na/zCarallos seemingly Increased wilh Increasing levels of salinily. This
was cledai ly observed i those Lrealinent's withoul KNO3,

U has been clearly established (hal holh Ca and 12 are requlred In the
arovthvmedium Lo matntaln the selectivity and Integrity of cell inembranes
(WynJones and Lunt, 1967). Calclum Is needed for sclect ve transpoi L of
tons ke | across membranes (Wyn Jones and Lunl, 1967). Ralns (1972)
emphasized that 1L Is even more iiapor Lant In a sallne environinent. Il has,
therefore, heen hypothesized thal high MasCa and Ha/lK rallos In saline
envivonment ay timpalr Lhe seleclivily of root membranes and lead to
passive accunulation of Ha i the rool and shool (Kramer el al, 1977).

Correlation. Analysls.  The relationsiips belween salinlly levels or
FHOL with different parainelers gathered were also eslablished by
correlation analysis. Salinily was negatively correlaled wlh shoot lenglh,
shool fresh welght, rool fresh welght, shool dry welghl and percenl lolal N
Inshool Chahle4). Only percent C1- Inrice shool was found Lo be negallvely
corsclated with KMO3. The rest of the parameters le., growlh and mineral
nutrients were found Lo he posit tvely correlaled with KNO3,
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Heets of KMOyon peanut (Arachis hypogaea L) irrigated with saline
waler. '

(Reano, Pacardo, Mercado and Lips)

Introduction

The detrimental effects of salinity on the physiological and bjochemical
processes of peanuts have already been reported. Charan and Kardtlge
(T9R0a) observed that chlorophyll conlent was mainly alfected by NaCl.
Ma2SO4 treatmeni resulied in a lower photosynthetic rate of decrease in €0z
lixation. This could be attributed possibly to the depression of chloroplast
metabolism in peanuts grown under salt-stress which eventually limit
prowth of the plants (Sanjeeva, Reddy and Das, 1978). Furthermore, NaCl
salinity aitered stomatal characteristics and behavior of peanuls. it changed

the percent distribution of stomatal lypes, [requency and index (Devi and
Rao, 1980).

Ferigation of peanuts with saline water containing NaCl or Naz504
resulled in a decrease in pod vield but increased lotal lipid content of seeds.
Silberhush et al, (1985), however, showed that salinity hazards in peanuts
cinhe reduced hy adequate KNOj fertilization. They claimed that the major
clfects of salinity on peanut was duce lo Na K interaction, .

In this study, we report the beneficial effects of KNO3 fertilization on
growth aned mineral composition of peanuts irrigaled with saline waler.

Materials and Methods

The elfect of KNOy on the growth and mineral composition of peanul
(Arachis hypogaea L. cv. UPL Pn 2) irrigated with saline water was studied at
the 1B5 Greenhouse, Universily of the Philippines at Los Banos (UPLLB)
College, Laguna, Pllilippines from January to April 1987,

The pot experiment was Iaid out in a 3 x 3 factorial in completely
candomized design (CRD) with two replications. There were Lwo subsamples
per teplication. The different variables include 3 salinily levels of irrigation
water (0.6, 5.6 and 10.6 mmhos/cm al 259C) and 3 concentrations of KNOj (0,
60, 600 ppm).

Dilferent dilutions of pure sea waler (EC 32 mmhos/cm at 25°C) and
oridinary tap waler (EC 0.5 mmhos/em al 250C) were prepared prior Lo
treatment applicaiton. The desired electrical conductivity (C) readings of



the previously mixed saline waler and KHO3 were predelermined using a
por Lable conduclivity bridge.

Sallnlzalion treatments started al aboul 6 weeks afler seed sowing In
pols conlalning 1.5 kg dried IMaahas clay loam soll. The different
realrents/solutions were applled as Irrigation waler In equal volume (l.e.,
500 mi/pot). Applicalion of solulion inixtures (saline water and KNO3) was
done reqularly every olher day for a perlod of 5 weeks. The different
cullural management practices llke fertilization, seeding, pol manageinent,
elc. were adequately provided during the entire perlod of the experlment.

The different growth parameters gathered were shoot fength, root
length, fresh and dry welghls of rools and shoots and number of
leaves/flowers. The mineral nutrient elements as N, K, Ca, Mg, Na and C1
were analyzed from tissue samples following the standard procedures of
Yoshida et al., 1976. The visual deflciency or toxiclty symptoms were also
noted during the growth period.

The dala were analyzed stallstically. Regresslon and correlallon
analyses were also done to detect the relatlonships of the different
paramelers gathered.

Resulls and Discussion

Visual observallons, The early Loxicily sympolom In peanuts Include
apparent Leinporary wilting which usually starts on younger leaves. This
was manifested by "cupping” of leaves. The leaves of peanut were waler-
soaked In appearance which eventually dried up especlally at very high salt-
levels (10.6 mmhos/cm) without KNO3. There was an extensive elongation
of few and fIner rools. This observation was hot noted for plants supplied
with higher KNO3 levels (600 ppm). iigher salinity levels reduced branching
and leaf productlon. The survlving leaves, especlally the new ones were
exhIbILIng Intervelnal chlorosls which reserbles that of Fe deflclency. In
severc cases the plant ultimalely dried up.

Orowlh, The effects of #2403 on Lhe different growlh parameters of
peanuts Irrigated wilh varyling levels of sallne waler are * ghvdh i
Fizy t. The Interaction effects of KHO3 and sallnity levels < .. :were
statlstically significant In all growth paramelers except dry welghts of
rools and shoots ’ . . These Llwo paramelers, however, were alfecled
by sallnily levels alone. : '
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~*Ingeneral, shoot length, shoot tresh welght, root fresh welght and
number of flowers decresed alrost Hnearly wilh Increasing salinity levels
wilhoul KHO3. Addilion of KNO3 apparently amelioraled the Loxic effects of
salls on growth. There seerns to he an Increase inroot and shoot fresh
welghts, shool length and number of flowers, especlally al 5.6 rnmhos/cm
and 600 ppm KMO3. AL higher sallnity levels (10.6 mmhos/cr), the
hencfictial efrects of KMNO3 are not very distinct. The root lenglh, however,
increased quite remarkably. -

The resulls generally conflrmed previously reported observatlions on
the slgnificant reles of K inplant adapation to environmental stresses llke
salinily. According Lo Lhe literature, Lthe blophysical and blochemical
funclion of K In different stages of plant growth and developmenl play a
vital role In plant adaplation to stresses. 1L directly participales In the
mechanism of stornalal movements, pholosynthesis and osmoregulatlory
adaptation of plants to stresses like salinily (Beringer and Trolldenter,
1979; Deringer, 1980).

Table -1 shows Lhat the effecls of KNO: alone was slatislically
significant only on shool dry welght of peanuts. Regardless of the salinity
levels Increasing the concentratlon of KNO3 favorably enhanced dry matter
accumulation In the shool. Agaln, this observation can be explained
partially by considering the mullifarious roles of i on the different
melabollc processes In piants (Evans and Sorger, 1966; DI Jkshoorn et al,,
19G). [Ikewise, addition of nilrate would also favor nitrogen retabollsm
tn plants grown In & saline environment.

Hilrogen. The Interactlon between sallntly and KrO3 was not
statistically significant. The same observation holds true for the effect of
KMO3 or sallnlly per. se . Based on this observatlion, It seems very
likely that peanut plants are not very responsive to added KNO3 since It can
fx almospheric nitrogen through symblotic relationship with Rhizoblum
baclerla (Hartin el al. 19706).

Chlorlde. The amount of chlortde In shools generally Increased with
Increasing salinily levels (Fiq & ), regardless of KNO3 concentratlons.
lowever, 1L Is evident thal addition of KMO3 seemingly depressed chloride
uptake Lo a constderable exten!. Addition of 600 ppm KNO3 appears to be
sufficlent enough to suppress chloride uptake even al higher salinity levels,
e, 10.6 mimmhos/cm. The Injurlous effects of excessive CI= accumulation on
growthy have been repor ted In several crops ke avocado (Bingham el al,,
tacd), grapevines (Bernsteln et al, 1965) and In frult trees of many other
woody plants (Bernsteln, 1979).
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Polassium. A highly signiticant interaction hetween salinity and KNO3
levels was noted on the potassium content of peanuts (R'a°f ). The general
trend indicates that the K content of shools decreased markedly with
increasing salinity levejs. The data also suggest a limited K uptake in the
bresence of excess sills. According to Kuiper (1984) NaCl salinity could
inhibit absorption and translocalion of ¥ including Ca. The anlagonistic
relationship of Na and K absorplion has also been reported in several crops
like rice (Panaullah, 1980: Elms el al, 1977).

Sodium, The sodium content of shoots and roots of )c:ﬁnuls increased
mivkedly especially in the presence of excessive sulls,\[’f' "lrend is similar
regardless of KNOg concentrations llowever, there was a slight decrease in
Na uptake when 60 pPpm KNO3 was added in the growth medium. This
abservation also indicates the possible Leneficial effects of K jn suppressing
Na uptake as reported carlier (Panaullah, 1980; Elms el al., 1977).
Silherbush et al. (1985) also claimed that the major effect of salinily on
peitnul was due 1o Na K interactions. In addition, Silherbush el al. (1985)
proved that the adverse elfccts of salinity on peanuts can be reduces by
adequale KHOy fertilization.

Calcium. The uptake of calcium increased signilicantly with increasing
salinity especially in those salinity treatments without KNO3 (FigA.).
Addition of KNO3, however, did nol Cituse much variation in Ca content of
peanut shoots. In rools, higher salinity (10.6 mmhos/cm) without KNO;
caused areduction in Ca concentralion in roots, Furthemore, Ca in roots
increased with addition of KNOy even at higher salinity levels. The dalta
apparently indicate the beneficial effects of Cain plants grown in saline
cnvitonment as previously reported by other researchers (l.ahaye and
Epstein, 1969: Gildensoph and Davis, 1983; Kent and Lanchli, 1985: Marchar,
1986).

Magnesium, the general lr&u(_l £Q)I Mg uptake in shoots of peanut
behaves similarly with that < 2a'ff 1¢ concentration of My in tissues
increased with increasing levels of slainii > withaul KNO3. According to

Murthy and Raa (1965) increasing salinity of (he growth medium could
resultin a stimulation in Mg uptake.

MNi/K Rago, The Mask ratios in shool and rools of peanuls are
presented in Table 3 Addition of KNGy in the medium gencerally resulted in
amarked reduction in the Na/ZK ratio in both organs scen al higher salinity
levels (HO.6 mmhos/em). The data supnests that 60 ppm KNOjy is appagenlly
sutlicient enough to alter the ratio. It has been previously, hypotlfsized that
higher Na/k ratio in saline environment can jmpair the selectivity of root

9



Table Effect of dilferent water salinity fevels on shoot and root dry
weights of peanuts (Var. UL, g 2).

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

.“»n/linily fevels Shoot bry Root hry!

(tmmhos/cm) wi{gm) wi (gm)
0.6 361 a 073 a
9.0 291 ab 0.46 b
0.6 2.21h 0.33 b

I Means followed by same letiers are nel signilicantly diferent according
to duncan’s Multiple Range Test (DMRT) at 5% level of significance,.

Table Q. Ellect of dilferent levels of KHO3 on shoot dry weight and rool Mg
content of peanul (Var, UPL Pn 2). '

KHO levels , Shoot dry Mg content (%)

(ppm) wi. (gm) in Root
0 2.25 a 0.26 b
)] 294 ab 0.42 a

600 3530 0.36 abh

I Means followed by same letlers are not significantly different accoring lo
duncan’s Multiple Range Test (DMRT at 5% level of signilicance.
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membrane and may lead to passive accumulation of Na in the root and shoot
(Kramer et af., 1977).

Correlation Analysis. Tuble 4 shows the relationships of salinitly levels
or KHO3 with the different growlh paramelers gathered as delemined by
correlalion analysis. Salinity was found o be negatively correlated with
shool leagth, shoot fresh weight, rool fresh weight, shoot dry weight, root
dry weight and of total N in shoo!. Root length of peanuts, on the olher hand,
was found to be positively correlated with salinity. This observation Is also
true for CI, Na, N and Mg uptake. Further more, KNO3 was found to be
positively correlated only with shoot dry weight.
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NITROGEN ASSIIAILATION OF PLANTS UNDER STRESS AND H'GH CO2 CONCENTRATIONS
Lips 8. H,, E. O. Leldl and M. Sliberbush

Most crop plants reduce thelr blomass production when growing In relative mild salinity (5 - 13 sl
m-1) . This was assumed to be due eliher to the limited abllity of these planls fo adlust osmotically
to thelr sallne environment or 1o the eneigetic cost of the osmotlc adaptation process (Yeo, 1983).
Duiing the last years an Increasingly large number of publications point out that this may not be the
case (e.g.: Teimaat et al, 1985) since planis readlly adjust osmotically to these salinity levels. The
Inhivitlon of blomass produciion by salinity Is probably due to a number of falling metabollc
processes each of which develops at different levels of salinlly according to thelr pdrllcular
sensitivity to salt. Once we define the physlologlcal characteristics of a glven crop, salinlty may be
applied fo enhance quallty and quantity of frult and seed productlion in the range of 0-10dsim-1.
This Idea will be preseried In relation to two central primary assimllation processes: ﬁptcke of
nitrogen and photosynthesls. :

Nitrogen uptake and assimllation under sallne condlfions.

Plants keep a fally constant concentration of total organlc nitrogen under most environmental
conditions (Leldi et al, 1989; Sliberbush et al, 1988). The amount of nltrogen taken up by the plant
determines the amount of blomass they will produce at standards predeteimined genetically,
Since CI" reduces nitrogen uptake, one may assume that salt-induced Inhibltion of nitrogen uptake
imlts growth. Nitrogen supplementation to some crops (e.g.: peanut, sunflower, cotton, malze,
wheat) prevents or limits sali-inhibition of growth. The sensitivity of different species

to salt Is reflected In the CI- sensiivity of thelr

g nitrate uptake mechanisms (Leldi et al, 1989).

< ® We  compared (Fig. 1) the ratlo of total N/CI In
.-‘_3 the plants as affected by the ratlo of NO3z/CI"in
E ° the nutrlent medium with salt-sensitive peanut

E 4 and with salt-tolerant cotton plants. Incre asing

= medium salinlty affects more rapldly the uptake
"Q' 2 of nltrogen by the sensitive than by the 1_oleront
o" specles. It should be possible, consequently, to
z

o R N R SO Improve nitrogen uptake by slightly Increasing

0 20 40 60 80 100 120 the NO3°/CI" ratio around the plant roots. When
Ci /NO; IN MEDIUM (M/M)

peanut plants are grown In cultures with 0-100

mM NaCl, plant growth Is raplidly Inhiblted (Flg. 2).
Figure 1: Nitrale uptake as affected by CI '



However, If plants growing In 60 mM NaCl, whose growth Is Inhiblted by 40 - 60%, receive In fhalr
nutrlent medium (sand) Increasing concentrations of KNO3 (Fig. 3), the growth of these'blonts Is
renewed and raaches rales higher than that of the contiols. It was observed that the overall
content of chiorlde by the plants remalned falily constant while the amourt of nitrate Increases
proportionally to growth (Fig. 4).
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Flgure 3: Growth of peanut plants grown in
NaCl as affected by KNO3 concentration

Figure 2: Growth of peanut plants as affecled by
60 mM NaCl. No fixed nitrogen added, good
nodulatlon.

We concluded that the salt-sensitivily of the rhizoblum siraln In pednut root nodules Is very
pronounced at even relatively low concentrations of NaCl. The addition of nitrate or ammonium
bypass the salt-sensltivily of the root nodules, reestablishos adequate nitrogen supply to plants
and the result s uninhibl*ed growth.
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Figure 4: Chloilde and nitrogen content of peanut
plants grown In 60 mM NaCl as affected by KNO3
concentration In medium.
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Photosynthesls and franspiration

Contrary to nitrate-uptake mechanisms, photosynthesls and transpiration are stable when plants
are irrigated with up to 80 mM NaCl (Fig. 4). This Is the case for both salt-sensitive and folerant
specles. The decreased growth of salt-sensitive plants Is not due, at the salinity range Indicated, to
salt-induced damage to the photosynthetic apparatus. This Is the case even when a
considerable decrease In extracted chlorophyil Is observed. '

Study case 1: Peanut production

Since the growth capocity of peanut plants was sensitive to salinity but.could be restored by
Increasing the supply of nitrogen (Fig. 2), we assumed that peanut production could also ‘ake
place under fleld conditions when Irrigated with saline water supplemented with nitrogsn fartllizer
(Silberbush et al, 1988). Flowering was greatly stimulated by sallnity (Sliberbush et al, 1988), even In
plants with good vegetative growth which did not show any stress symptoms. Sallnlty damage
signs (chlorotic and necrotic leaf areas) appeared In the crop soon after flov.ering at the time of
gynophore development. The end result of our efforts In the fleld at this slfage was that we were
obtaining large plants with enhanced flowering but lower ylelds of seeds. Gynophore
development was very sensitive to soll sallnity and mcst of them did not develop pods and seeds
when in contact with more than 100 mM NaCl. What was the reason for the salt-sensitivity of peanut
duiing the reproductive stage ? We are presently studying two alternatives: (a) the capdclty of the
root to disciiminate between CI and NO3" decreases during gynophore development and (b)
gynophores may take up lons from the soil In a way which introduces large amounts of CI Into the
plant.

As a result of these observations, best results can be achleved today by using saline water (6-10
dsi m‘]) during vegetative growth until flowering and continuing irlgation wlth good quality water
(up tol dsi m") during gyncphore development. The use of saline water lrrlgctlon during ths
vegetative stage enhances overall production of peanut seeds 70-90 % above ylelds obtained
with peanut plants grown with good quality water during ifs entlre life cycie. '

Study case 2: wheat production

The use of saline water Irlgation during wheai production differs from that used with peanut,
Nitrogen (especially ammonlum-nitrogen) stimulates tlller development while chioride inhibits it
(Leldi et al, 1989). Growth Inhibitlon of wheat by salinity Is due to the decrease on the number of tiller
produced and on the dry mass of single tillers. As a result, less and smaller grains are produced
(Sitberbush and Lips, 1989b). Adding nitrogen to the Irgation séllne water releases some of the salt-
induced Inhlbition of shoot growth but the effect Is less dramatic than In peanuts durlng the
vegetative stage. '

With wheat we learned that the type of nitrogen supplied, howaver, seem; to affect the extent of
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mobllization of assimliates to filing grains (Botella et al, 1989). Nitrate, but not ammonium-nitrogen,
stimulates assimilate transiocation from leaves to ears In plants irrigated with saline water (Figuro 5).
Supply of nitrate, under saline conditlons, causes production of larger gralns (Sliberbush and Lips,
1989b). Translocatlon of recently photosynthesized 14C-assimilates to the grains Is stimulated hy
salt (Leldl and Lips, 1989). While nitrate-fed plants translozate assimilates to the gralns, ammonium-
fed plant allocated most of its carbon assimilates to developing young tlllers (Fig. 6)(Botella et al,,
1989).

From here one may conciude that wheat irrigated with good quallty water and emmonlum-
nlitrogen during vegetative growth, followed by sallne water (50-60 mM NaCl) and altrate, may
produce a better yleld of graiih than wheat grown on good quality water throughout Its eritire growth
cycle. In this case the combined effects of nitrate-nitrogen and salinity during the grqln flling stage,
may result in an increased production of grain blomgss.
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Figure 6: 14C-allocation to ears as affected by ihe Figure 7: 14¢C.allocatlon to young tillers as
affected type of nitrogen fed to wheat plants. by the typa of nltrogen fed to wheat

plants,

Recent work by Berliner et al. (1986) indlcates that placement of nitrate In deep layers of soil (about
0.80-1 m deep) promotes wheat root proliferation In this layers. Deep roots allow the plant to use
larger amounts of soll molsture In areas where its supply Is limited to seasonal rains.

Atmospheric CO2 concentration and the effects of NaCl on bloinass production _
Salt-tolerant and salt-sensitive sunflower plants growing In atmospherlc CO9 concentrations (340

ppm) respond to relatively low concentrations of NaCl (10-25 mM) by reducing thelr growth to some
extent. However, when these plants are placed in 1200 ppm CO2, the same low concentrations of



NaCl will stimulate growth to a large extent (Figs. 3 and 9). Since total nitrogen concentration In the
leaves remains constant under all treatments, then the salt-sensitivity of the nitrate uptake
mechanism could be also ~ functlon of carbohydrate supply to the roofs. The concept of stress Is,
therefore, very much a relative function of environmental conditions.

We are presently studying varlous ospects of the possible mechanisms involved on this NaCl-
stimulation of growth, such us Na* and CI- distibution and compartmentation, K+ requirements of
the plants under high CO9, efc.
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Figure 8: Dry mass production of sunfiower plants Figure 9: Dry mass production of sunflower
grown [n ammonlum nitrogen as affected by CO2 plants grown In nitrate nltrogen as

and NaCl concentrations. affected by C0O2 and NaCl,

Determination of sink prlorities by salinity In nitrate- and ammeonium-fed plants -

Wheat plants well supplied with nitrogen develop new tlllers even when graln of older fillers Is at the
flling stage. Nitrate-fed plants produce most or all of its tlllers during a limited period of time, mostly
during the vegetative stage. During the second perlod of grov/th, carbohydrate and nltrogenous
reserves of the leaves are transported exclusively to the fliing grains. In this 'way, a large '
percentage of tlllers produces mature ears. Ammonlum-fed wheat produces tlilers during the
entlre life cycle of the plant. A smaller percentage of the total number of ﬂllers produced wlill bear .
ears and not all of the latter will mature before the onset of plant senescence (Botella et al, 1989).
' Salinity stops development of young tillers and enhances translocation of assimiiates to the seeds,
both procesces are also typical of nitrate-fed wheat plants. The combination of salinlty and nitrate
produce more efficlent plants In the sense that assimllates will be Invested totclly on grcln
production and none on the generation of late tillers whose ears will not mature.

These observations confirm our work (Sliberbush ‘and Lips, 1989b) in whlch we reported the
production of larger seeds by wheat plonts impoted with saline water and n_ltrote as compared with



plants recelving saline water and ammonium.

Crop production and salinity

Brackish or saline water with electroconductivities up to 13 d$ m-! constitute frequently the maln or
only water resource for agriculture in extensive and and desert areas of the world. Even In more
humid regions, high water tables, inadequate use of inigation or excessive pumping frorn well in
costal areas, may cause salinization of the medium In which crops are produced. At this lower
range of salinity, nitrogen and potassium fertilization are especially Important. Nitrogen can
counteract, at this range of electroconductivity, much of the growth Inh'lblﬂon Induced by salt
when It Is provided In adequate amounts, forms (amfnonlum or nitrate) and timed to specific
development stages of the plants.

At higher salt concentrations, the mounting EVR:T%(ISH |
number of metabollc processes affected
by sallnity cannot be conected or 1

alleviated by enhanced nitrogen
fertlization (Fig. 10).

Plants respond to sallnity in different ways 'E(IZJ!?A%JCEB'IIENT
since different developmental processes Yo ’
are affected. At this stage of our 0.8

awareness of the Interaction between NaCl
and different metabolic processes of the
plants we may have to devise different
strategles for each crop. Salinity not only

Inhiblts physloiogical plant processes

8 o
(nltrogen uptake, chlorophyl!l synthesls, ELECTROCONDUCTIVITY (dsl m-1)
tiler induction, Na-flxation) but it stimulates

others (flowering, nitrogen uptake under high Flgure 10: Response of a salt-sensitivity plant to
Increasing salinity and additional KNO3.

COy, assimilate translocation tc frults and seeds). By alleviating some of the more salt-sensitive
processes while stimulating others, we should be able to use sallne water (4-10 dsi m*1) to produce
better ylelds, ‘ '

One can express this assumption In terms of the well known salt-sensitivity Maas and Hoffman
(1977) plot (FIg. 10). Wheat produces 50% of its grain potentlal yield (Y,) when irrigated vQIth waterof
5 dst m-1or appioximately 50 mM NaCl. When we add to thls waier KNO3 the range of
electroconductlvity in which normal yleld: are obtained inay be extended from 2 to about 7 dsi
m-1, Since other physiclogical systems (such as photosynthesls or nltrqte reductase) are not
alleviated by adding KNOg, yleld production will cease In both cases orouﬁd 9 dsi m-1, In tivls case



we extended the full yleld range of electroconductlvity (EC), sufficlently to use locally abundant 5
dsl m-1water, although the survival Iimit oi the plant to salinity has not changed.

As our knowledge of ‘he dlfferent physiologiccl and metabolic’ processes affected by sallnity
Increases, a more universal model for crop production under saline conditions will presumably be
developed,
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ARSTRACT

Silberhush, M. and Ben-Asher, J., 1989. The effect of NaC! concentration on NO,-, K* and
arthophosphate-P influx to peanut roots. Scientia Hortic., 39: 279-287.

The effect of relatively low concentrations of NaC} on the vegetative growth of peanut (Arachis
hypogaen 1..) plants appeared to be due to its disruption to nutrient uptake. The specific effect of
NaClon the uptake rate of NO,~, K* and arthophosphate-P was studied in solution culture, The
influxes of the nutrients were cnlculated according to their depletion in the solution, and the
parameters for the Hill Kinetics for low concentrations were calculated as: I=I,.,C*"(K*+C"),
where I, =net influx, I,,,, = maximal influx, C= concentration, K =the apparent Michaelis-Men-
ten coefficient, and h=the Hill cooperativity index. The reduction in ion influx was greatest for
K*, followed by NO,~, while phasphate influx was not affected by NaCl. All three parameters of
the Hill equation for K* influx were affected by NaCl conceutration: I ... decreased to about one-
third, while the value of X tripled and h doubled, when N&Cl concentration increased from 0to
75 mM. /... of NO, influx was reduced by 40% because of the same {ncrease in NaCl concentra-
tion. The other two parameters were unaffected. The results confirm previous results that low
concentrations of NaCl disturb the nutritional balence of plants, mainly by Na*-K* competition
inuptake, and to a smaller degree, by Cl-~NO, - interaction. The poosible iniplications about the
nature of ion interaction in uptake by the roots, derived frum the differéptial effect of NaCl on
the parameters of the Hill equation nre discussed. '

Keywords: Arachis hypogaea L.; Hill kinetics; nutrient uptake; peanut; salt stress; soiless culture.

Ahbrevintiona: h=Hill cooperativily index; I,.,.=maximal influx; I,=net influx; K=apparent
Michaelis-Menten coefficient.

INTRODUCTION

Peanut (Arachis hypogaea L.) is classified as a salt-sensitive crop {Maas
and Hoffman, 1977). Previous studies (Silberbush et al., 1985 ) confirmed this.
However, the sensitivity of this crop to salinity appeared to be due to the sen-
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sitivity of the reproductive organs, while the vegetalive growth is compara-
tively salt-tolerant (Silberbush and Lips, 1588). Furthermore, there is an in-
teraction between NaCl and K* or NO,™ in their effect on plant growth
(Silberbush et al., 1988). Such interactions between cations in a range of spe-
cies were studied for K* and Nu*, and Ca?* and Na* (Epstein, 1972; Green-
way and Munns, 1980; Liuchli and Stelter, 1982; Kawasaki et al.,1983; Singh
and Arbol, 1985). Similarly, the interaction between Cl- and NO,~ was stud-
ied (Kafkafi et al., 1982). ' '

The purpose of the present study was to quantify the effect of NaCl on the
uptake rate of the three major mineral nutrients (i.e. NO;~-N, K* and PO,-
P) in order to ident:fy the sources of disturbance caused by low concentrations
of NaCl to the vegetative growth of the plant.

MATERIALS AND METHODS

Peanut (A. hypogaea L. cultivar ‘Shulamit’) seeds were germinated in moist
paper towels for 8 days. The tap-roots were then trimmed, leaving 6 cm of root,
and each seedling was transferred to a 1-1 container with nutrient solution,
The growth solution contained 3 mM NO,~, 1 mM K*, 2 mM Ca%**, 1 mM
Mg**, 0.26 mM H,PO,~, 75 uM Fe?*-diethylenetriaminepentaacttic acid
(DTPA), and micronutrients according to Hoagland and Arnon (1950). The
pH was adjusted to 5.5 with a Ca(OH), solution. Five days later, NaCl was
added to the suli-treated containers in daily increments of 12.5 mM. The final
NaCl concentrations were 0, 25, 50 and 76 mM, in 4 replicates arrayed ran-
domly in a growth chamber. The temperaiure was kept constant at 25°C, with
daily photoperiods of 16 h. Iilumination was achieved by a series of cool-white
fluorescent tubes and incandescen’ bulbs. The nutrient solutions were re-
placed every week at the beginning, and tv:ice a week during the last 2 weeks.
The growth solutions were replaced after 29 days with 2 mM CaSO; solutions
(pH 5.5) and with the corresponding concentrations of NaCl for 2 more days
in continuous light; 80 xM NO,~, 100 uM K* and 20 uM H,PO,~ were then
added, and the solutions were sampled over the next 24 h. The samples were
stored in 5°C overnight, and anaj;zed on the next day for NO,~ (Szechrom-
NAS reagent, R&D Authority, Ben-Gurion University of the Negev, Beer-
Sheva, Israel), P (Murphy and Riley, 1962) and K * (flame-photometry). The
secondary ronts were separated from the shoots and the tap-roots, dnd their
lengths were measured by the line-intersect method (Tennant, 1976). Mean
radii were calculated from the fresh weight and the root length, assuming the
roots to be smooth cylinders and the fresh weight to equal the volume (i.e. root
density ~1 g.em~?*). Root length and mean radius were used to calculate the
root surface area, which was used later to calculate the influx rates of the var-
ious ions to the root surfaces.

An additional series of 14 plants was grown under the same conditions as
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the first series, but without NaCl. This second series was harvested during the
growth period, and root. lengths were measured as before. The root length data
were used to calculate a function of root growth with time which was needed
later to calculate ion influx to the roots from relatively high concentrations
(Silberbush and Ben-Asher, 1987).

The shoots and the roots were then dried at 60°C and ground. Shoot samples
were digested in H,S0,+ H,0, and analyzed for Ca*, Mg?* (titration with
EDTA), P (Murphy and Riley, 1962), and reduced N (Nessler reagent). Na*,
K* (Name photometry) and Cl- (by titration with AgNO,) were determined
in hot-water extracts of hoth shoot and root samples.

RESULTS

When NaCl concentratinn increased, shoot dry weight decreased, but root
dry weight was not significantly affected (Table 1). Root length, on the other
hand, increased and root mean radius decreased with the increase of NaCl
concentration. As a result, root surface area did not change significantly.

With increasing NaCl concentration, in the shoots N decreased, P increased,
K* was unchanged, while Na* and C1~ increased (Table 2). Concentrations
of Ca’* and Mg?* were unchanged. In the roots, K* decreased and Na* and
Cl- increased when the plants were exposed to NaCl {Table 2),

Net influxes of NO,~, K* and PO,-P to the roots were assumed to obey the
Hill kinetics for low concentrations (Bernard, 1968):

1 — Imu Ch
"TK"+C*H
where: [, =net influx, I =maximal influx when the concentration C ig rel-

atively high, K=the epparent Michaelis-Menten coefficient which is equal to
the concentration when I,=1/21,.,,, and h=the cooperativity (Hill) index.

(1)

TABLE 1

Shoot and root growth characteristics ofpeanht plants grown in differen? concentrations of NaCl
for 32 days

NaCl Shoot Root Root Root mean  Root surface
{mM) dry wt dry wt length radius area
(g plant~"') (g plant-"') {mplant-") (ram) (cm? plant-1)
0 2.30" 0.36* 42.8° 0.22¢ 677
2 2.00" 0.42" 71.5° 0.19" 820"
50 1.89% 0.45* 92.7° 0.7 984*
76 1.36* 0.36* 78.6° 0.16* 764*

Within each column, values followed by different superscripts are significantly different (P <0.05)
according to LSD,
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TARLE 2

Mineral composition of peanut plants'

NaCl N P K Ca Mg Na cl
(mM)

0 371" 0235 1.00° 051 041"  0.00° 0.02°
2% 369"  0.261" 087" 051 036" 025" 038"
50 368"  0.315® 090" 048 039 044" 0.62°
7 3140 0.363° 097"  0.44* 035 085 1.25°
Roota

NaCl K Na Cl

(mM)

0 071"  0.06° 0.03°

% 058 038" 0.45°

50 0.56°  0.74° 0.70°

% 068" 0974 0.81°

'All values measured in mol kg~ ' dry weight unless otherwige stated.
Within each column, values followed by different letters are significantly different (P <0.05) ac-
cording to [.SD.

TABLE3

The calculaled parametere of the Hill kinetica for NO,~, K* and orthophosphate-P influx to peanut roots

NaCl It (praolecm=1s 1) K (uM) h
{mM)
NO,- K* P NO,- K* P NO,- K* P
0 3.25" 5.19° 0.268* 6.79* 10.80* 3.62* 1.16° 1.31° 1.22¢
26 2.33" 3.06" 0.181° 4.43* 22.52" 4.76*" 1.07* 1.61* 1.30"
50 2.26* 2.47*" 0.230" 3.98* 21.86" b.85" 1.09° 1.74® 1.67°
ki) 1.89* 1.80* 0.243° 4.24 30.49° 4.89* 1.08° 1.98° 1.38%

Within each column, values followed by different letters are significantly different (P <0.05) according to
1.8D.

The parameters for each nutrient and NaCl concentration were calculated from
the depletiun data according to the procedure of Ben-Asher et al. (1980). The
calculated I,,,,, K and h for NO;~, K* and P are presented in Table 3. In NO,-
influx, there was a decrease in I,,,,,, K and h. K* influx was more sensitive to
NaCl concentration: I, decreased, K tripled its value and the cooperation
index h increased from about 1 to about 2, when NaCl concentration increased
from 0 to 76 mM. Phosphate influx was not greatly affected by NaCl concen-
tration. Figures 1 and 2 illustrate the calculated net-influx rates of K* and
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Fig. 1. Net-influx of K* into peanut roots as a function of its external concéntratlon. as affected
by NaCl concentration.

Fig. 2, Net-influx of NO,~ into peanut roots as a function of its external concentration, as affected
by NaCl concentration.
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Fig. 3. Root length (measured and the fitted logistic curve) of peanut plants grown in non-saline
nutrient solution.

NO,~, respectively, as a function of their external concentration, for each of
the tested NaCl concentrations.

Root length of peanut plants grown without NaCl in the nutrient solution
vs. days from germination is plotted in Fig. 3. The curve was calculated from
the data by a non-linear regression to fit a logistic functior:

Ly

L‘=l+cexp[—k(t—to)] 2)
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TABLE4

Menan influx of jons to peanut roots from relatively high concentration (1 mM K*,3mMNO,-)
and different concentrations of NaCl

NaCl Mean influx (pmol cm-15-")
(mM) .
Na* Cl- NO,* K+
90 0.02* 0.03* 23.6° 6.18°
25 0.24% 0.39" 15.7% 347"
50 0.34¢ 0.57¢ 10.7* 2.88*
75 0.64¢ 0.85¢ 9.1° 2.66"

Within each column, values followed by different letters are significantly different (P <0.06) ac-
cording to LSD,

where L=root length as a function of time t, ty=time threshold from germi-
nation to th Yeginning of actual root growth (6 days), L,.,,=sasymptotical
value of maximal root length (73.69 m plant-!), and ¢ (25.67, dimensionless)
and k (0.164 day~') are empirical parameters.

Influx rates of Na* and Cl- were calculated according to their accumulation
in the plant and the root growth data (Silberbush and Ben-Asher, 1987). Cal-
culated net influx of Na* and Cl- as a function of their concentration in the
nutrient solution are presented in Table 4. Influx rates of either ion were lin-
early correlated with their external concentration. Chloride influx rate was
somewhat higher than that of Na* for the same concentration. The same tech-
‘nique was used to catculate mean influx rates of NO;~ and K* during the
period in which the plants were grown in the growth solutions (i.e. 1 mM K+
and 3 mM NO;~). These results are also presented in Table 4. Mean influx of
NO,~ was much higher than the I,... values obtained in the depletion test for
low concentrations, but decreased with the increase in NaCl concentration.
Influx of K*, on the other hand, was very similar to the I.x values of the
corresponding NaCl concentrations.

DISCUSSION

Silberbush and Ben-Asher (1987) showed that K* influx te cotton (Gossy-
pium hirsutum L.) roots was mostly affected by NaCl concentration in the
nutrient solution, while NO,~ influx was only slightly reduced. There was also
a difference between the two ions in the parameters of the Hill equation: NO,~
influx was reduced only in its I,,,, while K and h remained unchanged. This
indicates a simple competition between ions, probably with CI-, without any
preference by the root for the two ions. On the other hand, all the three param-
eters of the uptake kinetics of K* influx were affected, probably owing to the
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competition between K* and Na*. The interference of Na* to K* influx in-
creased K, the preference parameter, which actually means that a relatively
higher K* concentration is needed to achieve an influx rate which would equal
half the I,.,, value. Sirnce h=1 represents a Michaelis-Menten type kinetics,
with only one agent involved in the transport across the root cell membrane,
the addition of Na*, which was associated with the increase of h from 1 to
about 2, apparently introduced another agent into the influx process.

Tables 1 and 2 showed that a slight decrease in shoot growth occurred when
the concentration of NaCl increased, but that there was no significant change
in K* concentration in the shoot, although Na* concentration in the shoot
increased. This was not the case during the depletion test, which occurred within
the Mechanism I range. In this case, K* influx was most sensitive to the pres-
ence of Na* in the solution: root affinity for K* decreased (K increased), K*
transport via the root membrane became more complex and therefore less ef-
ficient (h increased), in addition to the suppression of I,,.

The peanut plants in this experiment were grown in 1 mM K* which is
within the range of Mechanism I1 (Epstein, 1972). However, the mean influx
rate of K* during the growth period, which was calculated according to the
rate of K* accumulation in the plants, resulted in values which were quite
similar to the values of I, of Mechanism 1. The frequent analyses of the
growth solutions for K* showed that the fluctuations of K* concentrations
were rather small. Only in the last change of the nutrient solutions, before the
starvation for K* and NO,~, were the solutions allowed to deplete to 0.6 mM
K* at the least, which was reached after 3 days. The root surface areas were
calculated from the final root lengths and radii which were also used to calcu-
late the influx according to the depletion at low concentrations of K*. The
calculations of the influxes for the two concentration ranges were also based
on an independent component, namely the amount of K* in the plant and the
rate of K* depletion with time for the high and low concentration ranges,
respectively. The agreement between the two fluxes indicates that they both
represent the same mechanism, although they should be different (Epstein,
1972; Jacoby and Hanson, 1986).

The competition by Na* to K* influx seems to be either by direct compe-
tition on the excess to the influx channels on the root cell membrane, by re-
duction of the membrane selectivity to K*, or by the change in the nature of
the transport carrier across the membrane (Jacoby and Hanson, 1985).

Unlike the influx of K*, NO,~ mean influx rate increased with NO,~ con-
centration (Table 4) and, like Ioaxs it was reduced by the increase in NaCl
concentration.”

CONCLUSIONS

The analysis of NaCl effect on the uptake of nutrients by plants, which de-
fines it on each parameter of the kinetic equation, appeared to yield more in-
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formation about NaCl interference than its effect as a whole. Even if they were
determined empirically, the effect on each parameter indicates the way by which
NaCl interferes with the uptake proceas.

Potassium influx is most sensitive to Na* concentration in the external
solution.

The same mechanism for K* influx to the root seems to operate at least up
tolmMK*,

Nitrate uptake was affected by Cl~ concentration only by competition on
influx channels, but no change was observed ir. the selectivity of the root cell
membrane for NO,~.

The characterization of ion influx to roots by the ion-depletion procedure is
a powerful tool, but only in low concentrations. In relatively high concentra-
tions it yielded unreliable results because of the insensitivity of the depletion
with time.

The calculated mean influx, which is based on the acctimulation of the ion
in question in the plant, and the pattern of root growth with time resulted in
reasonably accurate estimates of ion influxes, in spite of the simplifying as-
sumptions which were made. This approach is therefore recommended for the
estimation of mean ion influx to soois from relatively high but constant ion
concentrations.
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" ROOT DISTRIBUTION UNDER TRICKLE IRRIGATION:
FACTORS AFFECTING DISTRIBUTION AND COMPARISON
AMONG METHODS OF DETERMINATION
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The Jacob Blaustein Institute for Desert Research
Ben-Gurion University of the Negev
Sde Boger Campus 84993, Israel

ABSTRACT

Four methods were used to characterize root distribution under trickle irriga-
tion. These were: root weight, cation exchange capacity (CEC), uptake of 86Rb,
and the line intersect method. Trickle irrigated tomato plants (Lycopersicon
esculentum) and peanuts (Arachis hypogeae L. var. shulamit) were grown on
sandy soil (Typic Torripsamment) and their roots were used for the study. The four
methods showed that most of the roots are concentrated close to the emitter. A
linear correlation was found between root weight and the uptake of 8Rb. This
indicated that although roots near the emitter seem to be relatively old, the uptake
activity is also concentrated there. Furthermore, it is apparent that the effect of the
limited root distribution is even more pronounced when using CEC as an indicator
for fine roots or surface area, than when using weight as an indicator. It was
therefore concluded that all criteria emphasized the restricted distribution of roots as
well s their activity in the wetted volume of soil beneath the emittcr. When saline
water was applied, mere roots were found in the leached soil volume than in the
saline part of the trickle irrigated hemisphere. In the fresh water irrigated soil, the
roots extended also to the periphery of the wetted volume.
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INTRODUCTION'

The dripping system consists of a point source, from which water and solutes
move in three dimensions (1-3). When the irrigation system is also used to apply
soluble fertilizers, the wetted soil includes nutrients and ions originated from
natural soluble salts, mainly Na and Cl ions. The extension of the wetted zone is
limited by the balance between water input and losses, and is very much affegted by
the soil properties (4). '

Root distribution under trickle irrigation is affected not only by the extension of
the wetted zone, but also by the quality of the irrigation water and the distribution
of nutrients within the wetted zone (5). One objective of this project was to study
nutrient and saline ion distribution in a trickle-irrigated sandy soil, and their effect
on root distribution and pod production of peanuts. This objective was addressed
by a series of field experiments,

Furthermore, knowledge of the distribution of roots is required as input
information in models that describe the soil-plant-atmosphere continuum, and in
order to understand root response to environmental conditions. Direct or indirect
techniques for examining root systems are known. The direct methods are usually
referred to because they represent a more realistic case. However, these methods
are destructive and time-consuming. On the other hand, the indirect methods which
are faster and non-destructive do not always reflect the accurate behavior of the root
system. Measurements of root length, weight, and surface area are among the direct
methods, while measurements of water extraction and transport of tracers are
indirect ones.

Root weight is probably the most commonly used method in root study. The
disadvantages of this method are that many roots are lost during the soil washing
process (6) and that fine roots are neglected because of their small weight, These
roots are characterized by a large surface area and are therefore the most active .
The root hairs and fine tips have thin walls of pectins and proteins that are
dissociable and are the reason for the negative electrical charge of the root surface
area (8). On the other hand, old root cells which exert the strongest influence on
root weight are covered with uncharged wax, and therefore have small cation
exchange capacity despite their large weight, There is a correlation between the
surface area of the roots and their cation exchange capacity, because the root hairs
and finc tips cxcrt the most influence on the root's cation cxchange capacily, The
main objective, of this study was to find the correlation between root measuring
methods for examining the root system, i.e. root weight, cation exchange capacity,
root length, and the uptake rate of radioisotopic tracers.



MATERIALS AND METHODS

The combined effect of salinity and fertilization on root distribution. Peanuts
(AJugggggn L. var. shulamit) were grown on fine dune sand (Typic Torripsam-
ment) on the Ramat-Negev Agricultural Experiment Station, Israel (30°57' N,
34038' E). The seeds were inoculated with rhizobium prior to sowing, in the last
week of April. The field was irrigated by sprinkling with fresh water for two weeks
before it was subjected to the differential experiment. The experiment consisied-of a
factorial array of 3 water salinities and 3 levels of fertilizer application, arrahged in
6 randomized blocks. The water electrical conductivities (EC25) were 1.0 (fresh-
watcr), 4.3 (brackish well water), and 6.5 (brackish well water + NaCl) dS m-1,
The fertilization treatments were 3.9, 11.6, and 15.4 mM KNO; in the irrigation
water. Each experimental plot consisted of two 2x10 m soil beds. Bach bed
contained four plant rows, with 8 plants per m. Two lateral lines, having 2 liter/hr
tricklers spaced at 50 cm intervals (along the lateral), were used to irrigate each bed.
The field was irrigated every three days with an amount of water equal to the
class A evaporation pan times a ratio which varied between 0.5 in May to 0.8 in
July and August, and 0.6 in September. Phosphorus (as H3POQy), iron (as Fe-
EDDHA), and micronutrients were supplied once a week, to all the treatments.

Plant and roots were sampled three times during the growing season. The soil
was excavated perpendicularly to an emittcr, and soil cores (6.5 cm in diam., 5 cm
long) were sampled in 25 sites, 35 cm horizontally and 40 cm vertically down from
the emitter. The soil samples were weighed and stored at 50C before further
treatment. The roots were washed from soil on a fine sieve, and their length was
mcasurcd by the line-intersect method (9). The soil samples were extracted using a
1:1 soii-to-waler ratio, and analyzed for NO3-N, PO4-P, K, Na, Cl, and EC. The
soil was then collected, dried at 105°C, and re-weighed to determine its original
water conlent.

Comparjson among methods of determination, Tomato plants (L, esculentum
L.) were grown on sandy soil (Typic Torrisamment) and were irrigated daily with
emitters having discharges of 2 liters/hour. The average amount of water applied
was 140% of the evaporation from a Class A pan. The soil moisture content in all
replications ranged between saturation and field capacity at depths of 0 to 50 cm
below the emitter.

Root sampling: Four replications of soil samples were excavated from the soil
profile at various distances from the emitter. According to the above description,
the roots werc washed from a volume of one liter of soil, weighed, and expressed
in terms of fresh weight of roots/liter.
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Tracing uptake of 8Rb: 85Rb was uscd as a tracer for cvaluating the relative
activity of the root and as a second method for estimating its distribution. The
rubidium was buried at ten depths between 10 and 150 cm below the emitter by
sliding gelatin capsules of 0.5 cm3 through a pipe that was inserted into the desired
depth. This was done in order to prevent the tracer from spreading along the hole in
the soil. Each depth was represented by an average of four plants. The stem was
marked 10 cm above the soil surface where a Geiger counter was used to ldcntlfy
the translocated tracer. The flow rate of 86Rb within the plant was calculated from
the ratio between the depth of its application and the time to reach the Geiger point
on the stem.

Analysis of cation exchange capacity (CECY:The measurements of CEC were ,

done according to a method suggested by Philip and Lambeth (10). For the analysis
we used the same roots that were weighed earlier for the determination of root
distribution according to weight. The exchange capacity was determined through
the following stages:

1. Washing with H20 and rinsing the roots with a 0.01N HCI (~pH2) solution for
5 minutes (twice), in order to remove Ca from the free space;

2. Saturating the cation exchange volume with Ca*+ by rinsing the roots with
0.01N CaCl; solution;

3. Exchanging the Ca** by rinsing with HCl (0.01N); and

4. Calculating the CEC from the amount of Ca** within the HCI solution.

Root density as a function of distance and depth below the emitter was expressed as
a product of CEC per unit root weight and tolal weight was found at the
corresponding coordinate.

RESULTS AND DISCUSSION

Root wejght: The fresh weight of roots found at the first sampling volume (i.e.
the closest to the emitter) was 6.4 g which is about 33% of the entire sample weight
(19.3 g). In the sampling volume below it, an additional 14.5% of the total root
weight was found. Deeper than these two samples, the concentration of roots
decreased rapidly and at the furthest sampling comner (i.e. 30 cm from the emitter
and 30 cm below the soil surface) no roots were extracted.
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TABLE 1 Root Weight Distribution at Different Distances from the Emitter
(g fresh root/1 liter soil and % of total)

Disiance (cm)
0-10 10-20 20-30
Weight % Weight % Weight %
Depthem)  (g) (® : (2)
0-10 6.4 33.2 4.0 20.9 2.6 133
10-20 2.8 14.5 2.3 12.2 0.7 3.5
20-30 0.3 2.0 0.2 0.1 0 0

Assuming radial symmetry of root distribution around the emitter, the numbers
in Table 1 represent only samples which were taken perpendicularly to the trickle
laterals. In order to evaluate the total fresh root weight, one should integrate the
valucs in the table with respect o the distance and the depth from the emitter.

Observations on the exposed roots (Fig. 1) showed that most of the weight
was contributed by relatively old roots below the stem and close to the emitter. On
the other hand, when the tomatoes were irrigated by sprinkling, root distribution
was different. As shown in Fig. 1b, these roots are shallow and more widely
spread. It was not possible to assess the weight of fine roots and therefore to relate
root weight to surface arca and root effectiveness. An indication of the relative
importance of root weight was found through the tracing of 86Rb.

Uptake rate of 86Rb: The rate at which signals of 86Rb from the stem were
detected was plotted as a function of root weight (Fig. 2). It appears that this
indica~tor is correlated linearly with weight. It should be noted that the criteria used
here (i.e. the uplake rate) is not only a function of the density of the roots and the
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activity at the injection point, but also a function of the moisture content in the
immediate vicinity of the isotope as well as the resistance of the roots to the
transport of the ion. Place and Barber (11), who investigated factors influencing the
flow of 86Rb, found that its self-diffusion is correlated linearly with moisture
content. According to their study it is possible to detect the isotope faster when its
injection is close to the emitter where the moisture content is high, than far from the
emitter where the moisture content is relatively low. Thus, the combined effects of
roots abundance and the moisture content increase the probability of interaction
between the tracer and the root. As a result, the rate of flow was determined to be
faster closer to the emitter, and decreased as the distance from the emitter grew.

It was not possible to detect roots below a depth of 30 cm. This can be
explaincd by the low density of roots at that depth and the short half-life of 8Rb
(i.c., 18.7 days). Low root density reduced the probability of interaction between
the ion and the root, and the short half-life caused the radiation intensity to be
below the sensitivity of the detector for those ions that were absorbed by the roots
after a relatively long time. .

These results are in agreement with those of Salter (12) who found only about
12% of the tomato roots below the depth of 30 cm, under high frequency irrigation.
Jung and Otinkorang (13) used the P-32 technique io find most of the tomato roots
(65%-70%) 30 cm below the stem. On the other hand, Danielson (17) found
tomatocs with roots as decp as 180 cm under a diffcrent irrigation regime.

Cation exchange capscity (CEC).The third indirect criterion for root distri-

bution was the roots' cation exchange capacity (CEC). This measurement was used
as an indicator for the fine root surface area, and the resuits are given in Table 2. In
this table, the relative density of the roots was evaluated from the product of their
weight and the CEC per unit weight. The data in Table 2 show a general decrease in
the CEC of the roots with distance from the emitter. In terms of per rent of total
CEC found in the root zone, roots are more concentrated near the water source than
far from it. Furthermore, it is apparent that the above effect with CEC is more
pronounced than when using weight as an indicator for root distribution. For
example, near the surface, root weight is more evenly distributed laterally (Table 1)
with 33%, 21%,and 13% occurring within 10, 20, and 30 cm of the emitter,
respectively. In contrast, 56%, 17%, and 5% of the total CEC occurred within the
same distance. Although not identical, the two criteria for root distribution indicate
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FIGURE3 Spatial distribution in the soil profile of (a) total soluble salts concen-
tration (me 1-1) in the soil solution and, in mmol kg-1, (b) NO3, (c) Na*, and
(d) CI” in dune sand under peanuts, which was irrigated by trickling with water EC
of 6.5 dS m"!, and 15.4 mM KNO;.

19



that high concentrations near the water source can be considered for active roots as
well as for old and heavy roots.

The presence of a high density of active roots near the emitter is also in
agreement with results shown in Fig. 2. There, the flux of 86Rb was linearly pro-
portional to the fresh root weight which means that under these circumstances
weight and activity of roots are proportional. .

TABLE2  Root Cation Exchange Capacity and its Relative Density
(meq/100 g dry root)

Distance (cm)

0-10 10-20 20-30
Depth(cm) CEC % of total CEC % of total CEC % of total

0-10 61.6 56.1 30.2 17.3 14.4 5.3
10-20 30.6 12.1 14.9 5.0 12.5 1.2
20-30 55.5 3.0 6.6 0.0* 8.6 0.0*

* Root weight is negligible

{fect of salini d nutricn oot distributjon. Fig. 3 presents the distri-
bution of the soluble salts in the trickle wetted soil volume which was irrigated with
6.5 dS m*! and 15.4 mM KNO3. The concentrations of the total soluble salts in the
soil solution in each site along the soil profile (Fig. 3a) were calculated from the EC
of the soi! extract according to the equation: conc. = 10 megq.'! EC25 (dS m-1) (15)
and the measured moisture content of the soil samples (which varied between 4 to
9% by weight, with soil bulk density of 1.6 g cm-3). The calculation assumed that
all the ions in the extract originated from the soil solution. This assumption was
based on the low content of soluble compounds (very low EC of the water extract)
in the untreated sand and the low cation exchange capacity (30 mmol(+) kg-! soil)
of the sand. The contours in Figs. 3 and 4 were calculated and drawn using Surface
Il computer software (16). The data in Fig. 3 are of plants which reached their full
vegetative development. Soil analyses along the whole season resulted in similar
distribution in July through August, so these results presumably represent a steady-
state which occurred also during the reproductive growth stage. The soluble salts
were leached from under the emitter, and were concentrated in the margins of the
wetled soil volume. Sodium and Cl ijons (Figs. 3c and 3d, respectively)
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accumulated mainly in the upper soil profile, showing similar patterns. Nitrate
(Fig. 1b) also accumulated in the margins of the wetted svil volume in this
treatment. The same concentration of NO3 ion (15.4 mM) but with freshwater (not
presented) resulted in a similar trend of accumulation, but the concentrations were
much smaller.

Figures 4a and 4b present the distribution of roots in the wetted soil profile
irrigated with freshwater and brackish water, respectively. When the soil w'as drip-
irrigated with freshwater the roots were scattered throughout the wetted soil volume
(Fig. 4a), but tended to concentrate in the margins, probably because of the abun-
dance of nutrients (Fig. 3b) and better aeration (17). In the saline water treated soil
(Fig. 4b) the roots concentrated in the leached soil volume, but avoided the
margins, where the salts accumulated (Fig. 3a).

CONCLUSIONS

All the three criteria for root distribution emphasized the well recognized
phenomena that the distribution of roots and their activity under trickle irrigation is
restricted to the wetted volume of soil beneath each emitter. The relative density and
activity decreasing with the increasing lateral and vertical distance from the emitter.
Irrigation with fresh water was associated with relatively high density of roots in
the periphery of the wetted soil volume, probably due to the abundance of
nutrients. On the other hand, irrigation was with saline water, a relatively low root
density was detected in the periphery and a high density was detected in the leached
soil volume beneath the emitter. It is clcar that the results of root distribution by
weight and by CEC are not identical, but a good corrclation was obtained between
root weight and uptake of 86Rb,

10
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Wheat growth as affected by potassium, nitrogen, ammonium/nitrate ratio, and

NacCl.

1. Shoot and Root growth and Mineral Composition.

M. Sliberbush and S.H. Lips

Fertigation with KNOg as a means of redqclng salinity hazards
was tested with peanut plants, grown on dune sand, resulted
In a reductlon of plant growth and yleld. The objective of this
work was o siudy tha interactions between N, K+ and NaCl as
well as exffects of the NH4*/NOg" ratio on vegetative and
reproductive growih. Wheat (Trificum aestivum L.) plants
were grown in polyethylene pots with fine calcareous dune
sand with different proportions of NH4* and NOg", under saline
(60 mM NaCl) and non-saline conditions. Three replicates
were harvested at the beginning of flowering, and one was
grown to grain maturity. NaCi reduced shoot dry welight in all
the treatments. Increasing the NH4t proportion in the total of
¢ mM Nin the nutrient solution, increased shoot dry

welght, decieased nitrogen concentration In the dry mass
and increased P percentuge, elther with or without 60 mM
NaCl. The number of tillers produced in each treatment was
correlated with dry matter yleid. The effeci of the NH4+/N03'
ratio may be explained by alteration of the cation-anion
balance on the nutrient uptake by roots, which lowered pH
of the nutrient soluticn with Increasing NH4* concentration.

Additional Key words: Dune sand, Mineral nutrition, Piant
production, Root growth, Triticum aestivum L., Water salinlty.
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Infroduction

It s generally assumed that salt damage to non-hatophytes is due mainly to Nat and Cr-
accumulation In the plant tissue and/or water deficiency in the plant, High concentrations of Na+t
and CI* In the nutrlent medium of plants may induce accumulation of these ions in the plant tissue
and consequently reduce plant growth (Greenway and Munns, 1980, Lauter and Munns, 1987). Tha
extent of salinity inhibition of growth, however, may be affected by the nutrtional status of plants
(Bernsteln et al., 1974, Papadopoulos and Rendig, 1983). Nat and ZI" lon uptake seems to interfere
with uptake of other lons. NaCl suppressed NH4* and NOg~ uptake by cotton {Gaossyplum hirsutum
L.), and Interfered with nitrogen metabolism (Pessarakii and Tucker, 1985). Na* interacts with
uptake of Ca2+ and K+, while CI- interferes with uptake of NO3~ (Kafkafi et al., 1982). The form of
nitrogen In the nutrient solution may affect also plant response to sallinity (Corda and Martinez,
1988; Sliberbush and Lips, 1988). The NH4*/NOg3" ratlo In the growth medium affects the pH of of the
nutient solution as a result of the plant pH regulation systems (Ben Zionl et al, 1971; Lips et al, 1971;
Breteler, 1973; Cox and Seeley, 1984). Interactions between pH and temperature may affect P
and NOz™ uptake rate ( Barber, 1984, Ganmore-Neumann and Kafkafi, 1980a). At a temperature of
25° C and pH 6, NH4* was taken up at twice the rate of NOg3™ (MacDuff and Hopper, 1986). Since
plants differ in thelr response to Na* or to CI* (Lauter and Munns, 1987), the NH4*/NOg ratio could
affect plant sensitivity to NaCl (Lips et al,, 1987; Cerda and Martinez, 1988).

The effect of NaCl, N and K* concentrations in the presence of different NH4t/NOg" ratio on
wheat growth and productivity were studied. Part 1 of this work analyses the effects of these
treatments on shoot and root growth as well as on the mineral composition: of the plants.

Materlals and methods

Six wheat (Triticum aestivum L. cv 'Barkcl’) plants were grown In black polyethylene bags
contalning 10 kg fine sand (Calcic, Typlc Torripsamment), layered over 3 kg gravel, to insure
adequate dralnage of nutrient solutions. The experiment al layent was based on a factorial

design of 2 salinity levels (0 and 60 mM NaCl) M, 2 nitrogen concentrations (2 and 6 mM), 4
NH4*/NOg" ratios (0:1, 1:1, 3:1, and 1:0), and 2 K* concentration (0.5 and 5.0 mM). Each trecitrnent

had 4 replications. Ca*2 (3 mM), Mg*2 (1 mM), P (0.5 mM as HoPOy4"), Fe (40 mg Fe-EDDHA I1),
and microelements (Hoagland and Amon 1950) were included In the nutrient solutions used. The
pots were arrayed In 4 randomized blocks In the greenhouse. The seeds were germinated for 7
days over a nutiient solution containing 2mM nitrogen as NOg™ and 0.5 mM K+, After this iime
period, seedlings were subjected to the different treatments. NaCl In the salt treatments was
applied stepwise, In order to avold osmotic shock: an Initial application of 25 mM which was
ralsed two days later to the final 60 mM salt used In the saline tieatments,

(1) The nutrient solutions were prepared with tap-water, which already contained 10 mM CI-,
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The plants were Irigated every two days with fresh nutient solution added in excess of the fleld
capacity of the soll in the experimental bags in order to displace residual, parlly depleted, nutrient
solution in the soll. The leachates were monitored for electro-conductivity to determine Irigation
schedules and to avoid salt accumulation. Day temperatures varied during the growth period
between 9° and 25° C, night femperatures between 1° and 12° C.

At the 44th day of growth, when the tlllers started to elongate prior o flowering, plants of three
blocks were harvested while a fourth block was left until grain maturity (Sliberbush and Lips, 1990).
The shoots were separated from the roots and divided into primary and secohdary tillers, of

which stems and leaves were collected separately. Fresh weight of each plant fraction was
recorded. The plant fractions were then dried at 60° C, reweighed and ground to pass a 40-mesh
screen. Roots were separated from the sand by floating In water and collected on a screen,
blotted thoroughly and weighed for fresh welght. Sampiles of these roots, welghing about 1 o}
were taken to determine root length (Tennant, 1975). The remaining root material was then oven-
dried and the total length of the plant root system was calculated according to the dry welght
ratio of the sample to the whole root. Plant samples were digasted in Ha804 + HoOo and analyzed
for total reduced nitrogen, P, Ca*2 and Mg+2. Water extracts of the dry plant samples ware
used for assays of Na*, K*, CI' and NOg",

Results

Vegetative growth

The analysls of variance revealed no significant effect of K+ concentration on any of the
measured vegetative parameters. Consequently, the two K treatments were grouped together In
the results shown here. The form of nitrogen fed to the plants did not affect dry biomass
production when applied at a concentration of 2 mM (Fig. 1). When 6 mM nitrogen were supplied
in the nutrient solutlon, dry biomass production was Increased In response to an increase in the
NH4* proportion of nitrogen In the nutrent solution, both with or without 60 mM NaCl.

Nitrogen concentration had no significant effect on root length (FIg. 2), therefore the results of 2
and 6 mM N were grouped together In the graph. Uniike shoot dry blomass (Fig. 1), root length,
either with or without 60 mM NaCl, reached its maximum at the NH4*/NO3" ratio of 1:1.

The dnolysls of varlance of the mineral compounds in the leaves (Table 1) shows only the 2-way
Interactions since higher Interactions were not significant. There was no significant effect of the
treatments on leaf Mg*2 concentration. Plant total nitrogen and NO3~ contents were affected by
N and NaCl concentrations in the nutrient solution, but not by the NH4+/NO"3 ratio.

Phosphorus

P concentration In the leaves was significantly affected by several experimental treatments, but
not by K+ concentration in the nutrient solutions (Table 1). P concentrations in the leaves of the
primary and secondary tlllers were affected by N concentration in the nutrient solution and by
NH4+/N03' ratio, as well as by NaCl concentration in the medium. P concentration was

somewhat higher In the secondary than in the primary tiller (Fig. 3a, b). NaCl caused an increase in
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leat P. With the increase on the NH,* fraction In the medium N we observed also an increase on
leaf P, except for the treatment recelving 2 mM N and 60 mM NaCl, which did not follow this rule.
This rend of P concentration changes in the treaiment with low N and salinity Is similar to the
changes on shoot dry mass of the plant growing on it, so that the decrease In P concentration In
the leaves cannot be a result of a dilution effect.

Potassium

K+ concentration in the leaves was significantly affected by nitrogen, K+, and NaCl
concentrations In the nutrent solution. The distribution of K+ between main and secondary tillers
was not affected by NH,4*/NOg ratio (Table 1). Leaf K+ concentration was reduced by NaCl, but
increased with nitrogen and K* concentration in the madium (Fig. 4). As In the case of leaf
phosphorus, K* In the secondary tillers was somewhat higher than in the primary shoot.

Calclum

Cat+2 concentration in the plant parts was not atfected by NaCl or K+ concentrations in the
nutrient solution (Table 1), but was significantly affected by nitrogen levels In the medium and by
the NH4*/NOg" ratio (Fig. 5). Calcluin concentration was higher in plants grown on 6 mM nitrogen
than on 2 mM nitrogen:; It decreased however with increasing NH4* proportion of the nitrogen In
+he medium. '

Sodium and Chioride

The NH4*/NOgratio In the medium significantly affected leaf CI- as well as the distribution of CI
between primary and secondaty tillers (Table 1). Leaf Na*, on the other hand, was affected by
nitrogen, K* and NaCi concentrations in the growth mediun (Table 1). Na* concentration in the
leaves of the secondary tillers was markedly higher than in the primary shoot (Figs. 6a and 6b).
Increasing K* and nltrogen concentrations in the medium brought about a decrease in leaf Nat,
as did the Increased proportion of NH4* in the nutrlent soiution. CI In the plants was not affected

by the NaCl concentrations used in these experiments .

Discussion
Wheat plants grew better on NH4* than on NOg™ in this experiment. The number of tilers and the

total dry mass Increased with increasing the NH4+/NO3™ ratio. Nitrogen concentration In the shoot
was not affected by this ratlo; phosphorus concentration, however, Increased with the
concentration of NH,4* in the medium. In a similar study with peanut plants (Arachis hypogaea L.)
(Sliberbush and Lips, 1988), both P and N concentrations In the plant shoot increased as the
NH4*/NOg3" ratio changed from 0:1 to 1:0. These effects may be a resuit of the unequal uptake of
cations and anions by the roots, which may induce significant pH changes at the soll-root
interface. The soll originally contalned about 6.5% crystaliine CaCOg which, In a caicite-water-
COz(g) should balance the soll solution pH at about 8.3. When NOg3~ was the only nitrogen source
In the nutrlent solution, it probably induced an Increase in soll pH at the vicinity of the root . The low
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buffering capacity of the soll may allow PH increases of up to 2 units (Schaller, 1987), which could
reduce the NO3™ uptake rate (Bdrber, 1984). In addition, such an increass In soll PH would reduce
phosphate solubliity and Ca+2 concentration in the solil solution. A higher concentration of NH4*
would bring back the NOgz™Induced increase In soll pH to 7 or even less, and allow a higher uptake
rate of Ca*2 and phosphorus by 1i1e plant. Plant roots actively lower the pH in the growth medium
when it Is too high, cr when phosphorus supply Is too low (Breteler, 1973; Hedley et al., 1983), but in
order to do this roots require an adequate carbohydrate supply. Even if the plants prevented the
medium pH from rising, and NOg3" influx to the roots would not decrease, thelr dry mass production
would be smaller than that of plants grown on NH4* due to the increased cilocoﬂon of
carbohydrates on energy-consuming lon-balancing mechanisms of the root. Simliar effects
were reported by Cox and Seeley (1984) who used nutrient solutions with different NH4+/NO3'
ratios In the presence of CaCOg, and by Scherer and Mengel (1986) In soils with weakly-fixed NH4+
. Barker et al. (1988) also showed decreased plant growth with increasing Ca+2 concentration in
the nutrent solution of radish (Raphanus sativus L) plants fed NH4*, but with NO5™ the plant root
growth increased when Ca2+ concentration In the shoot was higher. Simllar results were obtain by
Lewis ef al. (1989) with malze (Zea mays, L.) grown with or without 60 mM NaCl,

Root length was curvilinearly corelated to the NH4*/NO3" ratio with an optimum ratio of about 1:1,
elther with or without 60 mM NaCl in both the nitrogen concentrations used in this experment.
Similar results were aiso reported by Ganmore-Neumann and Kafkafi (1980b). These authors
expressed root development by means of root welght, which is not as sensitive measure as root
length (Barber, 1984). Furthermore, roots grown on NOg" were longer and poorly branched
compared to NH4*-grown roots. It may be concluded, therefore, that the effect of NH4*/NOg"
ratio on root development is a combination of the effects on root length and on root branching.
The curvilinear respcnse of root lenght to the increase in NH4*/NO3" ratio may explained
therefore by the role of Ca2+ in root elongation. Inlow NH4*/NO3 ratio there is a positive reaction
of root growth to Ca 2+ In the plant. When the proportion of NH4* Increased, this reaction of root
growth had the opposite effect. But since Ca2+ concentration in the shoot continuosly
decreased while changing N- form from NO3- to NH4* , the effect on root growth was curvllinear.
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Analysls of Variance of mineral lons concentrations in ieaves of wheat plants. grown In different
concentrations of N(N conc), K* and NaCl(S), and with different NH,4*/NOg" ratios(N Form).

*,**, = significance of the F-value at 0.05, 0.01, 0.001, respectively. ns- not significant. Degrees of

Freedom for {19 Eror=150.,

Source of
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N Form(NF)
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CAPTIONS FOR THE FIGURES

Figure 1 Dry wtin shoots of 6 wheat plants per pot, grown on differenf concentrations of NaCl and
N, and different NH4*/NOg™ ratios. Bars with the same letter are not significantly dlfferent

(P<0.05) according to the palred t-test.

Figure2 Root lengths of 6 wheat plants after 44 days of growth as affected by NaCi concentration
and NH4*/NOg™ ratio in the nutilent solution, Bars with the same letter are not slgnlﬂcanﬂy

different p<0.05) according to the paired t-test

Figure 3 Distribution of P concentration in leaves between (@) primary tillers and (b) secondary
tilers of wheat plants grown on different concentrations of NaCl, N, and NH4*/NOg3" ratios
(NH4* fraction) In the nutrent solution.

Figure 4 Concentration of K* in leaves of primary and secondary tillers of wheat plants grown on
different concentrations of NaCl, N and K*. In each group, the vertical bar represents LSD
value at p=0.05.

Figure 3 Ca*2 concentration in leaves of wheat plants as affected by N concentration and
NH4*/NOg3" ratio (NH4* fraction) in the growth medium.

Figure 6 Nat concentration in leaves of (a) primary tillers and (b) secondary tillers of wheat plants
grown on 60 mM NaCl, different concentrations of N and K+, and on various NH4*/NOg"
ratios (NH4* fraction) in the growth solution.

Within each group, the vertical bar represents the LSD value at p=0.05.
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Potassium, nitrogen, ammonium/nitrate eratio and sodiuim chioride effects on

wheat growth.

IL TRLERING AND GRAIN YIELD.

M. Slibarbushand $.H. Lips

The objectives of this project were to study the interactions
between N, K* andi NaCl and ihe NH4*/NO5™ ratio and thelr
effect on vegetative and reproductive growth of wheat
(Triticum aestivum L.). Flants were grown In polyethylene pots
with fine calcareous dune sand with and without 60 mM NaCl,
two nitrogen concentrations (2 o: 6 mM), twe K*
concentrations (0.5 or 5mM) and four NH4*/NO3~ ratios (0:,
1:1, 3.1 and 1:0). Three replicates wers haivested at the
beginning of flowering, and one grewn to grain maturity.
Shoot and root growth, and mineral composition of the
leaves, were reported in part 1 of this work (Sliberbush and
Lips, 1990a). Number of tillers per plant was comrelated with dry
matter yield. It also Increased with nitrogen concentration
and with NH4*/NO3~ ratio, with or without 60 mM NaC:. Mean
grain weight was negatively comelated with NH4*/NO3" ratio
(and consequantly with the number of tillers per plant). This
reduction of grain weight was more pronounced with than
withcut 60 mM NaCl. Consequently grain production of plants
grown with a relatively high NH4*/NO3" ratio was more
suceptible to NaCl than their vegetative yleld, than plants
grown with NO3" nitrogen only.

Addltional key words: Dunes sand, Grain yield, Mineral
nutrition, Piant production, Triticum aestivum L., Water
salinity,

M. Sliberbush (corresponding author) and $.H. Lips , Center for
Desert Agroblology, J. Blausteln Institute for Desert Research
and Department of Blology (Faculty of Natural Sclences),
Ben-Gurion Unliversity of the Negev, Sedz Boger Campus,
84990, srael
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INTRODUCTION

it Is generally assumed that satt damage to nonhalophytes is mainly due to accumulation of sait
lons and/or a water deficlency In the plant. High concentrations of Na* and CI~ in the nutrdent
medium may Induce accumulation of ihese lons in the plant tissues and consequently inhiblt
plant growth (Gieenway and Munns, 1980, Lauter and Munns, 1987). Modulation of the extent of
salinity damage of crep production by mineral nutrents have been reported (B'ernsfeln et al, 1974,
Papadopoulos and Rendlg, 1983; Siberbush and Lips, 1988). Na* and CI” lons interact with the
uptake of other lons by plants. Na* interacts with Ca* 2 and with K* »and CI™ Inferacts with NO3~
(Kafkafi et al.,, 1982). NaCl suppressed NH4* and NO3" uptake and Interfered with nitrogen
metabolism In cotton, Gossypium hirsutum L. (Pessarakil and Tucker, 1985). There Is no direct
evidence, according tc these author, cs to the effect of NH4*/NO3™ ratio on plant responses to
NaCl (Lips et al.,, 1987). In part 1 of this work (Stberbush and Lips 1990), we reported on the
interactions between NaCl, N and K+ concentrations and NH4*/NO3" ard the effect of these
madium components on the growth and mineral composltion of wheat plants. In the second part
of this work, the present paper, we present the results of these growth factors cn wheat grain yleld
and Its contributing component parameters.

MATERIALS AND METHODS

The detalled experimental procedure was described In part 1 (Sllberbuéh and Lips, 1990). Six
wheat (Trificum aestivum L. cv. 'Barkal’) plants were grown In black polyethyiene bags containing
3 kg gravel at the bottom fo insure good and rapld drainage;10 kg fine sand (Celcareous, Typic
Toripsamment), were placad on top of the gravel layer. The experiment hod a factorial design of
two water sailnities (0 and 60 mM NaCl), two nitrogen concentration (2 and 6 mM), four NH4*/NO3~
ratios (0:1, 1:1, 3:1, and 1:0), and two K* concentation (0.5 and 5.0 mM).

After 44 days of growth, when the stems started to elongate but before flowering, three of the four
biocks were harvested (see part 1). The remaining block was allowed to grow to maturity. Ears
and grains of each individual splke were collected separately, counted, and weighed.

RESULTS AND DISCUSSION

Potassium had no effect on the extent of tiliering and on shoot dry mass, according to the analysls
of variance (see part 1), so the results of the two K levels were grouped together in Fig. 1. Number
of tillers per pot (6 plants) increased with the increase In NH4*/NO3~ ratio, but only in the higher
(l.s. 6 mMj nitrogen concentration (Fig. 1). A similar pattem was observed on shoot dry mass
(Sliberbush and Lips, 1990), since shoot dry mass and number of tillers were significantly comelated
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(Fig. 2) even tillers of plants grown with 60 mM NaCl were somewhat smailer than those grown

without NaCl,

Fig.3 presents grain welght frequencies of wheat plants grown elther with NO3- or NH4*, and In the
two NaCl and two K* concectrations. The comparisons between the means of grain welight at
each treatment showed a decrease In mean grain welght with increasing nitrogen concentration.
At the higher nitrogen concentration (l.e. 6 mM), mean grain weight decreased also with
Increasing NH4*/NO3™~ ratio. Graln yleld characteristics were correlated cciually to one
vegetative factor, which Is the number of tillers per ptant. Since the number of leaves in a tiller and
the numbaer of grains in a spike are constant, the number of tillers determines the plant vegetative
and reproductive ylelds (Bulman and Hunt, 1988, Shaviv and Hagin, 1988), Heberer and Below,
1989). While the total grain yleld was comelated with the number of tillers (Fig.4), mean grain
welght decreased with that growth factor (Fig. 5). But while plants grown with NO3~ produced
simliar number of gralns per pot (6 plants) when grown with or without 60 mM NaCl, this number was
smaller in plants grown with NHg4* (Fig. 3). This effect can be also seen In Fig. 5, where plants with a
greater number of tlllers, l.e. grown with a relatively higher NH4*/NO3", produced smaller gralns.
A simllar response to NH4*/NO3" by wheat plants was reported by Heberer and Below (1989),
however they observed the effect on tillering and number of spikes per plant, but not a reduction
In grain size. The sum of these two effects Is presented in Fig. 4: plants grown with relatively high
NH4*/NO3" ratio produced more tillers, but those grown with 60 mM NaCl did not produce a higher
vleld because they were more suceptible to salinity,

The youngest tillers of ammonlum-fed plants had the smallest grains, which were responsible for
the poor correlation between grain yleld and number of tlllers of plants grown In the presence of
NaCl (Fig.4). The reason for this reduction in the development of young tillers Is presented in Fig. 7
of part 1 (Sliberbush and Lips, 1990): Na* was excluded from the older tillers toward the younger
ones, wherq It accumulated and retarded growth. This seems to be the mechanism by which this
specles (and maybe other cereals) may partially avold salinity hazards to the primary shoot and
earty tillers.

The explanation seems to lay with the effect on assimilate translocation and supply: the results
Indicate that NH4t- fed plants are stimulated to invest carbohydrate 1aserves in vegetative
growth (i.e. new tillers), which may have no time to ripen. The assimilater | nvested in those unripe
tillers are a loss In behalf of the grain-production economy of the plant. Nitrate- fed plants do
invest mos: of iheir carbohydrate reserves In grain production. Plants grown without NaCl seem
to have limited carbohydrate resources to divert to the developing grains. The addition of NaCl to
the growth medium caused a larger stress in NHat -fed plGnts than In NO3"™ -fed plants, which
Interfered with the transiocation of assimllates to the grains.

Sensivity of crops to salinity cannot be defined therefore by a single ter m(Maas and Hoffman,
1977), but may vary according to the yleld component used as an index. Different growth phases
may be affected to different extents by saiinity. Screening for salt tolerance among genotypes
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cannot be limited, therefore, to the early growth stage. In the case of wheat this screening should

be caried out unill grain maturlity.
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FIGURES CAPTIONS

Figure 1 Number of tillers of wheat plants as affected by N and NaCl concentrations, and by the
NH4*/NO3™ ratio (NH4' fraction) in the nutrient solution culture.



Figure 2

Figure 3

Figure 4

Figwe &
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The relationships between shoot dry matter and number of tillers of 6 wheat plants

grown on different concentrations of NaCl, K* and N, and NH4*/NO3~ ratios (*** -
signiticance of 0.001 for the correlation coefficient).

Distribution of grain welght frequencies of 6 wheat plants per pot grown with NH4* or
NC3" nitrogen of 2 concentrations, with 0 or 60 mM NaCl, and with 2 K* concentrations.
Relation between graln yield and number of tillers of 6 wheat plants grown on different

concentrations of NaCl, K and N, and with different NH4*/NO3™ ratlos.

The relationships between mean grain wt and No. of tlllers of 6 wheat plants grown with
different concentrations of NaCl, K* and N, and with different NH4*/NO3™ ratios.
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ABSTRACT

Varlous physiological effects of ammaniurn, nitrate and mixed ammonium-

nitrate nutrition of plants have been studied In this laboratory during the last years.

Some of the characterlstic distinctions observed between plants growing on
thess nitrogen sources will be described and discussed. Biomass production of

ammonium-grown plants increased with K¥ concentration in the nutrient
medium betwesen 0.1 to 3 rnM, while nirrate-fed plants reached maximal growth

around 0.25 mM K* . The water use efficiency (WUE) of ammonium-fed plants
was lower and 0'so more dependent on K* than that of plants recelving nitrate.

At low K* leve!s (0.1 mM) in the medium, piants growing on ammonium-N spent
nearly twice as much water through transpiration per unit mass than nitrate-fed

plants. WUE of plants recelving NH4NO4 was poor at low K* (similar to

ammonium-fed plants) but at high K* tris plants grew even better than nitrate-
grown plants. Cverall transplration per niant was little affected by K* levels in the

medium. Consequently, the main effect of K* was on the overall photosynthetic
capacity of the shoot,

Simllar studies were carried out on the efficiency of the plants to convert
inorganic nitrogen faken up from the nutdent rnedia to organic nitrogen

compounds in the plant (NUE). At iow K* levels In the medlum, ammonium-fed
plants assimilated into organic compounds only betwaen 20% and 30 % of the
nitrogen takern up from the solution. NUE of nitrate-fed plants was much higher

(abouf 100%) regardless of the K* levels in the medium,

In additional studles to characterize the preferential growth rate of plants fed
mixed ammonium and nitrate sources, we examined root respliaiion rates,

oxldation of 14C-labeled assimilates by the root, balance between root
resplration and leaf net photosynthesls, patterrs of assimilate aliccation and

effect of COy level,

1 - Estaclon Experimental del Zaldin, Granada, Spain.
2 - Department of Biology, Cape Town Universily, South Africa.
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INTRODUCTION

Interest on the physlological responses of plants to different torms of nitrogen,
from Its reduced stage (ammeonium) to Its most oxidized stage (niirate),
developed simultaneously In two scientific areas: (a) the molecular and
physlological studles of nitrogen uptake and assimilation and their relationship to
plant growth and devsloprnent; (b) the agricultural interest on the practical
aspects of nitrcgen use applications in intensive field production with dally
fertigation,

The physiologists would like to understand why do piants generally grow better In
tiie presence of nitrate thar In that of ammonium and, even batter, in that of
mixed ammon'um-nitrate (1). This fact is surprising considesing that the actual
assimilation of nitrogen Into organic compounds Is caried out as ammonium, &
product of nitrate reduction. The uptake of nitrate requirés energy and so does
the raduction of nitrate to ammonium, making nitrate use by the plants far more
demanding energatically. Most of the nitrogen we add as tertilizers to well
agerated and wam solls Is rapidly oxidized fo nitrate. However, the increasing
addition of fertiilzer to Inigation water makes the direct effect of different forms of
nitrogen fertilizers on plants, of great agricultural interest.

Mitrate enters the roots essentially by active, energy-requiring uptcke systems.

Net NO4™ uptake Into the roots Is the balance between influx: (2). Reduction of
nitrate Is closely as.oclated with uptake Iinto the cell taking place elther during or
Immediately following its transport across the cell membrane (3).When nitrate
uptake by the plant Is larger than its reducing capacity , the unreduced nitrate
taken up cccumulates In the plani. Regulation of nitrate reduction by leaves Is
medilated to a large extent by the flux of nii;ate Into the metabolic pool (4).
Aithough there Is seemingly functicnal advantage for the linkage of energy-
demanding nitrate reduction to photosynthesis by leaves, nitrate reduction to
ammonia Is not necessarlly a metabolic event depending diractly on light since
very simllar rates of nitrata reduction have been observed both In the dark and in
the light by freshly detached leaves (5,6). These results put in doubt the role of
chloroplasts as direci suppliers of reducing equivalents for the reducton of nitrlie
to ammonlum. ‘

Ammonla enfers the roots, to a large extent, by passive diffusion of NH 3 at
neutral and basic pH (7). Ammonium lons seem to be toxic and their assimilction
into amine aclds constitutes, therefore, a detoxification process. The resulting
amino cclds are fransported as amides from the root to te shoot where they are
Incorporated Into organic nitrogen (8). Ammonium-feeding gave rise to higher
levels of proteins, among tham RUBPCO, the maln leaf protein.

Although physlologlcal responses to nitrate and ammonium ions by different
plants can vary greatly (9,10), work published during the last years has beer the
basls for the emergence of inore consistent and general response pattems.
Some of these experimental approachss will be dascribed In this paper.

MATERIALS AND METHODS

The siudies reported here were carried out In wheat (Trilcum aestivum, L.) and
tomato (Lycopersicum esculentum, Mill.). Plants were grown In aerated nutrient
solutions of the Long Ashton type sultably modified to contaln the different forms
of nitrogen used. Tomatoes were grown In half strength Hoagland nutrieint
solutions. Nutrient solutions were replaced every two days. Ammonilum was
supplied as (NH4)2504and nitrate as Ca(NC3),. Potassium was added to the
nutrient solutions as K280, Nitrogen concentration in the solutions was
generally 4 m,



COz gas sxchange during shoot photosynthesis and root respiration was
mecsured wlth an ADC infrared gas analyzer (IRGA) and total organic nitrogen

was determined with ihe standard Kjeldhal technique. 14(.,0-, pulses for 15-20
min were carried out with single leaves In a closed circult air clrculaﬂon
maintained by a peilstaitic pump.

Transpiration during the growth of wheat plants was measured as the loss of
water from the pots with plants (evapo-transpiration) less the loss of watar from
pofs with nutrent solutions without plants (evaporation).

Results given are the average of 3-4 replicates. Standard deviation was in the
renge of 4-10%.

RESULTS AND DISCUSSION
Blomass production

Dry biomass production of nitrats-fed 21-day old wheat plants was relatively low
and dependent on the concentration of K* In the nutrdent medium (Fig. 1).
Blomass production by planis grown on nitrate was always greater than tha! of
ammonium-fed planis and cchileved maximal values at very low K*
concentrations. Wheat plants grown in ammonium-nitiate (1:1 ratio) behaved
essentially as the ammonlum-grown plants at low K* concentrations In the
medium. At the high K* concentration , however, blomass production of plants
recelving a mixed nitrogen feeding was even greater than that of nlirate-fed
plants. It ocppears therefore that the enhancing effect of nlirate on ammonium-
fed plants was highly dependent on the level of K* in the nutrient media (Fig. 1).

Trenspiration and waler use sfficlency

Transplration of wheat plants grown on ammonium was highar than that of
nitrate-fed plants, when calculated on a whole plant basis (Fig. 2A). The size cf
the plants did not markedly affect the extent of water tronspired during the
growth period, except for plants growing at the lowest K* concentration. When
transplration was exprassed per unit mass (Fig. 2B), it became apparent that the
amount of water transpired per gram dry weight was highest for ammonium-fed
plants at low K* levels. The lower water use efficiency (WUE) of ammonium-fed
plants was equally evident In a second experiment (Fig. 3A) with wheat, WUE
was lowest for ammonium-fed plants but improved considerably with increasing
K* concentration In the medium. Nitrate fed plarts were the most efficient users
of water in relafion to dry biomass prcduction at low K* . WUE of ammonium-
nitrate-grown plants improved very rapidly with Increasing concentrations of K*
(Fig. 3B). The differences on WUE beiween plants grown on different nitrogen
sources Is due to a relatively higher transpiration rate by ammonium-fed planis
as well as o a relatively higher photosynthesis rates by nitrate-fed plants. Since
shoot photosynthesis rate of ammonium-nitrate grown plants is the highest as
compared with plants fed with other forms of nitregen (Fig. 6A) and they transplre
less than ammonium-fed plants (Fig. 3A), their WUE turned out to be the highest

(Fig. 38)
Nitrogen use efficlency

The total organic (Kjeldhal) nitrogen content of nitrate-fed plants was relatively
Independent of the concentration of K*in the madium (Fig. 4A). However, the
organic nitrogen content of ammonium-grown plants increased markedly in
response to medium K* . In general terms, ammonium-fed plants were richer in
organic nitrogen than nitrate-fed plants. Similar responses were obtained when
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wae studied Interactions of medium K* lavel with different sources of nitrogen (Fig.
456).

Ammonium-fed wheat plants took up far more nitrogen per g dry weight than
plants grown on nitrate (Fig. 5A). Rates of nitrate uptake per g dry weight were
essentially Indifferent to the levels of K* used in this experiments. As K*
concentration In the nutrient medium increased, ammonium-fed plant took up
about a constant amount of nitrogen from the nutrient solution, on a whole plant
basls. However, since the resulting biomass of thase plants increased with K*
concentration, the rate of ammonium uptake from the solution on a unit mass
basis, decreased (Fig. 5A). ,

The pctterns of assimilation efficiency of Inorganic nitregen taken up from the
media into organic nitrogen compounds (NUE) were very simiiar (Fig. 5B) to that
obsarved for WUE. NUE of ammonium-fed plants improved from 22% to 63%
when X* levels in the nutrient mediu Increased from 0.1 to 5 mM. This implles that
much of the ammonium ions taken up by the plants was not recovered as
organic nitrogen compounds. Nitrate-fed plants, on the other hand, showed a
NUE of about 90% - 100% throughout the entire rar:ge of K* cencentrations usad.
We have no definite explanation for the apparent low NUE of ammonium-fed
plants, especilally at low K* conceniration. No loss of ammonia through the
leaves was detected. The possibllity of nitrogen being secreted back to the
nutrient solutionis in a form other than ammonium tons was not tested in these
experiments and It Is presently under stucly.

Photosynthesis

Biomass production was the result of the difference between rates of
assimllation and resplration of carbon as well as the differences between
nitrogen uptake ana its loss back to the environment. Measurements of leaf
photosynihesis and root respiration were carried out in order to obtaln a
quantitative balance between the major Inputs and outputs of biomass
production of plants growing on different nitrogen sources. Increasing medium
K* had a marked effect on leaf expansion of plants grown on a 1:1 ammonium-
nitrate mixiure . The enhanced leaf expansion of ammonium-nitrate fed plants
resulted in a remarkable increase of shoot photosynthesis (6A). When we
express photosynthesls rates, as measured by IRGA, on a unlt mass basis /g dry
welght), increasing K* concentration In the medium caused a slight decrease of
photosynthesis rates in planis growing on all nitrogen sources studied (Fig. 68).
Consequently, we concluded tha? the type of nitrogen source given to the plants
affected thelr rates of celi or leaf expansion more than the photosynthetic
capccity of thelr chicroplasis.

High atmospheric CO,

Exposing sunflower plants to 1200 ppm CO, stimulated biomass production of
nitrate-grown plants to an extent sirilar to that of ammonium-ted plants (Fig. 7A,
B). Exposing these plants to relativaly mild salinity (50 mM NaCl) caused a
remarkable enhancement of biomass production under high CO, atmospheric
concentrations. Even after adding 100 mM NacCl to the nutrient solutions, blomass
production of ammonium-fed plarts was not affected by high COs a8
comparad to controls. Obviously, NaC! is not always a plant hazard. Undsr
conditions of very intensive growih I the presence of high CO, atmospheric

concentrations, the avallabllity of K* to this plants may be limiting, In which case

Na* may partially repiace K* on the maintenarice of turgoi nacessary for cell
and leaf expansion. :
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Rool 1esplration

Root resplration of wheat plants was measured as CO5 evolution fiom the
nutrient solutions (pH 7) with and ADC-IRGA. Highest rates of respiration per root
were observed on nitrate-fed plants while the lowest rates were seen in
ammonlum-fed piants (Fig. 8A). Root respiration rates of plants growing on
ammonlum-nlirate were slightly higher than those of ammonium-fed plants. The
higher respiration raite of nitrate-fed plants reflected not only thelr larger size but
also the extent of carobhydrate oxidation to sutisfy the energetic cost of nitrate
uptake. The low rate of ammonium nitrate-fed plants was probably a result of
enhanced uptake of ammonium, whose Influx Into the roofts is achleved malnly
by passive diffusion. ‘

When we expressed the rates of root respiration on the basis of a urit mass (g
dry weight), the plc:ture obtained from overall root respiration remained
unchanged (8B). Nitrate-grown plants exhibited the most Intensive root
respiration white plants with ammonium In thelr nutrient media showed the ‘owest
root respiration per gram dry weight of root. This Is presumably due to the fact
that nitrate uptake, contrary ‘o that of ammonlum uptake, Is an active, energy

. demanding process. The low rate of root respiration by plants fed ammonlum-
nitrate Is an additional indication that ammonium is the main specles taken up
from the mixed nitrogen source.

The rates of whole root respiration were compared with overall photosynthesis
rates of the shoot (Fig. 8C). Nitrate-fed plants spent the highest percentage of
thelr shoot production on the uptake of nitrogen from the medium and on root
growth. Ammonlum-fed plants were energsetically more economical,
presumably because a very large proportion of the carbohydrates delivered by
the shoot to the root were used for ammonium assimilation and subsaquently
reexported as amides to the shoot. A relatively small fraction of the
carbohydrates arriving to the ammonium-nitrate roots was used to obtain
meftabolic energy for active uptake or for root grow’h. The most efficient plants in
this balance between shoot assimliation and root respiration, were planis grown
on ammonium-nifrate, whosa root respiration was ralatively low and simliar to
that of ammonium-fed plants, while thelr photosynihesls was even higher than
that of nitrate-grown plants.

Root respiration and assimliate translocation from shoot to root may be a
function of the composition of the nutrlent medium of the plant. Tomato plants
were grown in a complete Hoagland (H) nutrient medium from where they were
transferred after one month for three days to elther 0.5 mM: CasO4 or 1 MM

KNOg. One leaf of each plant was axposed to 14002 for 20 minutes. Air was

passed through the medium containing the plant roots and the 14CO, released
by root respiration was collected In a 4 N KOH frap solution. Aliquots taken from
the trap solutions were assayed for radloactivity in a liquid scintillation counter .

significantly more 14CO,, was released by the roots in KNO3 than in CasOy,
indicating a larger allocation of recently synthesized carbohydrates to roofs (Fig.
9).

Leaf to grain fransiocation

In another experiment wheat piants were grown throughout thelr complete Iife
cycle. Plants were grown In polyethylene bugs containing 3 kg grave! at the
bottom to insure rapld drainage. This bottom layer was then topped with 10 kg of
fine dune sand. Two levels of salinity were used, 0 and 60 mM NaCl. Nutrient
solutions contained two levels of either nifrate or ammcnium (2 and 6 mM) and
two levels of K* (0.5 and 5 mM). Nutrlent feedings were added once a week In a
volume about 50% larger than field capacity to insure complete removal of the
residue of the previous feeding and to avolid bulld up of salinity. As the plants
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devaloped and thelr water consumption incraased, small amounts of delonized
water were added between nutrdent solution changes to the pots.

Salinity has been shown to Increase the relative amount of freshly synthesized
carbohydrates from the flag leaf to the grain (12). Salinity caused a decrease In
the number of grains produced by wheat plants regardiess of thelr nitrogen
source. However, the translocation of assimilates from the leaves to the grains
was larger In nitrate-fed plants (Fig. 10A, B). This phenomenon was evident on the
production of larger Individual grains by nitrate-fed plants, compensating almost
totally for the dacrease in the number of gralns produced. More detalled studies

on this matter wero carried cut supplying 15N to wheat plants In the fcm of either

15NH4* or 15NO;,' (8). Although they gave an insight on assimilate partitioning at
the time of grain filing, the limitation of these studies and these described in this

paper with 1“CO;‘_; Is that they followed transiocation of only the recently
assimilated nitrogen or carbon. The impact of ammonium and nitrate teeding,
as affected by salinity and other mineral nutdents, on the hydrolysis of leaf
components and thelr mobllization to the filing grains is still largely unkncwn.

$'nk priority

14(’;02 puises were applied to wheat leaves for 15 minutes during the grain filling
stage of wheat plants grown on elther ammonium or nitrate. Salinization in one
third of the pots was started 2 weeks after germination (0) while in cnother third
the same level of salinity was applied 70 days after germination and before ears
emarged (70d). The remaining fhird cf the pot did not recelve salt (CONY).
Twenty four hours after the radioactive pulse, the plants were harvested and
separated into distinct anatomical parts: young tillers, leaves of the main tliler,
stem of the maln tlller, ears and roots. The harvested plant material was oven-
dried and finely ground. The radloactivity in the powder was measured In a liquid
scintillation counter. Ammonlum-fad plants diverted the largest part of the
radioactive assimilates to the developing tiller (Fig. 11A) while nitrate-fed plants
diverted thelr assimllates preferentially to ihe daveloping ears (Fig. 118). We do
not understand yet why plants grown on different nitrogen sources established
different sink pricrities for assimilate allocation. The different location of the main
nitrogen assimilation centers, the root for ammonium plants and the shoot for
nltrate plants, may be determining faciors on the allocation of carbohydrates to
developing sinks. We have observed that in wild varletles of wheat In controlled
greenhouse experiments, ammonium nutrtion enhanced tillering and shoot
development whlie nitrate-fed plants gave a higher priorty to assimilate
allocation tc the fliing grains (13). Ammonium-fed plants invested a
conslderable amount of assimilates in late season young tillers which did not
have time to flower and produce grain,

CONCLUSIONS

it may be concluded that nitrate and ammonium assimilatio by plants show
effects far beyond the Immediate energy cost of uptake and assimilation of
these lons, The influx of these nitrogen compounds into the plants evokes
physiological responses which determine the extent of biomass production,
grain yleld and salinity resistance of the piants.

Much of the Influx of aminonium inio the roots in alkaline soils (pH 7-8) Is by
passive diffusion. The plant has to destoxify the incoming ammonia by
assimilating it into organic compounds, a processes which requires a supply of
carbohydrates from the shoot to tha ioot to furnish carbon skeletons for the
assimilation of ammonium. Carbohydrate supply from to the root may be
impalred by Iimited photcsynthesls or franslocotion when other physiclogkcal
processes (osmeregulation, high maintenance respiration, lon uptake, root
growth) Increase the demand for assimilatss, required for growth and the
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generation of metabolic energy . Under these circumstances the root of an
ammonium-fecd plant may, at best, copes with ammonla assimilation at the
expense of root development and this will eventually affect overall blomass
production. At worst, It may limit assimilation of only part of the ammonium
entering the root while drastically arresting blomass production. '

The large dependence of ammonium-fed plant to medium K* as compared to
nitrate-grown piants Is presumably related to the operation of the K*-shuttle in

plants (14). Since this K*-recirculating system operates exclusively in nitrate-fed
plants, its absence in ammonilum-grown plants may explain the larger aemand

of these plants for K*.

The observed improvad development of plants receiving mixed ammonium-
nitrate may be due to a nltrate-enhanced supply of carbohydrates to the roofts
(15). Studies currently conducted by Martins-Lougao (personal communicaticn)
seem to indicate that picnts in mixed ammonlum-nitrate readily absork first
ammonium and then nitrate. This Is evident by following uptake of these nitrogen
compounds from the nutrlent medium. The medium pH drops Inltially, indicating
preferential uptake of ammonium, and rises later with the subsequent uptake of
nitrate. Addltional support for this view may be found In several results shown In
this paper (Figs. 3 and 3) In which plants fed ammonlum or ammonium-nitrate at

low external K* concentrations are very similar.

As agriculture In Israel becomes more intensive, with the use of greenhouses
and sollless cuiture with dally fertigation, the need to rely on a more
sophisticated use of different forms of nitrogen becomes more pressing.
Advancad fertllization in general and the use of nitrogen and potassium In
particular, control priority to either vegetative or reproductive growth, control
more eifectively timing and quallty of seed production and Increase the protein
content of the crop produced.

Understanding the physlological rasponses to ammonium and nitraie nutrition
may be important not only In advanced Intensive agriculiural systems but also In
lmigation with marginal water resources such as brackish and waste water as well
as for dry land agriculture in arid and desert arecs. Beiter use of nitrogen fertllizers
may signlficantly increase .alt tolerance of inany crops traditionally defined as
salt-sensitive (16,17,18).

We have also learned that the selective use of different cormbirations of
nitrogen and potassium fertilizers may be an important factor fer increased
production of non-irrigated crops in arid and desert areas. Advanced fertllization
under these harsh environmental conditions can improve utilizalion of soll
molsture by controlling root development (19), Increasing water and nitrogen
use efficiency, boosting a mora efficient translocation of assimilates from
vegetative to reproductive parts of the plants, etc.
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Figure 1: Biomass production of wheat seedlings grown for 21 days on nutdent
solutions contalning 4 mM nltrogen In the form of ammonium, nitrate or
ammonium nitrate. Three levels of K were used - 0.1, 1.0 and 5.0 mM.




500
A
Py
[
£ o AMMONIUN
a 4w-' ----- .’---—-
= ! ""3
8 11 -O \
& h NITRATE
= 300
E
zw L ]  § v 1
0 1 2 3 4 5
mM K+
800
E
E P B
[ \
£ 7004 @
> |\ AMMONIUM
S
o 600 A L 2
S ~~~s~
5 O
B 5001 NITRATE © —3
E
m L} 1 T L 4 4
0 1 2 3 4 5

mM K+

Figure 2: Transpiration of 21 day-old wheat plants grown on 4 mM ammonium- or

nltrata-nitrogen in the presence of different concentrations of K*.
A - Transpiration (ml water) par plant shoot
B - Transplration (m! water) per g dry welght
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Figure 3: Water use efficlency cf 21 day-old wheat plants grown on 4 mM
nltrogen suppled! elther as ammonium, nitrate or ammonium-nitrate In the

presence of different concentrations of K*,
A - Transplration (liters water) per plant
B - Water use efficlency - g dry welght/liter water
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Figure &: Crganic (Kjeldhal) nitrogen content of 21 day-old wheat plants grown
on 4 mM nitrogen supplied either as ammonium or niiiate with ditierent levels of

K* in the nutient solutions.

A - Organic nitrogen in whole plants
B - Organic nltrogen concentiation in plants
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the nutrient solutions.
A - Uptake of nitrogen per g

Figure 5. Nitrogen uptake and its assimilation to organic nitrogen compounds in 21 day cld wheat
plants grown on 4 mM of elther ammonium or nitrate nitrogen and dilfferent concentrations of K* in

dry welght of roots

B - Percent nitrogen taken up recovered In plant as organic nitrogen.
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Figure 6: Photosynthesls rates per hour of wheat plants grown on elther
ammonium, nltrate or ammonium nitrate nitrogen and different concentrations

of K* in the nutrlent medium.

A - Photosynthesis of the entite shoot
B - Photosynthesls per gram dry weight of shoot
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Figure 7: Blomciss production of sunflower plants grown on 4 mM nitrogen. Two
initially Identiccl batches of plonts ware grown under low (340 ppm) and high

(1200 ppm) CO, in the presence of of 0, 50 and 100 mM NaCl.

A - Nitrate supplied to nutrient solution,
B - Ammonium supplied to nutrient salutions.
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Figure 8: Respiration (CO, evolution) rate of roots of wheat plants grown on
either ammonium, nitrate or ammonlum-nitrate nitrogen and different
concentrations of K* In the nutrient medium.

A - CO, evolution by whole roots per hour.

8 - CO, evolution per g dry welght root per hour
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Figure 8¢c: Root resplration expressed as percentage of shoot photosynthesis,
Wheat plants grown on either ammonlium, nitrate or ammonium-nitrate and

differant concentrations of K* in the nutrient mediurn.
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solutions (H) and transfered to elther NOj™ or CaSO, for three days prior fo pulse.

170



171

T SEED DW AMMONIUM
A

SEED DW :
SEED NUMBER NH4 KN
A NHakn
K NHakN
EAR NUMBER B NHakn

T 7T T L

—1 T
~55 -45 -35 -25 -15 -5 5 15 25 35 45

RELATIVE CHANGE (%)

T SEED bW
SEED DW
SEED NUMBER
NO3 KN
! NO3 Kn
NO3 kN
EAR NUMBER , NO3kn
v v T Tty v

L] | v M [
-55 -45 -35 -25 -15 -5 5 15 25 35 45
RELATIVE CHANGE (%)

Figure 10: The relative effect of 60 mM NaCl on diferent parameters of the reproductive growth of
wheat fed different concentrations of nitrogen (A - ammonium, B - nitrate) and potassium.

k. K-0.5 and 5 mM K* In nutrient solution, respectively.

n, N - 2 and 6 mM nitrogen in nutrient solution, respectively
T SEED DW, total dry weight of seeds haivested.

SEED DV, Individual average grain dry weight in treatment.
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Figure 11: Radicactivity allocation in young wheat piant parts as percentage of

total radioactivity, 24 hours after ‘4002 pulse. Three groups of wheat plants
grown on elther ammonium or nitrate where exposed to 60 mM NaCl from the
beginning of the expariment (0d), after 70 days growth (70d) or not at all (CONT).
A - Radioactivity in tillers as % of total Iabel In plant
B - Radioactivity In ears as % of tctal iabel in plant
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FOLIAR FERTILIZATION OF PLANTS IRRIGATED WITH BRACKISH WATER

Giskin M. L., R. Shaked and $. H. Lips
Piant Adaptation Research UnH, J. Blaustein Institute for Desert Research, Ben-Gurion University of
the Negev. Sede Boqer, Israel.

introduction

In the past several decades heavy and often indiscriminate applications of fertllizers, herbicides
and pesticides to highly enriched solls have frequently caused heavy damage, to our
environment. This Is seen notably in the contamination Iakes, rivers and aquifers (Jackson, 1982).
Also, energy and other Inputs have inc.reased in cost and, this in tum, hos raised the outiay for
agricultural production (Neilsen and MacKenzie, 1977). The combination of these ecological and
economical considerations have brought on the realization that further, significant contributions to
world food production must come from crops grown In relatively nutrient-poor and problematic
soils and where limited resources and lirigations water are avallable.

In some clrcumstances, foliar fertilization may be the only or the mos! effective means for
applying essential nutrernts. This is the case of saline lands or lands Irigated with brackish water,
Enhanced nitrogen fertilization of plants Irigated with saline water brought cbout a decrease in
salinity damage to peanut (Silberbush and Lips, 1989) and wheat plants (Leld|, Sliberbush and Lips,
1989). Experiments with mcize have shown that the alleviation effects Is greater with sprinkler than
with trickle fertigation (Mc.gnusson, Ben Asher and Lips, 1989). The use of foliar tertilization, rather
than sprinkler fertigation was not directly assessed in these experiments.

In recent years the foliar npplir ation of essentlal nutrients (alone or In combination) has increased
and has been used for a variety of purposes. Thess have included:

1. Incieasing ylelds of maize, soybean and other fleld and row crops (Garcia and
Hanway, 1976; Giskin and Efron, 1986).

2. Cormrection of speclfic macro and micronutritional deficlencies (Lauer, 1982).

3. Improving the storage characteristics of frults (Yogaratnam cnd Sharples, 1982).

4, lﬁcreoslng the quallty and sugar content of muskmelon (Giskin and Nerson, 1984).

In view of the results reported by Magnusson ef al (1989) which point to a nitrogen uptake system
extremely sensitive to NaCl in the root system of maize, the convenience to bypass this sensltivity
by supplying essenticl mineral nutrients through the leaves, became evident. It was proposed to
study the effect of follar application of NPK on the development of maize plant rigated with
brackish water.

Material and methods

A pot axperiment was initiated on the grounds of the Blaustein Institute for Desert Research. There
were five concentrautions of fcliar fertilizer solutions of NPK: 0, 2, 3, 4, and 5 per cent. The ratio of NPK
In the follar solutions was 7:1:1. Tne solutions were prepared from APP (ammonium
polyphosphats), urea and K2504. Dune sand was used as the growih medium. To create a saline
substrate, a 60 mM solutions of NaCl was applied to the dune sand. When needed, the sand was
fertilized with sailt solutions normally used In hydroponics. Ten kg of dune sand were placed over 3
kg of gravel In black poiyethylene bags. The experimental crop was maize (Zea mays L., var.
Jubllee). The four substrate treatments and five follar treatments were as described In tabie 1.



TABLE 1: Soll and follar fart!lizer freatments used

Treaiments Application Yo soll Follar application
% NPK
A Fertilizer + 60 mM NaCl
8 Fertilizer only
C 60 rnM NaC!
D Control
1 0
2 2
3 3
4 4
5 5

Four seeds were sown o each contalner. Germination took place within 4 days at which time the
contalners were {hinned o two plants per container. Substrate treatments (A to D) were carled
ouf at five weekly intervals, beginning 4 days after germination.

Fcllar applications were inltiated at the 4-leaf stage. There were three applications which took
place on days 14, 21 and 31 after germination. Ali follar applications were carried out at dusk.
Transpiration rates, photosynthesis and stomatal conductance of individual plants in all
treatments were measurad on day 26 after germination (Figuros 3, 3q, 3b). The harvest was
carrled out 40 days after germination, at which time fransoiration, photosynthesis and stomatal
conductance were determined once more (Figure 4, 4a, 4b) prior to the harvest. Samples for
fresh (Figure 1) and dry weight (Figure 2) were also detemiined at this time.

Reiults and discussion

Ten days after germination and three days prior to the first foliar fertilization applicaticn, the
following observations were recorded regaiding elant devslopment:

(1) Al! plants recelving soll fertllization onty (treatment B) were developing normally.

(2) Plants without substrate fertllization (treatment D) were smaller and thinner and there was
yellowing of the leaf edges.

(3) No effect of salinity (60 mM NaCl) was visually evident upon plant growth. Plants recelving
substrate fertiiization plus salinity (freatment A) or fertlization without salinity (treatment B)
had similar development. This held true for plants which did not recelve substrate
fertlization with (treatment C) or without (treatment D) addition of salt.

Addltional plant development observations on the day of the last foliar fertilizer application
showed the foliowing:

(1) The plants which did not recelive substrate application of fertilizer had begun to recover after
having received half the amount cf fertilizer given to the plants in the fertilizer treatment.
The application had been carried out 19 days after gemination.

(2) The effect of the salinity on plant development is now seen. In all cases, plants having
received 60 mM NaCl were smaller in size than those without salt.This held true for the
treatmenis with and without substrate fertilize: application. Other than being smaller In size,
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no otheér effects on plant development were noticeable.

The foliar application of a 4 or 5 percent solution of NPK, regardless of the substrate treatment, In
the majority of the cases Increased the rates of photosynthesls, stomatal conductance and
transpiration. This was most noticeable in treatments C (includes 60 mM NacCl) and D (control, no
additions). With time the positive influence of the follar fertilizer applications decreases. By the
date of harvest (40 days after germination), the stubstrate treatment was mere Influential than it
had been at an earller growth stage.

The fresh and dry welghts of the malze plants harvested in day 40 after germination are shown In
Figures 1 and 2. it may be seen from these figures that the foliar application of NPK hada little or no
Influence on the development of plants when they are grown in a substrate ferility leve! that s sub-
standard (In our case zero feitllizailon) or a high level of salinity only. On the other hand, these
same figures show that three of the feilar applications of a flve peicent solution of NPK results in a
significant Increase In the dry welghts of maize plants grown on substrates having received
adequate fertilization (freatment 8). In addition, treatment A shows that this same significant
increase In dry welght is achieved under :aline conditions where the substrate has recelved
adequate amounts of plant nutrients.

The resuits presented indicate that follar fertillzation may constitute an agrotechnique of
signlficant effectiveness to ootaln normal ylelds by salt-sensitive crops where brackish waters are
used in imigation.
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Saline Water lrrigation and KNO3 Fertilizaticn in Peanut

E.P. Pacardo

Institute for environmental Sclence and Management, University of the Philippine:
at Los Banos, College Laguna, Philippines.

introduction

The deleterious effects of salinity on different growth processes have already been
documented. Some of these growth processes Include cell enlargemeht and divislon (Nieman,
1965), protein synthesis (Weimbarg, 1975) and many others.

Experimental evidences have shown the possibliity of using KNO3 fertliizers to ameliorate the

toxic effects of salinlty on plants. In Israel for example, peanuts were grown successfully for two
years In the sand dunes using saline irigation water (EC= 1.6 - 6.5 mmhos/cm) mixed with various
concentrations of KNO3 applied through trickle lrrigation system (Sliberbush et. al, 1985). The
Israell researchers therefore arrived at a conclusion thai salinity hazards In salt sensitive crops car

bereducedby adequate nitrogen ferlilization,
In this study, we are reporting the results of preliminary experment on the effact of KNO3 on

peanuts grown in NaCl stressed conditions.
Materials and Methods

This experiment was laid out In a 3 x 4 factorial in randomized complate block design (RCBD) wit!
three replications. The treatments wera ditfsrant concentrations of KNO3 : 0, 75, 150 and 350 ppm

and water electrical conductivity levels: 0, 4, 8 mmhos/cm ot 259C, achieved by NaCl.
Treatment application started 1 month after seed sowing. The sclution mixtures of NaCland KNO:
were applied through simulated drip Irrigation system using dextrose assembly. KNO3
application was withdrawn at the 4th month, and replaced by NH4Ci at reproductive stage 4.
The plants were harvested at the 5th month after seed sowing, and growth and yleld parameters
were measured.

RESULTS AND DISCUSSION

A. GROWIH DATA

No significant interaction between NaCland KNO3 was observed in all growth parametsrs, as

shown In Table 1. However, different NaCl levels had highly sigrificant effects on almest al! grov.ti
parameters except of shoot dry weight (Table 1). The significant effects of KNO3 alone was

observed only on root length and shoot dry weight.
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The growth response of per.nut to NaCl salinity can be clearly seen in Table 2. The general trend
indicates a tignificant decrease in growth of peanut as the level-of NaCl increased.

On the other hand, significant effects of KNO3 on shoot dry welght and root lenght are shown in
Table 3. Addition of KNO3 apparently enhanced root elongation and dry matter accumulation b
shoot of peanuts grown in salt-siressed conditions. The resulls agree with the observation

of Helul (1979) in Yiglafabag (broad beans) . Increasing the supply of K* improved the growth of
the salt-stressed planis despite of the increasing osmotic potential of the medium (Helal, 1979).

B. YIELD DATA

Significant Interaction between NaCi salinity and KNO3 was observed on the pod yleld of peanuts
As shown in Table 4, dry pod yleld generally decreased with increasing NaCl level. However,
addiflon of KNO3 Improved the pod yleld of peanuts grown in salt stressed conditicn. At 4
mmhos/cm, the hlghe;t yleld was observed when 75 ppm KNO3 was supplled In the growth
rnedium. On the other hand, higher concentration of KNO3 (150 ppm) was needed ai 8.0
mmhos/cm. The results support previous observations on similar experiments In peanuts
(Sllbemush et al. 1985 and Reano et al. 19867).
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Tabie 1. Summarized ANOVA resulls on the effect ¢ . different Leveis of NaClsaiinity and
KNO3 on the growth and yleld of paanut, (UPLB, Phillipinas, 1968).

PARAMETERS NaClLeveis KNO3 NaCl x KNO3
(mmhos/cm) (ppm)

(1) Root Fresh wt (q) *w ns ns

(2) Root Dry wt (@) i ns ! ns

(3) RootLeng-t(cm) ol ' * ‘NS

(4) Shoot Fresh wt (@) * ns ng

(5) Shoot Dry wt (g) ns ** ns

(6) Shoot Lenght (cm) .- ns ns

(7) Dry wt. of pods (g) o ns *

*

Significant at 5% Level

* w

= Highly significant at 1% Level
ns = Not significant.
Table 2. Effect of different NaClLeveis on the growth of peanut. (UPLB, Philppines, 1988). !
NaCl Levels Root Fresh Root Dry Root Shoot Fresh Shoot
{mrnhos/cm) wt (Q) wt (@) Lenght (cm)  wi (Q) Lenght {cm)

0o 4383 a 9.60 a 4554 a 19002 a 93.83 a

4 1770 b 3NNb 37.84 bc 13041 ¢ 7721 b

694 ¢ .77 ¢ 332¢ ¢ 18370 b §8.29 ¢

RO B R N S S S S OO S R R T R T S I S S S I S S I S S T R S E R S I NS SRS
1 Means within a column followed by common letters are not significantiy ditferant (p £.0.05;

according to Duncan's Multiple Range Test,
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Table 3. Etfect of ditferent KNQ3 concentrations on root lenght and shoot dry welight of
peanut . (UPLB, Phiippires, 1988), !

KNO3 Root Shoot Dry
concentration (ppm) Lenght (cm) Welght (Q)

0 3905 a 39.89 b

75 4433 a 49.53 a

180 3328 b 4253 a

350 3889 a 61.52 a
1. Means within a column followed by common letters are not signkicantly different (p_< 0.05;

according tc duncan's Multiple Range Tast.

Table <. Dry welght of peanut pods cs atfected by different levels of NaCl and KNO3,
(UPLB) Philpplnes, 1988), !

KNO3 NaCl Salinity Levels (mmhos/cm)
(ppm) 0 4 8
C 398 a 167 c¢h 633 h
75 325 abc 3397 ab 13.33gh
180 31.6 ad 22.77 cg 1277 gh
350 26,73 be 25.97 bt 101 h
1 Means within a column follc wed by common letters are not significantly different (p <0.05;

according to Duncan's Multiple Range Test.
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Simulated water and solute distribution from a crossed triple line-source

D. A. Magnusson and J. Ben Asher

Jucob Blaustein institute for Desert Rescarch, Ben-Gurion University of the Negev, Sede Boqer Campus, 84993 Israel

Rzceived March 1, 1989

Summary. Multivariable irrigation experiments are
usually expensive and scldom cover the whole runge of
desired valucs, The crossed triple line-source (CTLS)
was desngncd to provide a relatively simple and inex-
pensive irrigation system for creating continuous gra-
dients of more than onc variable. A computer mode!
was developed to assist in cvaluating the continuously
changmg multivariable levels, produced by the CTLS,
given various mpuls A single sprinkler's distribution
function was uscd in the mode!'s development. The
results of the overlapping sprinkling patterns arc cal-
culated throughout the experimental arca for water

depth, salinity level, and Nitrogen concentration. -

Mcasured values of irrigation waler electrical conduc-
livity (EC,) and Nitrogen concentration were in good
agreement with predicted values.

The linc-source.sprinkler system (Hanks et al. 1976) is
an example where controlled nonuniformity of water
application is used to create a desired gradient. Lauer
(1983) further devcloped this concept by constructing
three parallel lines and injecting Nitrogen into the
middle line. This triple linc-source created a Nitrogen
L..radicnl on either side of the middle line, while main-
laining a uniform water application. Recently, Mag-
nusson ct al. (1989; uscd & variation of the triple linc-
source to study the combincd eflects of salinity and
Nitrogen fertilizer on corn yicld. In this experiment
crossed gradients of two variables (salinity and Nitro-
gen) were gencrated by the CTLS. The geometry of
this system is prescnted in Fig. 1. The experimental
area is divided into four plots. Because the two gradi-
ents are superimposed and perperdicular to onc an-
other, any point ‘n a plot ieccives a diffcrent combina-
tion of salts and Nitrogen.

Numgrous questions arc raiscd when designing
such a system; such as sclecting the appropriate sprin-

klers and their spacing, evalualing the distribution of
water, salts, and nutrients for each selection, and for-
mulating the rclated sampling policy. Addressing all
these questions by a field study would require consid-
crable time, labor, and financial resources. Thus a
modcl, which could simulate the distribution of the
major variables of the system, becomes an attractive
approach for cxamining these questions. Willardson
et al. (1987) developed a model for selecting the best
sprinkler and spacing to maximize uniformity in linc-
source experiments. This paper describes a computa-
tional procedure that was devcloped to simulate the
CTLS performance, including distribution of water,
salts, and Nitrogen over the experimental arca.

Proccdure

i
A preliminary test was conducted to determine the
appropriate sprinkler for the irrigation system. A
sprinkler was required that would produce a lincar
distribution and a wetting radius of 10.0~12.0 m.
Catch cans were placed cvery 0.5 m along the radius
the wetled circle of one sprinkler, Each sprinkiecr tested
was operated for 30 minutes under four different pres-
sures (0.20, 0.30, 0.35, 0.40 MPa) in an enclosed shed.
Water amounts from each can were collccted and mea-
sured. The data from the pre]nmmary cxperxmcnt for
Naan sprmkler 323/92 (the onc chosen for our svstcm)
arc shown in Fig. 2. The water distribution functions
of the cxpunmcntal results are dcscnbed by two hncar
regression equau_pns i

‘ '0.0<dsl.6

25.1—9.11d;
I()={124—1.244d;" for 1.6<d<D (1)
.0; when d>D '

where 1(d) is the application rate (mm/h) 2! distance J
(m) from tire sprinkler, and D is the wetted radius ().
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The correlation coeflicients of the regression lines for
the two equations were 0.98 and 0.99, respectively.
Actual field measurements were taken from vari-
ous Jlocations in the exaerimental plot. The sampling
technique was described earlier (Magnusson ct al.
1989) and here only the additional details rclevant to
this study are mentioned. Water meters were placed on
botli thie saline and nonsaline main lines and were rcad

D. A. Magnusson and J. Ben Asher

befare and after every irrigation. The EC of both water
sources was monitored throughout the scason. The
saline waler had an average EC of 7.0 dS/m, whereas
the nonsaline water averaged 1.0 dS/m. Ammonium
nitrate was injected into the middle line of the Nitro-
gen set using a diaphragm injection pump. This system

pulsed a predetermined amount of NH,NO, solution .

into the middle linc. Accuracy of the pump was
checked by measuring the volume of the solution in
the container before and alter irrigations. Samples of
water applicd to the plot were. collected from each
irrigation using 10 cm diameter funnels attached to
collection botiles. In order to minimize the cffects of
evaporation, irrigations were applied at night and the
water samples were taken to the lab the following
morning and measured for Nitrogen, EC, and depth of
irrigation. Wind speed never excecded 0.5 m/s dunng
any of the rcporlcd xrngatlons i

An overview of the CTLS is shown in Flg 1 This
system is composed of two irrigation sets, the Nitrogen
sct which creates the Nitrogen gradient and the saline
set which creates the salinity gradient. The experimen-
tal area created by the CTLS is divided into four plots,
each plot being a mirror image of its neighbor. It is
therefore sufficient to simulate the distribution pattern
in one plot in order to study the concentration of nu-
tricnts and salls over thc entire; CTLS experimental
area. SRR N O

In this example irrigation was applied with the two
sets separately. The saline set was operated first and
applied most of the water. Only the small amount of
walter nccessary to apply Nitrogen and rinse any salts
from the lcaves was given through the Nitrogen set.
Thus, irrigations were given by two time scts.

degnr gole ]

Computational schen:e L

The boundaries of a single plot-arc marked by eight
sprinklers (Fig. 1). The geometry'of the field is dec-
scribed by two sets of coordinates. One set identifics
sites on the field such as x, and y, with respect to the
plain coordinates x and y. Thc second set of subscripts
identifics this point with respect to its distance from
the contributing sprinklers, x, and j,. i* '

Each sprinkler (s) can beiidentified by its coordi-
nates, solute conccnlrauon, and: duratlon of irrigation
as: e l - L v ‘l, 1, v
S(.\C")',,C“l,)" ‘.‘ ‘» B .l“: e ‘
[} ' T oo . .
where ¢ is the duraticn of irrigation (1) and C is the
solute concentration (kg/m®). Water. from all sprin-
kling sources is mixed at various proportions al any
point p within the boundaries of the plot. The purpose
of the simulation model is to predict the resultant
amount of water, salts, and nutrients at p.
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Simulated water and solute distribution

Table 1. Simulated output data for a typical irrig
scts were 40,0 and 6.0 m? respectively. Saline w
contribuling sprinklers in one plot; (B) Resullant clectricat conductivity of the irri

(NHNO, solution applicd =4 01, applicable to C only)

alion using the CTLS., Amount of waler supplicd through the s
ater EC = 7.0, nonsaline water EC=1.0 (

aline and Nitrogen
k 4S/m). (A) Total water distribution from all
gation waler; (C) Resultant Nitrogen concentration.

Table 1A

Dist. Distance from saline linc (m)

from

N line 0.5 1.5 2.5 35 4.5 5.5 0.5 7.5 8.5 9.5 10.5° 11.5

(m) .

{mm)

0.5 320 30.0 30.0 29.0 27.0 27.0 27.0 27.0 29.0 30.0 30.0 320
1.5 32.0 Mo 29.0 28.0 28.0 27.0 27.0 28.0 280 29.0 31.0 32,0
2.5 44.0 32,0 30.0 28.0 28.0 28.0 28.0 28.0 28.0 30.0 32.0 440
3.5 43.0 32.0 30.0 28.0 27.0 28.0 28.0 27.0 28.0 30.0 32.0 43.0
4.5 32.0 30.0 29.0 28.0 27.0 27.0 27.0 27.0 28.0 29.0 30.0 320
5.5 31.0 30.0 27.0 27.0 27.0 26.0 26.0 27.0 27.0 27.0 30.0 31.0
6.5 31.0 30.0 27.0 27.0 27.0 26.0 26.0 27.0 27.0 27.0 30.0 31.0
7.5 32.0 30.0 29.0 28.0 27.0 27.0 27.0 27.0 28.0 29.0 30.0 32,0
8.5 43.0 32.0 30.0 28.0 27.0 28.0 28.0 27.0 28.0 30.0 320 43.0
9.5 440 32.0 -30.0 28.0 28.0 28.0 28.0 28.0 28.0 30.0 320 - 440
10.5 320 31.0 29.0 28.0 28.0 27.0 27.0 28.0 28.0 29.0 31.0 320
11.5 320 30.0 30.0 29.0 27.0 27.0 27.0 27.0 29.0 30.0 30.0 320

The distance between any sprinkler and any point
pis
dp = SQR[(x,~x,)* + (y,—y,)"]. (2)

Watcr application ratc at point p duc to sprinkler s is
a function of this distance and can bc expressed as

llp =f {dlﬂ} ¢ (3)

However, p is subject to input from a large number of
sprinklers and their additive intensity (m®/m?%/h) is

I, = SUMIL,]. @)

By including the length of time each sprinkler irrigates,
the total depth of water applicd at p (m?/m?) can be
expressed as

Q,=SUMI,I,]. ‘ (5
The total salt application (TS, kg/m?) at p is
TS, =SUM[C,¢t,1,]. ' (6)

The expres:ﬂ:on in Eq. (6) is similar for Nitrogen with
TN, representing the total amount of Nitrogen applicd
(kg/m?) at p.

Required input and gencrated output

Fequired inputs are EC of salinc and nonsaline water,
umount of water applied by cach sct, and volume of

NH,NO; solution applied through the system.
Amount of purc Nitrogen (kg) is calculated assuming
the NH.NQ, solution is 20.0% Nitrogen and has a
specific weight of 1.26 kg/l. Since each of the three lines
in the Nitrogen set applies cqual water amounts, the
volume of water applied by the Nitrogen source linc is
casily determined. The Nitrog-n concentration (mg/1)
in the Nitrogen source line is calculated from this
information. ,

Gencerated output includes Nitrogen, salt, and
water distribution, irrigation uniformity, duration of
irrigation for each set, and average water depth ap-
plicd throughout the plot. Point values for water,
Nitrogen, and salt distribution are calculated begin-
ning at 0.5m from any line and arc equilatcrally
spaced 1.0 m from onc another. Thus in a single plot,
12 m by 12 m, 144 point values are calculated, Water
depth is reported in mm, EC, in dS/m, and Nitrogen is
displayed both as a concentration (mg/l) and as an
amount (kg/ha).. ‘... 4 .,

. R T I A R ‘1

L AT
P [N TTROR ST TR BY N PR IR
Results and discussion, - -0 4oy o 0 1y o0
R N L Y A P IS TTa

Table 1 shows a typical output for water.amount, EC,,
aid Nitrogen concenttation., The data:reveal a higher
variation of water application near the sprinklers but
more uniform ‘distribution .toward the center of the
plot. Low water uniformity had a nealigible cflect on
EC,, as can be scen in Table 1 A and 1-B. For example,
differences of 37.5% in water application amounts (sce
column 1 in Table 1 A) were associated with only a
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Table 1B
Dist. Distance from saline line {(m)
irom -
Nline 0G5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 1.5
(m)
(dS/in)
0.5 6.2 6.2 5.7 5.1 4.6 3.9 3.2 24 1.7 1.1 1.0 1.0
1.5 6.3 6.2 6.0 5.5 48 . 40 3.1 23 1.6 1.1 1.0 1.0
2.5 6.5 6.3 6.0 5.6 5.0 4 3.2 2.2 1.5 1.2 1.0 1.0
3.5 6.5 6.3 6.1 5.7 50 .44 3.2 2.2 1.6 1.2 1.0 1.0
4.5 6.3 6.3 6.1 5.6 48 - © 44 3.1 24 1.7 1.1 4.0 1.0
5.5 6.3 6.3 6.1 5.4 4.7 40 33 2.5 1.7 1.1 1.0 1.0
6.5 6.3 6.1 6.1 5.4 4.7 4.0 33 25 1.7 1.1 1.0 1.0
7.5 6.3 6.3 6.1 5.0 4.8 4.1 3.1 2.4 1.7 1.1 1.0 1.0
8.5 6.5 6.3 6.1 5.7 5.0 4.1 3.2 2.2 1.6. 1.2 1.0 1.0
9.5 6.5 6.3 6.0 5.6 5.0 4.1 3.2 2.2 1.5 1.2 1.0 1.0
10.5 6.3 6.2 6.0 5.5 4.3 4.0 31 23 1.6 1.1 1.0 1.0
11.5 6.2 6.2 5.7 5.1 4.6 3.9 3.2 24 1.7 1.1 1.0 1.0
Tabic 1C
Dist. Dislance from saline linc (in)
from
N line 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11,5
{(m)
N (mg/l)
0.5 66.0 71.0 102.0 103.0 78.0 78.0 78.0 78.0 103.0 102.0 71.0 66.0
1.5 61.0 , 66,0 72.0 74.0 73.0 73.0 73.0 73.0 74.0 72.0 66.0 61.0
2.5 410.: 3580 64.0 67.0 67.0 64.0 64.0 67.0 67.0 64.0 580" 41.0
35 . 350 ., 510 56.0 59.0 58.0 55.0 55.0 58.0 59.0 56.0 51.0 " 35.0
45 , 390 44.0 48.0 49.0 49.0 47.0 47.0 49.0 490 V' 480 440 39.0
5.5 320 35.0 39.0 40.0 39.0 37.0 37.0 39.0 400 - 3%0 35.0 32.0
6.5 240 24.0 28.0 28.0 27.0 28.0 28.0 27.0 28.¢ 28.0 240 240
7.5 160 - 16.0 15.0 15.0 17.0 19.0 19.0 17.0 15.0 15.0 160 16.0
8.5 6.0 7.0 7.0 7.0 8.0 9.0 9.0 8.0 7.0 70 7.0 6.0
9.5 10 . 20 2.0 20 2.0 1.0 1.0 2.0 2.0 20 ° 20 1.0
10.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 " 00
11.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4.8% change in EC; (see column 1 in Table 1 B). In this
simulation, this “buffering” cffect occurred because the
saline sct supplied the majority of the water. The rela-
tively small amount of water received from the Nitro-
gen set had little affect on the final salt concentration.
Thus, the same effect would be scen in Nitrogen con-
centration il the Nitrogen set was uscd to apply the
majority of the water. Note however, that cven though
the concentrations are bullered, the actual solute
amounts arc not.

Although there are many different approaches to
evaluating water application unilormity (Scginer
1987), the most commonly uscd mcihod is still the
Christiansen uniformity coeflicient (U,, Christiansen
1941), which reflects the absolule deviation of the san.-
ples fror: the mean value. In this paper U, is expressed
in pereent.

Uniformity for each irrigation will vary according
to the proportion of water cach sct applies. The highest
uniformity is obtained by applying equal water
amounts from both sets, while the lowest uniformity
occurs when onsy one set applics water. This is because
the sprinkler density increases whien water is applicd
with two sets. Table 2 shows the range of U, values that
can be expected and the advanlage gained by avoiding
the 1-mecter strip nearest the line. An increasc in unifor-
mity of almost 4.0% can be obtained by supplying
cqual amounts of water [rom both sets anl avoiding
the strip nearest e lines.

Irrigation depth and U, derived from ieasiired and
simuluted data are compared in Table 3. ‘imulated
valucs were always higher than those meas. red. This
may be due to many factors, two of the most obvious
are mentioned here. First, no attempt was made to



Simuluicd water uand solute dishribution

Table 2. The simulated range of possible water application uni-
formitics. U, = Christianscn uniformity cocfficicnt cxpresscd as
parcens

U, (%)
All Only points >1.0m
points from any linc

Lqual water amounts 93.2 94.4

from both scts

Water fiom only onc sct 90.5 92.3

Tuble 3. Comparison of simuluted and mensured values for irri-
gation depth and U,

Date Watcr depth (mmy) U (%)

Simulated  Measurcd Simulated  Mcasured

6/16/88 41 36 93.3 92.2
6/18/88 36 M 93.4 21.9
6/21/88 39 36 929 92.1

program wind cffects into the model, thus actual
values were affected by wind while simulated values
were not. Secondly, the water volumes used for these
simulations were taken from water meters located oul-
side the plots. It was assumed that all of this water was
applicd to the plot through the sprinklers. Water lost
due to pipe drainage and leakage is not accounted for
in the model. Therefore, higher values for the simulat-
ed irrigation amounts would be expected.

Simujated and measured EC, values are coinpared
in Fig. 3. These samples were taken from numerous
irrigations \hroughout the growing scason. The high
correlation cezfficient and a slopc near 1.0 indicate
good agreement tetween simulated and measvred re-
sults.

The simulated versus measured values for Nitro-
gen concentration (Fig. 4) were very similar to the EC,
results. The Nitrogen values were distributed fairly
evenly on cither side of the 1: 1 line cxcept when Nitro-
gen was very low. These values represent locations
farther than 10.0m from the Nitrogen line. This is
beyond the theoretical wetting radius of the sprinklers
applying Nitrogen. The model assumes that the irciga-
tion water in and of itsclf docs not contain any Nitro-
gen. Actually, both salinc and nonsaline water contain
small Nitrogen amounts.

Conclusions

The above results indicats that the model closcly simn-
ulates actual salinity and Nitrogen distribution over a
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wide range of vilues. It provides a quick and accurate
mcthod for cxamining water and variable distribution
for a single irrigation or for an entire season produced
by the CTLS. The model was also helpful in determin-
ing a snmpling policy by identilying areas which had
undcesirable high variations in water and variable
amounts. It would require an extreme amount of time
and cfforl to physically gather the same amoun! of



Firstly, the two sources are situaled in somewhat differ-
cnt climates; and sccondly, the wilting process at
Mambedi Estates can be described as very harsh. It has
hcen shown Ly van Lelyveld ef al. (1989) that over-
withicsing can lead to a highly significant reduction in ‘1'F
vilues, . .

FFor the different grades of black tea, PD was signifi-
cantly higher (P<0,05) in I'F compared with BOPF and
BOP for sclections ‘Clone’, ‘MT 12’ and 'SFS 2C4'. It
appears, however, that there was a gencral tendency for
higher TF to occur in the fine teas, with lower TF in the
caarser grades. "This could have resulted 4rom a better
overall fermentation in the finer grades, which gives a
better exposute to the polyphenol oxidase enzyme and
the hrawning substratces.

While the highest I'F valuss at Mambedi Estate were
obtained from ‘PC 1" and “I'Ri /8", further analysis is
neeessary to prove their superiority.
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Maize was planted in a line-source sprinkler experiment in the **

Negev Desert In tsracl. A double fine-source syslem was
used with ong line source at right angles to the other. It was

S.-Alr.Tydskr.Plant Grond 1989, 6(1)

possible to creale a gradient of salt concentration in one
direction and a nitrogen gradient at right angles to the sall
gradient. Thus the whole range of possible trealment combin-
alions between salt and nitrogen was established in a very
small area. The unilorm application of Irrigation waler was
ensured by applying non-saiine water from sprinkier lines on
both sides of and naralle! to the salt and nitrogen source lines.
The experiment proved that salisfactory results can be
obtained when including two variables In a line source experi-
ment. Higher nitrogen levels did not enhance salinity
toleration of maize plants in this experimant.

Mielies is in 'n liniére bron-sprinkelaar-eksperiment in die
Negev-woestyn van Israe! geplant om die wisselwerkings-
effckle van soutgealfekteerde besproeiingswaler en slikstof-
bemesling te bestudeer. 'n Dubbels liniére bron-sisteem s
gebruik waar twee besproeiingslyne loodreg op mekaar
geplaas Is. Een lyn het 'n soulkonsenlrasiegradient in ger;
rigling veroorsaak en die ander 'n gradient van stikstof-
bemesting loodreg op die soulgradient. Dis hele spektrum
van behandelingskomibinasies tussen sout en stiksiofpell is
gevalglik in 'n baio klein arca varkry. Besproeiingswater is
eweredig loegedien deur gebruik te maak van varswater-
besproeiingslyna weerskante en parzllel aan die sout- en
stikstofbronlyne. Die eksperirient het getoon dat twee
verandorlikes met gomak en akkuraatheid gebruik kan word
In 'n liniére bron-sisteem. Die sout x slikstof-interaksie was
nie in hierdie eksperiment betekenisvol nie.

Keywords: Leal area index, line source, maize, nitrogen, .

salinity

*To whom correspondence should be addressed

It has been estimated that a third of all irrigated soils on
earth are alfected by salinization (Yaron, 1981). The
proportion of salt-aflected soils could further increase
because of the necessity to rely on poor-quality water for
irtigation ns fiesh water sources are exhausted or
diminish through intensive utilization, '

There are several ways of addressing the probiem of
decreased  agricultural  production  under  suline
conditions. Sume options are 1o select or breed tolerant
plants, applv larger quantitics of irrigation waler in
conjunction with improved drainage to ensure lcaching
of salts beyond the root zone, irrigate alternately with
fresh and saline water or blend fresh and saline water
prior to irrigation, determine which growth stages of
crops might be less scnsitive to the use of saline waler,
promote high-frequency irrigation techniques to ensure
a high soil water polential at all times and improve
irrigation scheduling techniques to miaimize salt
importation.

La Haye & Epstein (1969) found that calcium could
reduce the hazardous effects of saline conditions on
plent growth. Kafkafi, Valoras & Letey (1982) demon-
strated how chloride uptake was reduced by nitrate
application and Silberbush, Ben-Asher, Kafkafi & Lips
(1985) reported on the beneficial effects of polassinm
and nitrate fertilization on salt lolerance ¢ peanuts. This
papcr rcporls on a preliminary study € irteractions
between nitrogen and salinity to ascertain to what extent
it might be possible to reduce inhibitive effects of salinity
on maize growth by increasing the level of nitrogen
fertilization.
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Figure 1 Lay-out of expecrimient.

The experiment was conducted in the Negev Desert
on the Rumat Negev experimental farm south-cast of
Beersheva ia Isracl, It was conducted on a sandy loam
loess soil typical of the arca. Phosphorus, potassium and
micro-nutrients  were  applicd 1o ensure  that  no
deficiencies of these nutricnts wounld oceur.

‘The line-source sprinkler system Favoured by Hanks,
Keller, Rusmussen & Wilson (1976) was modified to

include two variables yet maintain uniform water
upplication. One sprinkler line supplicd saline water (o
ensure  salt gradient away from the line in two diree-
tions (Figure 1). Fresh water fines on bot)y sides and
parullel fo the source line ensured uniform water appli-
cition. A similar nitrogen source line was installed at
right ungles to the first system. "T'wo vasiables were thus
included to create gradients in different ditections. ‘The
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Figure 3 Nitrogen leve! as affected by distance from nitrogen and saline sources.

pattern was replicated lour times (Figure 1), supplicd by the national water grid. "The local maize

The saline water with an electrical conductivity (Ec)of  cultivar, Hazera 712, was planted on July 7, 1987 in
approximately 7 dS m™! was obtained from a local well. 1 (00-mm rows with a final plant population of 70 000
The sodium and chloride concentrations were 461 and plants ha™,

996 mg I'! respectively. Fresh water (Ec = 1dSm') was Cateh cans were installed in replicates | and 3 (Figure
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Figure 4 Elcctrical conductivity of irrigation water as affccted by distance from nitrogen and saline source,
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1) to monitor the uniformity of irrigation, These sumples
were analysed for nitrate, ammonium and electrical
conductivities. The site was irrigated twice perweek at a
rite of approximately 25 mm perirrigation 1o ensure a
high s0il water conten( at all times. Soil water conltent
was monitored with a neutroy probe to verify tha; a high
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rtilizution anl salinity,

soil water content was maintained. The saline line source
was operaled first, followed by the nitrogen line, and the
fresh water lines last, to wash any salts from the foliage.
Nitrogen was applicd in the form of liquid ammonium
nitrate (20%).

Water was applied very uniformly throughout the
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lgure 6 Dry matter production as a function of nitrogen fertilization and s.nlinlly.
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experiment with a coefficient of variability of only 5,6%
(Figure 2), ‘

‘The average quantitics of nitrogen applicd during
August are’shown in Figure 3. ‘I'he uniformity along the
line was very good and nitrogen level declined linearly
with increasing distance from the source ling (R? =.0,99).

Figure 4 illuslra[cs: the variation in Ec of the irrigation
wilter intercepted by 'soil and crop with distance from the
saline and nitrogen sources. Ec declined linearly with
ipcreasing distance from the saline source (R? = 0,98).
A slight but highly significant increase (R? = 0,96) along
the line towards the nitrogen source was observed, 1t is
well known that dissolved nitrogen will increase the Ec
of water (Jurinak & Wagenet, 1981).

Leal area index (LAL), determined when lasscls
started emerging, corresponded very well with nittogen
level and Ec. In Figure 5 it can be scen that LA was
highest where Ec was lowest and nitrogen level highest.
LAl declined lincarly with increasing Ec and this pattern
was much the same for all nitrogen levels. Thus, it would
seem-that the nitrogen X sulinity interaction was not
significant.

‘The influence of salinity and nitrogen on dry matter
production of the plants is illustrated in Figure 6. ‘I'hc
tendency was similar to that obscrved for LA Dry
matier production decreased lincarly with increasing Ec
at all levels of nitrogen,

Although results are not conclusive and more work
niecds to be dune, the line-source concept proved to be a
very useful instruinent for studying interaction between
two variables.
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ABSTRACT

Plant response to fertilizatlon has been thoroughly studied under
ponsaline conditlons. However, under saline conditions the literature is
often in disagreement as to the proper level of fertiljzer to apply.
The purpose of this study was to examine the interactive' relationship of
N and 1irrigation water salinity on the yield of corn (Zea mays; cvs.
Hazera 712 and Jubliee), over a wide range of both variables.

Perpendicular gradients of salinlity (approximately 1.0 to 6.3 ds/m)
and N (approximately 0.0 to 1017.0 kg/ha) were produced using the crossed
triple line-source (CTLS) irrigation system.

Plant growth and development rates were reduced by salinity. Leaf Cl1%
wvas clearly reduced by increasing N 1levels under nonsaline conditions,
but not so clearly under saline conditions. Excessive N amounts did not
tend to increase ylelds at any level of salinity. For Jubilee, the
highest ylelds tended to be found at lower and lower N levels as the
salinity Increased. Thus it may be possible to obtain optimum yields

under salline conditions wusing 1less N than required for nonsaline

condltions.

INTRODUCTION
Salinity 1is an anclent, frustrating, and complex problem to those
involved with irrigated agriculture. Plants suffering from salt stress
face external (osmotic) as well as internal (physiological-biochemical-
metabolic) obsticals (Cramer et al. 1988). Munns and Termaat (1986)

listed five possible limiting factors to growth of non-halophytes in
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saline solls. The 1list included water deficit, specific NaCl effect,
nutrient deficiency, carbohydrate status, and hormonal regqulation.

NaCl has been reported to reduce leaf NOs concentrations of some crops
(e.g. wheat, Torres and Bingham 1973; ryegrass, Veen and Kleinendorst
1985;. Others have reported that increasing the NOa concentration in
the rooting environment resulted in increased growth in some crops (e.q.
bermudagrass, Langdale and Thomas 1971). Thus '3 may appear that a N
deficiency may be occurring. However other reports 1indicate that the
berieficial effects of NOs are a result of lowering the Cl concentrations
in the leaves rather than alleviating a N defecieicy (Bernstein et al.
1974; Glass and Ssiddiqi, 1985).

Some have reported that N amounts above nonsaline optimum levels
improves crop growth in saline conditions (Langdale and Thomas 1971,
bermudagrzss; Ravlkovitch and Yates 1971, millet and clover). Yet,
others have reported no effect (Selassie and Wagenet 1981, corn), and
even negative effect of increased N (Khalil et al. 1967, corn; Langdale
et al. 1971, spinach) under saline conditions. Some of the
contradictory results may be due to differences in N types and different
ranges of N and salinity levels examined.

In this study we examined a continuous range of both wvariables to
determine optimum levels of NH4NOa to apply under saline conditions, and
if Increasing NOa amounts, at any salinity level, would partially offset

the harmful effects of NacCl.

MATERIALS AND METHODS

In 1987 and 1988 corn was grown at the Ramat Negev Experimental
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Station In the Negev of Israel (30 57 N, 34 38 E}. Meterological
data for the area is shown in Table 1. The soil was loess (tocrifluvent
sandy loam containing 60-70% sand, 15-20% clay 'and 10—15% silt).

. Before the experiments were begun, the plots were leached with 150 mm of
nonsaline water (1.0 d4S/m), and 110 kg/ha P was applied 1in the form of
Superphosphate. In 1988, 25 kg/ha N (NH4SO.) was hand épplied 14 days
after emergence (DAE).

Various plant parameters were measured during each season at L&
selected locatlions. Soil N and EC were measured periodically during the
season at 20, 50, and 80 cm depths.

A local field corn (cv. Hazera 712) was planted on July 8, 1987 and
the treatments were beqgun 24 days later. 1In the 1988 experiment, sweet
corn (cv. Jubliee) was planted on May 12 and the treatments vere begun
seven days later. Seeding rate was 85,000 seeds/ha and the rows vere
1.0‘m apart.

Plants were harvested on October 17 and August 21 for the 1987 and
1988 experiments, respectively. Every one meter section of each row was
measured seperately. This gave a harvest area of one square meter for
each treatment. We did not harvest the meter closest to the Irrigatior
lines. Thus, a total of 100 treatments per plot (J0 rows with 10 one
meter sectlions) were harvested from three replications. Ears were
seperated from the stalks and fresh velghts were measured immediately.
Dry welghts were calculated from subsamples.

Irrigations were scheduled for twice a vwveek according to ET as
determined by Class A pan evaporation times a crop coefficlent. In

order to achieve and maintain an uniform distribution of solutes in the
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Table 1

Daily average metearological data for Ramat Negev experimental station

May June
Temp. (max) 287 31.4
Rel. humidity 26.2 28.6
Class A. Pan 8.4 9.2

evap. (mm/day)



N \\\
NN

%

Z

N

PLOT3

mw

V :
PLOT 2 /
1 gAY
® |
PLOT 4 /

SALINE SET

NITROGEN
SET

ns = NONSALINE WATER
s = SALINE WATER

N = NITROGEN

W SPRINKLER

™77] BORDER

o



199

rooting profile, a leachlng fraction (0.2 in 1987 and 0.5 1in 1988) was
also included.

The map of the experimental fleld and is given in Figure 1. This
figure represints.the geometry of the CTLS proposed by Magnusson et. al.
f1989a,b). The first set of three paralilel lines (saline set) provided
the salinity gradient. Each vof the three 1lines suppliéd equal wvater
amounts. The middle 1line irrigated with water from a local wéll‘(7.0
dS/m) while the two outside lines irrigated with nonsaline water (1.0
ds/m) from the National Water Carrlier (NWC).

The second set (N set) used only nonsaline water and NH«NO. was
injected into the middle 1line creating the N gradient. This set was
superimposed perpendicularly to the saline set, thus creating four
replications of the various combinations. as in the saline sct, each
of the three lines supplied equal water amounts. This design provided a
uniform water application within the sampling area, yet at the same time
gave a continuous gradient of N and salinity. The fileld measured
Christiansen coefficient of uniformity was consistantly above 0.92.

The water and solute distribution for the treatment periods of hoth
seasons is shown In Tables 2 and 3. 1In 1987 22.3% of the total wvater
was applied through the N set, whereas in 1988 the N set applied only
12.7% of the total. This smaller application of water by the N set
increased the average EC of the irrigation water (EC:i) near (1.5 m) the
saline line from 5.8 dS/m in 1987 (Table 2b) to 6.3 dsS/m in 1988 (Table
3b). However, far from the saline line (11.L m) the EC: was 1.0 dS/m
for both years. This corresponds to an average salinity slope gradlent,

perpendicular to the salline line, of 0.48 and 0.53 ds/m per meter for
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1987 and 1988, respectively.

In 1987 the N concentrdtion gradient was slightly higher than in 1988
(Tables 2c and 3c). However, total N application (t/ha) was greater in
1988 (Tables 2d and 3d) because N was applied over a longer period of
time.

RESULTS AND DISCUSSION
Soil salinity
The average initlial soll EC in the top 50.0 cm as determined by the
saturated paste extract (ECe.) was approximately 1.6 for both years.
Tables 4a and 4b present soil salinity,over time and depth for both
seasons,

Soil salinity Increased as the irrigation water became more saline.
The results of the two different irrjgation water salinity gradients are
also reflected in the soil EC. The final reported average ECa, 1.5 m
from the saline line in 1987, was 4.3 dS/m at the 20 cm depth. 1n 1988,
the same corresponding depth and location had an EC of 5.1 ds/m.

In 1987 it was noted that the soil EC was still increasing at 30 DAE.
In the following year we sought to achieve a "steady state" solute
level in the rooting profile as quickly as possible. Therefore we began
the treatments sooner and increased the leaching fraction. As a result
the rooting zone ECa values for 1988 were fairly constant. By 21 DAE
the average soill salinity over all depths was 3.3 dS/m and 28 days later
it was 3.4 ds/m.

Nitrogen also tended to increase the soil EC, especlially in 1988. The
average soil EC 1.5 m from the N line was 3.9 dS/m comparred té 3.0 ds/m

at 10.5 m from the N 1line for the final reported measurement in 1988
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(a)
Dist.
froa - Gist. from saline line (a)--- - - ==
Niipe 0.5 1.5 205 35 4§ 5§ &5 7.5 8.5 9.5 10,5 1L5 Avg.
(W) mmmmmemmemmec e e Bm=omommememmmeemee e
0,51 6i8, 9596, 612, 60B. 546. 534, 9534, S46. 608, 612, 596, 618,
1,91 625, 602, 575. 961, 9§50, 535, 935, 950. S61. 575, 602, 6£25. S6S.
2,5 1 B14. 610, 95B1. 554. 540. 540, 540, 540, 54, SBL. 610, 814, SES.
3.9 1 B12. 606, 9573, 547. 936, 539, 539, S36. 547. 573, G606, 812, 560,
4.5 1 bI1. 587. 955, 541, 535, S21. 521, 935, 941, SS5. S87. 6I1, 548,
3.9 1 594, 970, 934. 529, 9520. 509. S09. 520, 529, 534, 570. S§94. 532,
6.5 1 394, §70. 934, 9529. 520, 509. 509, 520, 529. 534, 570, 534, 532
7.5 ¢ 611, 587, 885, 541, 535, 521, S21. 9535, S41. 355, S587. 611, S48,
8.9 1 B12, 606, 573. 547, 9536, 539, 9539, S36. 547, S§73. 606, B12, 560,
9.9 1 B14. 610. 581, §54. 540, 540, S540. 9540. SS4. 581, 610, BI4, 565,
10,5 1 625, 602, §75. 561, 930, 335, 535, 550, S61. 575. 602. 625. 565,
11,91 618, 396. 612, (08. 546, 534, 534. S546. 608, 612, 596, 618,
Avg, | 935, 564, 546, 536, 9529, 9§29, 536. 546. S546. 9595. 994,
(b)
Bist.
from Dist. from saline line (@)=ermoceemoccmmcom e
Niipe 0.5 1§ 25 35 45 5§ 65 7.5 B5 9.5 105 1.5 Ave.
(8) ~emmmmmmm e 05 /R ==
0.1 3.7 586 5.0 44 4,2 35 29 23 L6 1. L0 1.0
157 57 5.7 S4 49 43 u7 29 2.2 1.6 1.1 1.0 1.0 3.3
2541 61 5.8 5.3 91 45 37 29 21 LS 1,2 L0 L0 3.3
391 61 5.8 5.6 9.2 45 38 29 21 L5 L2 1.0 1.0 3.4
437 5.9 5.8 §.6 S 44 37 29 22 L6 LOLD 1,0 33
390 5.9 5.8 56 5.0 43 36 30 23 1.7 L1 LD 1,0 2.3
657 5.9.58 56 50 43 36 20 23 1.7 L1 1,0 1.0 3.3
5T 59 5.8 5.6 5.1 44 37 29 22 L6 t1 L0 1,0 3.3
8,54+ 61 5.8 56 52 45 38 29 2t L5 1.2 1.0 1.0 3.4
.91 61 38 959 S 45 X7 29 21 1S L2 1.0 1.0 3.3
10,51 5.7 &7 54 49 43 37 29 22 L6 L4 L0 L0 3.3
1,51 57 5.6 5.0 44 42 35 29 2.3 L6 1.t 1.0 1.0
Avg. 1 .8 5.5 51 44 37 29 2.2 L6 1.4 1,0 3.3
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70. 85, 70,
9.5 10,3 1L Avg.
1255, 890, 864,
873, 84z, 817, 850,
796, 763, 733, 766,
683, BG4, 628, G4,
963, 552, 518, SS2,
445, 429, 405, 438,
M4, 292, 207, 307,
177, 196, 208, 191,
al. 95, 106, 92,
26, oL 10, 21,
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(a)
Dist,
fron  --- Dist, from saline line (a) —=--
Nltiee 05 1.5 25 3§ 435 55 65 7.5 65 4.5 10,5 11.§ Avg,
(m) ——-- S e L Ll AR---r==eemmewmrcene
0.5 1 979, 937. 315, 907, B47. 829. 829, B47. 907. 915, 931, 9NN,
1.5 1 999, 935. 901, 877, 861, 838, 838, B861. 877. 901. 955, 999. 886,
2,5 1 1345, 977, 921, 873, 4S1. B53. B858. B851. 872, 521, 977, 1345. B96.
3.5 1 1344, 973, 914, Be6., 848, 857. 857. B48. BR6. 914. 973, 1344, 892,
4.9 1 986, 941. 883, B59. £48. 825. 825, B848. B859. 893. 941. 986, 871,
5,9 1 958, 914, 844, 836, B23. BO7. B07. B823. B836. 844, 914, 958, 845,
6.5 1 958, 914, 844, 836, B823. ©07. B07. 823, B36. B44, 914, 938, 845,
7.5 1 986. 941, B8B3. B859. H48, 825. €25, 0848. 859, B8B83, 941, 98¢, 871,
8.5 1 1344, 973. 9i4, 6866, 848, 857. B57. 9848, B8G6. S14. 973, 1344, 892,
9.5 1 1345. 977. 921, B73. 851, B56. 858, @51, 873. 921. 977. 1345, B9,
10.5 1 999, 953. 901, 877. 861, B38. 838, 8RI. 877. 901. 955. 999, 896,
11.5 1 979, 937, 915, 907. 847, 829. 829, 847. 907. 915. 937, 979.
Avg, |} 952, 833, 8h2, 846, 837. 837, 846. 862, 893, 952, 878,
h)
Nist,
from --- Dist. from saline line () - -
Nline 05 5 25 3.5 45 6535 65 7.5 8.5 9.5 10,5 11,5 Avg.
(@)  —mmmememee e d5/p---~~-~--- - ---
0,57 62 62 58 51 46 39 32 2.5 1.7 L1 L0010
.97 63 6.2 60 55 4.8 4.0 3.1 2.4 1.6 N1 1.0 1,0 34
2,9 6.9 63 61 5.6 S0 41 32 2.2 1.5 L2 10 1,0 3.6
391 6.5 63 6.1 957 5.0 41 372 22 1.6 1.2 1.0 1.0 3.6
451 6.4 63 6.1 56 4.2 41 32 24 1.7 L1 L0 1.0 3.6
.91 6.4 63 62 5.5 47 40 33 25 1.8 LI 1.0 1,0 3.6
6,9% 64 63 62 55 47 40 33 2.5 L& .1 Lo 1,0 3.
7.5 64 6.3 61 56 4.9 41 32 4 L7 L1 1.0 1.0 3.6
8,517 65 63 6.1 57 50 4.1 32 2.2 L6 1.2 L0 1.0 3.6
9.9 635 63 61! 56 5.0 41 3.2 2.2 1.5 1.2 1.0 1.0 3.6
10,5V 6.3 6.2 60 55 48 4.0 31 24 1.6 1,1 1.0 1,0 3.6
(st 62 62 58 5.1 46 39 32 2.5 L7 1.1 Lo 1.0
Avg, | 6,3 6.1 5.6 49 41 32 2.3 1.6. 1.1 1.0 3.6
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(c)
Dist, .
froa Dist. from sdline line (w)------
Kline 05 L§ 25 35 45 55 65 7.5 65 9.5 10,5 1.5 Avg.
() e N (ng/})----n=--
0.5 1 106, 114, 164, 165, 126, 125, 125, 126, 163. 164, 114, 106,
£.91 98, 106, 116, 119, 117. 117, 117, 117, 119. 116, 106. 98, 115.
2,91 65, 94, 102, 108, 107. 102, 102, 107. 108, 102, 94, 5. 103,
3.5 9. 82, 9. 94, 94, 88, 88, 94. 94, 90, B2, S6. 90,
4.5V 3. 70, 77, 719, 78, 715, 15. 18, 19, 71. 70, 3. 76
591 51, 56. b3, 64, 62. 60. 60. 62, 4. 63. 56, Si. 6l
631 38 39. 45, 45, 43, 46, 46, 43, 45 45, 39, 38, 44,
7.0 25, 25. 24, 25, 28, 30, 30. 28, 25. 24, 25 25. 2.
I I T PO VN F (O N PO R R < PR § RS § DU SN R
.51 -1, 3 3 4 3 1. . 3 4 3 3 .
1.5 0, 0. 0. 0. 0. 6. 0. 0. 0. 0. 0. 0. 0.
sy 06 0 0. 0. 0. 0 0 0 0. 0, 0 0,
Avg, | 49, 53. 55, 59, 53, 83, 95, 55. 53 49, 33,
(d)
Dist.
fron Dist., from saline line (n)
Nline 05 15 25 35 45 5.5 65 7.5 8.5 9.5 10.5 11,5 Avg,
(a) - N (kg/ha)--
0.4 ! 1035. 1066. 1498, 1498, 1066. 1035, 1035. 1066. 1498, 1498. 1066. 1035,
1,5 1 979, 1009, 1045, 1045, 1009. 979. 979. 1009, 1045. 1045, 1009, 979. 1017,
2,51 878, 914, 941, 941, 914, 878, 978. 914, 941, 941, 914, 878. 918,
3.5 1 753, 795, 618, BiB. 795. 793. 753, 795. #818. 818, 795. 753. 796.
4,5 ¢ 621, 661. 681, 681, 661, 621. 621, 661, 6B1. 681, 6G1. 621. 66I,
5.9 1 484, 514, 533, 533, S5l14. 484, 4B4, 514. 533, 9533, 514, 484, SlG.
6.5 ! 368. 358, 376, 376, 358, 368, 368, 358, 376, 376. 338, 368. 367.
1.5 1 249, 235, 212, 212, 235. 249. 249, 235, 212, 212, 235, 249, 229,
8.5 7 127, 114, 97, 97, 114, 127, 127. 114, 97, 9. 114, 127, 110,
.51 1. 25, 32, 32. 25. i, M1, 25, 32. 3}, 25 1. 25
0.5¢ o0 0 0 0, 0 0 0. 0. 0. 0. 0. 0, 0.
i.sy 0 0 0. 0. 0, 0, 0 0 0 0. 0, 0.
Avg, | 463, 474, 474, 463, 447, 447. 463, 474, 474, 463, 464,

204



205

(Table 4a). It was reported earlier that the EC. increased 1 dS/m for
every 175 mg/l N in the 1irrigation water (Magnusson and Ben Asher,
1989a). Any increase 1in soll EC would lower the soil osmotic pressure
and therefore 1increase the plant's difficulty In withdrawing moisture
from the soil. This would be a negative factor when using high N
amounts under saline conditlions.

Soil N

As with soll salinity, soil N 1increased as the Iirrigatlon water
contalned higher N concentrations. 1Initial soil N-NOs was 1.9, 1.5, and
0.9 (mg/kg) at the 20, 50 and 80 cm depths respectlively. Total average
soll N was slightly higher at 21 DAE than at 49 DAE in the top 50.0 cm
(Table 5). However there was little change in the higher N treatments,
indicating that N was sufficient in these treatments.

Soll N was also affécted salt levels in the irrlgation water. Higher
soll N amounts were measured 1in the higher saline treatments. The
plants in these treatments were sméller and thus may have taken up less
N. This distinction 1is more obvious at 49 DAE when the plants were
larger and were taking up more appreciable N amounts. At this date, the
average soll N content 1.5 m from the saline line (l.e. highest séline
treatment) was 9.7 mg/kg. At 10.5 m (nonsaline treatment) from the
saline line the average soll N was 6.9 mg/kg.

Movement of N within the soil profile 1s demonstrated in Flgures 2a-
c. It can be seen from these figures that N movement was highly
affected by the amount of N and water applied. Wwith 1lower water
amounts, N tended to remain near the soll surface (Fig. 2a). As water

amounts increased above appproximately 220 wmm by thils date, N was
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leached into the lowver levels (Figs. Zb,c). This leaching Lecomes more
pronounced as the N concentration in the irrigation water Iincreases.
Figure 2c reveals considerable differences In the amount of N that had
reached the 80.0 cm depth. These figures nresents a clear senerio of
how N may often be lost for crop use and contaminate ground water. It
should be kept in mind that this irrigation system consiétantly produced
a Christiansen's uniformity coefficient of above 0.92. Therefore it is
fairly reasonable to assume that leaching of solutes past the root zone
is_a highly spacial event that is probably often over looked and under
‘predicted by models that only consider the average depth of applied
water to a given field.

Crop Growth and Development

The effects of salinity were first noticed in plant height. As the
vater salinity increased the plants grew slover. Nitrogen seemed to
influence plant heignt only when it was limiting. Excess N d4id not
increase plant height at any salinity level.

Leaf area (Flg. 3) and leaf extension rates (Fig. 4) vere also
reduced by Increasing salinity. Again, N had little to no beneficlal
affect on leaf area or leaf extension rates for except at the 1lowest N
level.

Salinity also delayed plant development. At 63 DAE, in the 1988
experiment, it was noted that the plants In the saline treatments
appeared to be galning height on the nonsaline treated plants.
Actually, the nonsaline treated plants had already reached thelr maximum
height a few days earlier and the saline treated plants were still

growing. This same effect was also noted 1in tassel and ear appearance
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vhere high salinity delayed development by 7-10 days.

The plants closest to -the saline 1line (ie. high saline treatment)
rolled their leaves as the temperature increased. Thlis is a common sign
of water stress, even though in this study water was never limiting due
t; irrigation. The plants that recelived the nonsaline water were never
observed with rolled leaves. '@; .

Grain dry matter was measured at three different times during the
growing season. The affects of salinity were quite clear (Filg. 5).
Increased salinity tended to decrease the grain dry matter. This is
most likely due to the delay 1in physliological maturity caused by the
salinity. It Is not clear from this study if grain dry matter from
saline and nonsaline treated plants of the same relative physiological
maturity differs. Differences In grain dry matter due to N wvere
irreqular, but the highest dry matter was found in the high N
treatments.

Leaf C1

Nitrogen tended to reduce the percent of Cl in the leaves when the
irrigation water was medium to nonsaline (Fig. 6). However, at the more
saline 1levels, no effect of N was detected. Once the EC. was above
approximately 3.5 dS/m, increasing the N concentration above 76 mg/l N
appeared to have a negative effect on excluding Cl from the leaf. This
effect is also reflected in the total dry weight as reported in Table 6a
in the following section, although the scale is slightly different.

Crop Yield
Fresh ear welights and stover dry matter for both years are reported

in Tables 6a and b. The values reported reflect an area of 2 m?, and the
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(a)
Dry matter yield Fresh ear yield
t/ha t/ha
. N~ dS/u d5/a
g/l L2 19 33 48 57 Mg L2 1.9 313 48 5.7 Avg.
2 7.4 87 84 7.4 64 7.7 26 36 1T 2.9 2.3 3.0
26 .1 10.8 10.3 10.2 9.8 10.4 56 52 S50 50 4.8 5.1
70 14.8 14,0 13.6 13.2 13.0 13,7 7.1 63 6.4 63 6.2 6.5
110 16,1 14,6 14,1 15,0 14,0 148 7.1 63 6.6 6.7 6.1 6.6
144 16,1 14.6 14,6 13.5 13.6 145 69 62 64 59 6.1 6.3
Avg, 13,1 12,6 12,2 1.9 1.4 12,2 5.8 55 S.6 5.4 51 5.5
(b)
Dry matter yield Fresh ear yield
t/ha t/ha
N dS/n - mee- dS/a
ag/1 L1 20 3.7 53 6.2 Avg. L1 2.0 3.7 53 62 Avg,
2 1.6 10.4 10.1 9.8 8.8 10,1 152 13.2 14.6 13.3 11.8 13.
19 14.6 13.5 12.8 11.9 10.5 12,7 23.8 21.4 20.1 17.9 15.4 19
53 149 13.2 12,5 10.9 10.8 12,5 23.8 20.6 20.6 17.1 16.2 19.
83 15,3 141 12,3 1.1 107 12,7 24.4 23.8 19.7 16,0 14,7 19,
109 15.7 13,4 11,9 10.8 9.7 12.3 26,1 22,7 20.0 17.5 14.9 20
Avg. 144 12,9 12,0 10.9 10,1 12,1 22,7 20.3 19.0 16.4 . 14.6 18.6
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corresponding treatment values are from the midpoint of each sampling
area. Hazera 712 was affected more by N than by salinity. Whereas,
Jublliee was more affected by salinity. This may be expected since sveet
corn Is known to be more sensitive to salinity than field corxn. Mass
and Hoffman (1977) presented equations for the relative productivity of
various crops with increasing soil salinity. The relative yield
reductions for both varieties, dug to salinity, are in good agreement
with their reported values. At the highest saline treatment, dry matter
and fresh ear ylelds averaged across all N levels were 87.0% and 87.9%
of the nonsaline treatment for Hazera and 70.1% and 64.3% for Jubliee,
respectively.

Hazara dry matter yield continued to respond to N increases up to 110
mg/l N in the Irrigation water, but ear yleld showed 1little increase
above 70 mg/l N. Jubllee's highest ylelds were at the highest N level
(109 mg/1) when the irrigation water was nonsaline. Thereafter, as the
EC1 Increased the highest yields tended to be found at lower and lower N
levels. These differences in response to N are probably partially due
to initial soll N differences, varietal responses, and timing of
treatment initiations.

CONCLUSIONS

From the results of this study there is no strong evidence to support
the theory that high 1levels of N help to overcome the detrimental
effects of salinity. In fact high N 1levels in the saline treatments
tended to slightly increase soil salinity and reduce ylelds. An
Increase in EC also translates into a decreased soll osmotic potential.

Evidently, the plant was more sensitive to this osmotic stress than to a
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toxlc effect (Cl) which N was hoped to alleviate, If this is the case
fertillzers that have a. low salt index should be considered. These
fertilizers have less of a tendency to ralse the soil osmotic pressure.

Thus 1t appears from thils 1nitial study, that the recommended N
fertilizer rates for nonsaline water may be reduced under sallne

conditions without serious yield loss.
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Jaenicke H. and S$.H. Lips. 1989
Salinity effects on th+- biomass production of Leucaena
Conference on Fast Growing Trees. Germany
Cruz C,, S. H. Lips and M. A, Martins-Lougao. 1990
Kinetics of NO3- and NH4+ uptake by nitrogen-depleted and non-depleted carob

seedlings. International Conference on Nitrogen Assimilation of Plants. Glessen. Germany
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Ben Asher J. and M. Silberbush. 1990
Root distribution under saline conditions.
Israel-US Workshop on soil-root relationships. Ithaca, N.Y.. USA
Heimer Y.M,, A. Golan-Goldhirsh and S.H. Lips. 1990
Protein markers associated with potassium deficiency In plants.
Annual International Conference of the Int. Potash Institute. Moscow. USSR.
Lips S.H., E.O. Leidi, M. Silberbush, M.I.M. Soares and O.A.M. Lewis. 1990
Physlological aspects of ammonium and nitrate fertilization.
1st. Symposium of ENAAG - Israel. Haifa. Israel

1988

1989

1990

V - Lectures and seminars

H. Lips. Primary assimilation processes and intensive agriculfure.

INIA - Instituto Nacional de Investigagao Agraria, Oeiras. Portugal

H. Lips. New approaches in modern arid zone agriculture.

INIA - Instituto Nacional de Invésﬂgoc;oo Agrarna, Faro. Portugal

H. Uips. Primary productivity studies in modern agricuiture.

INIA - Instituto Nacional de Investigagao Agraria, Oeiras. Portugal

H. Lips. Primary productivily of plants in arid areas.

Workshop on Use of Renewable Natural Resources. University of Antofagasta. Chile

H. Lips. Nitrogen assimilation under siress conditions

2nd International Conference on Nitrogen Assimilation of Plants. Napoll. ttaly
H. Lips. Crop production under saline water irrigation

University of the Philippines at Lcs Barios. College. Laguna. Philippines
H. Ups. Crop production under stress conditions

University of Khon Kaen. khon Kaen. Tahiland

H. Lips. Crop production in sand dunes under saline water imigation
Institute of Sand Dune kesearch. Tottorn. Japan

J. Ben Asher. Saline water irrigation and fertilization studies.

University of the Philippines ¢t Los Boros. College. Laguna. Philippines
J. Ben Asher. Combined effect of salinity and ferilization.

University of Khon Kaen. Khon Kaen. Tahiland

H. Lips. Physiological aspects of waler use efficiency crops.

Binational Workshop on Use of Water Resources in Arid Zones. Mexico City.
Mexico.

H. Lips. The use of salinity o enhance crop productivity

Intemational Woikshop on Modem Agrotechnologies. Guatemala City. Guatemala
H. Lips. Physiological aspects of ammonium and nitrate feriiization

1st Symposium of ENAAG - ISRAEL. Haifa. Israel

H. Lips. A new approach to the study of salt-resistance of piaris

University of Cape Town. South Africa

H. Lips. Crop production and salinity - problems and solutions

Instituto de Cienclas Biologicas - CSIR. Madrid. Spain

H. Lips. Nitrogen assimilation in plants - an overview

30th Annual Meeting of the Italian Soclety of Plant Physiologists, Stressa. It

J. Ben Asher. Soil-nitrogen relationships in the root zone.

University of Karlsruhe. Germany
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VI - Workshops and Courses

Crop Production in Arid Zones
Workshop sponsored by the National Institute for Agricultural Research of
Portugal and the Division of International Cooperation (Israel Ministry of
Foreign Affairs) Faro and Qelras. Portugal

Use of Renewable Natural Resources in Desert Areas
Workshop sponsored by Fundacion Andes and UNDP -
Antotagasta. Chile

Food Biotechnology and Crop Production
Workshop sponsored by the Instituto de Nutricion de Centro America y Panama,
the Untversidad de San Carios and the Division of International Cooperation
(Israel Ministry of Foreign Affairs). Guatemala City. Guatemala

Efficient Use of Water Resources
Workshop sponsored by the Instituto Nacional de Tecnologia del Agua de
Mexico, Cuemnavaca. Mexico

Biologlcal and Physical Aspects of Crop Production In Arid Areas.
Two months series of courses offered by the staff of the Center for Desert
Agroblology. J. Blaustein institute for Desert Research, Ben-Gurion University
of the Negev. Attended by 20 graduate students from developing countries in
Asia, Africa, Central America, the Middle East and Eeatern Europe.
Sponsored by the Division of Intemational Cooperation (Israel Ministry of
Foreign Affairs)

Water Use Efficiency and Crop Production in Arid Areas. (In prepration)
Two months series of courses offered by the staff of the Center for Desert
Agrobiology. J. Blaustein Institute for Desert Research, Ben-Gurion University
of the Negev. For 60-80 graduate students from developing countries In Ax 3,
Africa, South and Central America, the Middle East and Eeatern Europe.
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Vil - Summary

The objectives originally set up for this project were:

a. Toincrease production of salt-sensitive crops through irrigating with saline water and
enhanced ferilization.

b. To establish production of imuortant local crops in the Philippines by the use of avallable
saline water during the dry season in areas with no attemative water resources.

-Laguna de Bay Is the major natural water reservoir in the Philippines. The water of this reservolr
could be used for imigation. The electroconductivity of the lake drops during the rainy season due
to influx of large quantities of runoff water from the surounding area. Water in excess of the
capacity of the lake spiils over into the sea. During the dry season, however, there Is a back flow
from the sea into the lake increasing Its salinity to 4-6 ds/m. Agricuttural productivity during the dry
season practically ceases, Irrigation Is not used to any significant extent due to the seasonal
salinzation of the water in Laguna de Bay. Introduction of imigation techniques suitable for the
application of moderately saline water could be the basis for the establishment of a profitable
and productive dry season agriculture in this fertile area.

Shortage of water in Israel Is a fact of life and the use of brackish water irigation in the Negev
desert is the only alternative to enhanced agricultural production. This situation has stimulated a
large volume of relevant research on ways to use effectively brackish water. This experience has
been applied to conditions in the: Philippines by local scientists and agronomist with our
assistance and through the financlal support of AID/CDR.

This summary will described several aspects of our project. The first part includes some statistical
information on the impact of the CDR/AID fund as “seed money* to attract additional financial
support. It also includes some dcta on the international collaboration the project generated and
the transfer of the know-how acquired.

The second part of this summary includes a short report on the scientific methods that we have
developed through the course of our work. The last part described results of the project and a
discussion on directions for future continuatior, of work.

To address the prescribed problem we established an international working team which was
based on scientists, students and technicians from 6 countries: Israel, Philippines , Germany
Portugal, USA and Spaln. The total number of participants was more than 25.

Additional financlal sources to this project were as described bellow:

Source Budget (US $)
AD 150000
Dead Sea Works 50,000
Israeli Chemicals 40,000
The Katif center 20000
Kessel fund 50,000
Tokt 310,000

About 45 scientific reviewed papers were and will be published in more than10 reviewed journals
(see detail in section "Publications”). More than 10 Invited Lectures were given In the following
countries: Philippines, Israel, Thailand, Guatemala, Mexico, Portugal, Italy, Spain, Chile, Germany
and the U.S.A. (See detall on saction "Lectures and Seminars®). Posters and lectures were
presented In a large number of International and national Conferences (See detail in
‘Presentation at Scientific Conferences").

The basic hypothesis tested In this project suggested that salt tolerance of a given crop s @
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function of environmental (climatic and nutritional) conditions as well, but not only, to its genetic
salt-resistance capacity. The imporance of this approach In relation to current agriculturol
practices, Is the implication that significant yield enhancement may be obtained even with sait-
sensitive plant species by enhancing thelr productivity with fertilization management adequate
to saline conditions. .

On the long run, the development of salt tolerant varieties and the establishment of a national
infrastructure for the efficient utilzation of water resources. constitute the ultimate solution of
salinity problems in large areas. However, these elements require time and capital which are not
always available. Since problems of salinity are affecting already vast areas of the world, on the
short term, application of relatively simple alternative agrotechniques, especially designed to
cope with salinity effects on crop production may be extremely useful. Among these
agrotechniques. improved nutrtional management has a potential immediate impact on the
utilization of saline water for food production.

New experimental methods

During the 3-4 years duration of the present project we have established two distinct but tightly
interrelated working methods for laboratory and field studies.

In the laboratory a new method for eary diagnosis of mineral deficiencies which are frequently
induced by stress conditions, Is under development. Potassium deficiency detection is normally
based on determination of total K in the soil or In the leaves. The results of these test can either
confirm phenological deficiency signs and are generally too late to permit effective correctional
steps.

The method developed in this project iInduced K deficiency Is detected within 24 hours. based
on the appearance of 1-2 specific proteins in the stems and petioles of sunflower as observed in
experiments caried out in our laboratory. The diagnosis of K deflciency is possible at a stage
when no visible difference can be seen between deficient plants and controls. This observation
may serve as the basis for developing a simply and effective early diagnostic method for K+
deficiency at a stage when physiological damage can be comected by adequate ferilization.

Other mineral deficiencies will lead to a characteristic gene expression change in the plant
through changes in the levels of specific proteins. This phenomena may serve for the
development of immunological kits which could be used by any farmer to guide him on the
apglication of fertilizers.

Physiological studies have increased our options for the utilization of saline water not only to
obtain yields close to those obtained with good quality water. In numerous instances there is a
clear advantage to the use of saline water irigation. The cases described In the papers
published by our group indicate that salinity stimulates:

(a) Flowering and seed production by peanut
(b) Production of larger seeds by cereals
(c) Regulation of tiller or seed production by assimilate allocation in wheat

A new method for muttivariable irigation experiments was ceveloped and applied to field crop
research. Multivariable Irrigation experiments are usually expensive and seldom cover the whole
range of desired values. The crossed triple line-source (CTLS) was designed to provide a
relatively simple and Inexpensive irigation method to create continuous gradients of more than
one variable. A computer model was developed facilitate evaluation of the continuously
changing muttivariable levels produced by various Inputs. A single sprinkler's distribution function
was used in the model's development. Results of overlapping sprinkiing pattems were
calculated throughout the experimental area for water depth, salinity level, and nitrogen
concentration. Measured values of irigation water electrical conductivity (ECP and nitrogen
concentration were In good agreement with predicted values.
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its_of fiel xperiman

Work presented here describes studies of physiological mechanisms of solil-tolerance under
greenhouse conditions coordinated with experimental work under fieid conditions. Cooperation
with our Philippino colleagues has yielded interesting and important resuits bath in the lab and In
the field. Peanut production in our joint experimental field In the Philippines is three fold higher than
the local average. even when imigating with saline water during the dry season. This has been
possible by the introduction of trickle irigation and fertilizer management adequate for saline
conditions.

The highest peanut yield in the Philippines was obtained with saline water irrigation (4 dSi m"
when 75 ppm KNO3 was supplied. About 3.4 Tones/ha were obtained with enhanced KNO3
fertilization as compared with fresh water which yielded about 4.0 Ton/ha, but it was not
significantly higher than the saline irrigated peanuts at significance level of 0.05. Saline water
imigation without enhanced fertilzation yielded only 1.7 Ton/ha. These results supported previous
observations on similar experiment in Israel.

Corn experiments were less promising. Examining the trends form this years data it appears that
nitrogen did not contribute to overcome the harmful effects of salinity. Additional amounts of
nitrogen tended to raise the soil EC. Increased soil water electrsconductivity also translates into a
decreased soll osmntic potential. Evidently, the plant was more sensitive to this osmaotic stress
than to the salt toxicity which N was expected to alleviate. If this is the case. fertilizers that have a
low salt index should be used. These fertilizers raise the soil osmotic pressure to a smaller extent.
The only plant parameter that benefited from increasing amounts of N was fresh stowsr weight,
and then mainly in the low salinity treatments.

Thus, the recommended N fertilizer rates for nonsaline water can also be applied when irigating
with brackish water sweet com. Our laboratory and greenhouse studies indicated that increasing

the supply of specific forms of inorganic nitrogen (mixed ammonium nitrate) and K*, frequently
enhances the salt-tolerance of crops.

Salinity may be a tool to increase yield and yield quality of some crops. This new line of research
is based on two lines of studies:

(a) Salinity enhanced flowering and consequent gynophore production by peanut plants and
(b) Salinity stimulated translocation of assimilates form leaves to filing grains of wheat.

Discussion and suggestions for further study

Growing peanuts in sand dunes it was observed that saits were leached from the vicinity of the
emitter, creating a circuiar area of about 20 cm of leached soil. At the same time satt
accumulated at the border of the wetted zone of the emitter, mainly at the soll surface. Peanut
plants were located 15-20 cm from the trickling line. This profile represents actually a radial
section of the soil volume wetted with a relatively high concentration of satt at the upper soil level.
Gynophores in this experiment died (prior to pod productlon) when touching the saline soll
surface due to their high sensitivity to salinity. This was the main reason for the large hay and poor
pod yield for plants irmgated with brackish water,

We concluded that tiickle irrigation with brackish water supplemented with nitrogen in soils with
high permeabllity such as sand, is beneficial to peanut during the vegetative growth stage
before gynophores reach the saline soil surface. During the reproductive stage. soll surface must
be leached from its salt in order to enable gynophore penetration and pod production. lrigation
during the reproductive stage could be best done with sprinklers or minisprinklers.

This concept was tested successfully under green house conditions (see our annual reports) and
Is included in the objectives of Phase 2 in this proposal. It Is relevant to the Philippines because of
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the increasing interest In shifting from ralnfed agriculture to irdgated agricutture during the dry
season. A similar experiment was camled out in the Philippines (on heavier soll than that used In
our experiments Iin Israel) ylelding pod production, under saline condttions with KNO3, which was
three times larger than without fertilizer (see detalls given by Dr. E. Pacardo in this report).

The difference In results between Israel and the Philippines is due to the fact that during the
reproductive period In the latter a significant amount of rainfall leached the saline soil enabling
gynophores penetration and pod development. Since soil leaching during gynophore
development aid not take place in Israel, the results obtalned in the Philippines support our
conclussion that good soil surface leaching is essential for successful pod development,

The combined fertilization-saline water irgation concept was also tested for corn (under field
conditions) and wheat in Israel and for rice and wheat in Israel and In the Phllippines. Much has
been learned about the interactions of these crops with salts: nutrient uptake, photosynthesis and
transpiration, assimilate allocation to growth sinks, sink priority determination, etc. All these studies
have set the basis for field experimentation. Thus, another objective for Phase 2 is to study the
applicability of the theory to several important salt-sensitive crops. Continuation of this work will
allow much needed crop diversification in the Philippines. due to market demand and to Justify
the investment in modern irigation systems in the fields.

Salinity problems exist in other most countries of the worlid. The experience obtains in these
studies may be applicable to environmental conditions.

Most of proposal objectives of Phase 1 (C5-001) have bee implemented:

(a) We have established a method to increase crop production with saline water irrigation by
selectively enhanced fertilization. Salinity may promote increased yields as observed In
greenhouse and field experiments.

(b) We have established cooperative research sites in Israel and the Philippines. Other
Univearsities and Kk search [nstitutes In the Philippines are setting up cooperative projects with
our group (La Salle University, Institute of Plant Breeding, Faculty of Agriculture of UPLB, etc.)
These two experimental sited can now be used for the implementation of the objectives in
Phase 2 (project submitted to AID/CDR, C11-131).

(c) We established a cooperative team of sclentists in the two countries who are now working
closely together in this and other Joint projects. Graduate students from the Philippines are a
constant component of our group where they integrate well and rapidly. They continue
research on saline water imigation when retuming to the Philippines.



