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A bst ract 

The effects of salinity on yield and ion concent ra tions of chickpea (Ciecr ariclinum ) 
varie ties from Syria and eggfrui t (Solanum mclongcna) and red pepper (Capsicllm 
amrullln) varieties from Palestina were studied in pot experiments in a greenhouse. The 
yield of aU plants was reduced by increasing salini ty from 0 to 8 dSm·r in the saturation 
extract. Emergence as well as shoot and grain yield of all chickpea varieties was in hib­
ited from 4 dSm·r onwards, w hile roo t growth was reduced from as low as 2 dSm·1• As a 
consequence of salinity treatment , c hickpea variety Ghab 2 showed Ihe best root and 
shoot growth, and G hab Jlhe highest grain yield. For chickpea, a high yield in spite of 
salinity corresponded with a low Na and CI concentratio n in the tissue. Chickpea is a n 
excluder plant, trying to protect its tissue against the hannful salt. The yield of eggfruit 
and red pepper was diminished for the two sensitive var ieties Balady and Battiri already 
at 1.46 dSm·r, but the varieties Turshy and Shaua were much more tole rant. Turshy 
showed the highest sail tolerance: its slope of yield red uctio n was not as steep as Ihat o f 
the other varieties. Compared to chickpea, eggfruit and red pepper seem to be includer 
plants. They can accumulate the salt which can be usefu l for osmotic adjustment against 
water stress due to salini ty. 

Introd uction 

In the arid and semi-arid regions of the world, soi l salinisatio n is a very serious threat to 
agriculture. A content of salt which is too high, especially o r NaCI, in the soil solution 
hinders gcnnination, vegetative growth, yield and quality of crops (RHOAOES, 1990). In 
many areas, this is the case in ra in fed agriculture due to a higher evapotranspiration than 
ra infa ll , e.g. in the Mediterranean areas [or crops like chickpea, as well as for irrigated 
crops, as, e. g., eggfruit and Ted pepper . 
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Many leguminous crops arc very sensitive to salinity, especially to chloride which is 
transported into the shoot in these plants more than in other plant species (MMISCHNER, 

1995). In addi tion, NaCi inhibits the growth of chickpea by effecting the N accumula­
tio n ofSIX'Cific strains of Rlrizobium (LAUTER et al. , 198 1). Ashraf and Waheed (1992) 
and Mamo et a!. (1996) reported about varietal differences between several chickpea 
varieties from Pakistan and India, and from Ethiopia, respectively. As chickpea is a 
crop widely cult ivated in the Mediterranean areas, e .g. in Syria, it seemed valuable to 
study the salt tolerance of the four most important Syrian chickpea varieties. 

Salt tole rance of the vegetable crops eggfruit and red pepper is described by Maas 
(1986): These plants are moderately sensi tive; e.g. red pepper, showing a threshold 
(maximum salinity that docs not reduce yield) of 1.5 dSm" in the saturation extract of 
the soi l and a slope (yield reductiun per dSm" beyond threshold) of 14 %. These two 
figures indicate a relative high sensit ivity, compared to other crops. Savvas and Lenz 
(1994) showed yield reduction of Solanum me/ongena from 4.1 dSm" onwards, which 
was their lowest salt treatment.ll seemed interest ing to test whether there exist differ­
cnces between eggfruit varieties and to compare them wi th a red pepper variety which 
nowadays is cultivated often in practical agriculture by the farmers together with eggfru it 
in a mixed culture system in Palestina as well as in many other Mediterranean arc as. We 
chose eggfruit and red peppcr varieties cultivatetl in the Gazast rip inPalestina,becuuse 
at the moment in this region salinity is a serious proOlem in agriculture. In the region of 
Gaza, the chloride conccntralion in drinking water and irrigation water has become 
dangerously high (KuHA1Land ZoARon, 1995). 

Our study was conducted in o rder to test the salt tolerance of different crop species and 
varieties of the Mediterranean area, especially of four Syrian chickpea varieties and o f 
three eggfruit varie ties compared with one red pepper variety from Palestina. However, 
our aim was not only to classify the varielic.~ as to their salt to lerance, but also to try to 
explain salt tolcrance by diffe rent adaptation possibilit ies as a consequence o f dirrerent 
ion uptake and transport processes in various purts of the plant. As an cxample for this, 
Schubert and Uiuchli (1990 and 1995) showed that sodiu m exclusion can contribute to 
salt to!erance of maize plants. Red pepper, on the contrary, seems to be more an includer 
plant type, which accumulates not only Na' and Ci ' but also proline in order to over­
come the water stress caused by salinity (GONES et al. , 1996). 

Mate rials and methods 

All experiments (one experiment with chickpea, and o ne experirr,cnt wi th eggfruit and 
red pepper) were conducted as a randomized block design in a greenhouse with a dayl 
night temperature of 2onOG C, 60% r.h. and a light intensity of 20,000 lux for 12 h d". 



Experiment with chickpeu 

Samples of different chickpea (Cieer uric/lit/III! L ) varieties were obtained from the 
govern ment cen ter for seed production in Aleppo/Syria. The fo ur var ieties were 
Marakesh, GhQb I, GhQb 2, and Ghab 3. AUthesc varieties arc planted by farmers in 
Northern Syria. 

The soil used for the chickpea trials was a loam from Hebenshauscn, Germany, with a 
pH (0.02 n CaOJ of 6.8,0.5 % CaCO), 0.14 % N" and 2 % organic malter. As 6.6 mg 
r and 15 mg K were found by the CAL·mcthod and 9 mg Mg by the CaCI,-mcthod, 
these nutrients were sufficient for o ptimal plant gruwth. The content of exchangeable 
Na (7.4 mg l00g·1) and the EC of the experimental soil (0.32 dSm·1 at 25°C in the 
saturatiun extr3et) were low. 

The levels o f N30 were 0, 0.58, 1.16,2.31 , 4.63, and 9.27g NaCI per pot with 3.75 kg 
of w i I, corresponding to an EC ofO, 0.5, 1,2,4, and 8 dSm-] 3t 25°C in the saturat ion 
extract. The salt was dissolved in 200 ml of dist illed walcr, half of it was given to the 
soil before planting and the other hal f 3 days after planting. 12 secds were sown in each 
pot. After 10 days, the percentage of emergence was determined, and the plants were 
reduced to 8 per pOl. The Chickpea plants were harvested 68 d after planting at grain 
maturity. 

Experiment willi egg/mil und red pepper 

Eggfruit (So/unum me/angena L.) and red pepper (Capsicum allllUllln L) seeds were 
obtained from a seed grower in Gaza. They were prccultivated in a soil provided with 
all nutrients. At the age of 37 days, the roots were washed with distilled water, and the 
plants were planted in pots with 5.5 kg of pure, washed sand. They were irrigated every 
third day, once with tap water and the next time (after 3 days) with theJollowing nutrient 
solution (mM 1.1): 20 Ca(NOJl-4 HP, 10 KHlO" 7.5 MgSO. · 7 HP, and mgJ"1 : 25 
scquestrene with 6% Fe,O.25 MnSO. -HP, 0.08 CuSO, -5 H"O, 0.2 ZnSO, . 7 H20, 
0.14 HJBO, and 0.12 (NHJ~Mo,01< ' 4 H20. The EC at 25°C of this nutrient solution 
was 1.4 dSm·1• The NaCl concentrations added to the nutrient solution for the different 
treatments were 0, 25, 50,100, and 150mM 1·1,corresponding to an ECat25°Cof 0, 
1.46,2.92,5.84, and 8.76 dSm·1• The eggfruit and red pepper plants were harvested 153 
days after sowing. 

After harvest, the roots of chickpea, eggfruit and red pcpperwere washed carefully with 
distilled water in order to remove adhering sBnd and soil. The plants were separated in 
roots, shoots and fruits, oven dried Bt 70°C, weighed and ground <Imm. Forthe Na and 
K dctennination, Ig of the dry and ground plant materia l was ashed at 550°C for 5 h and 
the ash was dissolved in COnc. HC!. Na and K were read by flame photometry. for 
chloride analysis, 0.5 - 1.0 g of the dry and ground plant material was shaken for 30 min 
with 50 ml o f boiled water and fi ltered after addit ion o f one teaspoon of activated chat-



coal into the filter. To 2 ml of the fil trate which were transfered into a 25 ml fIase, 5 ml 
o f solution C were added. Solution C was prepared from 75 ml o f stock sulUlion A (4g 
mercure thiocyanate / 1 methanol) and 150 ml of stock solution B (150 g Fe(NO)) ·9 
Hp + 30 ml conc. HNO/ I desl.water), and Cl' was read by spectrophotometry at the 
wavelengthof 483nm. 

All the data were statistically analysed. Analysis o f variance of ooth cxpcriments was 
done. Treatment means were compared by the least significa nt difference (LSD) test 
and the Duncantcsl. 

Results 

Experiment with chickpea 

a) Emergence 

The emergence 10 d after sowing is shown iJl Fig.l. There was no reduction of emer­
gence up to a salinity of2 dSm", but at4 dSm" a severe reduction could be observed. At 
the time of emergence, there existed no diffe rences in Ihe salt tolerance between the fOUT 
tcsted chickpea var ietics. 

The root dry weight after the harvest o f the four chickpea varieties is shown in Fig. 2 . 
From 2 dSm" onwards, the rOOI dry matter yield was influenced by the sal t treatment for 
Marakesh, the other varieties showed a slightly higher tolerance and a diminished root 
growth (rom 4 dSm-' onwards. At 8 dSm'l, no roots could grow any more. At all sail 
levels, Ghab 2 showed the best growth of all tested chickpea varieties. 

Fig. 2 also shows the Na and a concentrations of the roots, Ghab 2 which showed the 
highest dry mailer yield of all variet ies, had the lowe..<;t Na content in the roolS at the first 
4 salt levels-and the second lowest at4 dSm-' , which indicates that a diminished sodium 
uptake can be a reason for salt tolerance. The chloride concentrat ion (Fig. 2) did not 
correspond to the yield of the different chickpea roolS. 111e chloride content was much 
higher than the sod ium con tent. Th is can be observed often in leguminous plants 
(MARSOINER, 1995): Their high chloride content may even be the most important reason 
for salt injury, even more important than the sodium content. 

While root growth was inn uenced already from 2 dSm" onwards, shoot dry matteT yield 
was reduced only ahove 4 dSm" (Fig. 3), Ghab 2, which had the best root growth, 
showed the second best shoot growth at most of the salt sleps and was the besl one at 2 



dSm·1• As can be seen from Fig. 3, the high yie ld of Ghab 2 corresponded with the 
lowest sodium and chloride content. 

In contrast to the root and shoot weight. the grain weight of variety Ghab 1 was the best 
o nc of all tested c hickpea varieties (Fig. 4), and ils sodium concentration in the grains 
was the lowest of all varieties in the sal t steps from 0 to 2 dSm·1 and the seeond lowest 
in the salt treatment o f 4 dSm·1• However, a low O ' concentration in the grains (Fig. 4) 
did not correspond to the high yield of Ghab 1. 

There were no differences in the potassium and phosphorus contents of roots, shoots 
and g rains. 

Experiment with eggfruit and red pepper 

Table 1 shows the dry matter yield of roots and shoots o rthe fou r tested eggrruit and red 
pepper varieties. The eggfrui t variety Turshy and the red pepper variety were very toler· 
ant, a yie ld depression in the roots could not be observed, even not al iSO mM, and a 
yield depresSion in the shoots occured only from l00mM onwards. The two othereggfruit 
varieties (Dalady and Dall iri) were much more sensi tive: Their shoot yield was dimin­
ished by the salt already at 2S mM. The most salt tolerant varie ty was the cggfroil 
variety Turshy. As can be seen from Figs 5 and 6, the slope of the linear regression o f the 
naturallogarilhm o f root and shoot yield on salini ty was not as steep for Turshy as for 
the other varieties. This shows that Turshy was the most sail tolerant variety. 

blNaandQconcentrations 

Table 2 shows that one reason forTurshy's relatively high salt tole rance may have been 
that, compared to the other varie ties, in most cases only li ttle Na and CI was accumu· 
lated in the roots. However, the Na and CI transport into the shoots was not less but in 
most cases even more than in the ot her variet ies; especially Na was transported in large 
amounls into the shoots of Turshy. 

Discussion 

In all the tested chickpea varieties there was no difference in salinity tolerance during 
emerge nce, but differences became apparent dur ing later stages of development . While 
Ghab 2 showed the best root and shoot growth in spite of salinity, Ghab 1 had the 
highest grain yield . For ail varieties, emergence, shoot and grain yield were diminished 
from 4 dSm'l onwards. However, their root weight was already diminished at 2 dSm·1 



compared with the no salt (control) treatment. In most cases, a high yield corresponded 
to a low sodium and chloride content in the chickpea plants. Therefore, chickpea be­
longs to thc excluder type of plants, bdng able to protel:l its tissuc against the harmful 
salt. Generally, exc!udcr plants are very sal! sensit ive, as they su fferfromwaterstress 
easily because of the lack of osmotic substanccs. A solution would have to produce 
organic compounds (amino acids, sugars, etc.) for osmotic adj us tment (GORHAM et a!., 

1985). Compared to other Iegumineous plants, e.g., soybean, Glycine max and lablab 
bean, Lab/ab purpurcus (unpublished data) and also compared to other chickpca varie­
ties (MAMO et aI. , 1996), the ch ickpea varie ties tested here were more salt tolerant (as 
they tolcrated a salinity of 4 dSm ', and the "very sal t resis tant" variety Ghab 2 tolerated 
even more than that). The reason may be that these chickpea varieties are adapted to the 
dry dimatc of Syria. 

Of the tested eggfmit varieties, we found that Turshy was more salt tolerant than the 
others. The red pepper variety wa~ a I ~o very tokran!. The salt sensitive eggfruit varie­
ties Balady and Battiri showed a yie ld depression already at 25 mM. This result corre­
sponds exactly with thill one of Chartzoulakis and Loupassaki (1997). As our results 
show, the slope (log yield vs. salinity) of the eggfruit variety Turshy was not as steep as 

Table 1: Influence of salinity on root and shoot yield (dry wcight)of3 differcnteggfruit 
(Solanum melollgcno, Baiady, Turshy, lhniri) and one red pepper (Capsicl, m amumm, Shalla) 
~ arieties. Means in columns with (he silmc leller are not significantly different al P<O.05 
(Duncan test). 

Variety Sliit u.-el (rnM NaCl/l) D Weiht 
root shoot 

8alady 6.4Sa 17.633 
25 4.91b 14.86b 
50 4.SSbc IO .12 cdc 
100 3.59bcd S.S7def 
150 3.58bcd 7.37cfh 

Turshy 0 4.62bc 12.24 be 
25 4.4lbc 1O.O-lcdef 
50 3.9Gbcd 9.53edcf 
100 3.82bcd 7.ISf h 
150 3.7Sbcd 7.14fh 

(JaUiri 4.9Gb 17.63 a 
25 4.66bc t4.52b 
50 3.97 bed 10.72 cd 
100 2.99cde 7.58cfh 
150 3.03ede 6.39 hi 

Shatta 0 2.2Sdcf 6.03 hi 
25 1.91 cf 5.35 hi 
50 1.87cf 4.20i· 
100 0.9Sf 2.97' 
150 0.8Sf 2.90 



that of the other three varieties. The sal! tolerant variety Turshy absorbed less sodium 
and chloride in Ihe rOOIS, but transported more Na inlo Ihe leaves than the other varie· 
ties. In comparison to chickpea. eggfrui t and red pepper seem to be more includer than 
excluder plants. They absorb a lot of sodium. This high quantity of sodium may be 
accumulated in parts of the plunt where it is nolso harmful for plant metabolism, e. g. it 
may be transported into the old instead of the young leaves (BUTS Al'O GAUAOHER,l990), 
or the salt may be accumulated morc in the leaf shCll ths and in the epidermal cells of the 
blades in order 10 protect Ihe mcsophyll (HUANG ANO VAN STEVENINCK, 1989). Such 
mechanisms of adaptation to high salinity also may have been important in O Uf cggfruil 
and red pepper plants. 
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Table 2: Influence of salinity on Na and CI concenlration in roots and shoots of 3 different 
eggfru it (SollllZum me/olZgellll, Dalady, Turshy, Dnltiri) and one red pcppcr(Cllpsit;UIn IlIlnuum, 

Shaua) varieties. Melns in columns with the same letter are not significa nllyd ifferentat P < 
0.05 (Dunean lesl). 

Variety S.[t Leve[ N. CI 
(m.\fNaCVI) rool shoot rool , hoot 

Balady 0 2,3 ' 0,3Oh 1,2f 3,' 
25 12,Odef 10,2f 21.5de 38,7f 

" 12,ldcf 19,7 de 28ged S2,8e 
100 15,5bcd 27,6bc 3S,9ab 52,Scde 
150 l7,hb J2,9ab 39.2 abc 73,9 abc 

Tun hy 0 29' Onh '" " 25 8,5fh 12,3f 16,4c J09f 

" 9,7ef h 24,1 cd 178e 528c 
100 12,9dcr 32,lab 29,1 cd 66.6bcd 
150 147b<:d 372a J4,7abc 79 1a 

BaUiri 0 3,5i' 0,29 h 121 39 
25 13 ,do 1O,4r 208de 396r 
50 17,4 abc l SSef 32 '" SS,8 dc 
100 185ab 254be J95ab 70 9 abe 
150 20, 1 a 321ab 449a 7S9ab 

ShaUa 0 1,5' 0.32h 381 3,' 
25 7,1111 4,7 II l S,2c 29,2f 
50 77h1 145ef 17ge 540e 
100 12,Odcf 28,4b<: 292b<: 58 I abe 
150 17,5 abc J8,Ja J7,8 abc 79 0 a 



Zusammenrassung 

Einflull von 130denversalzung auf das Wachslum und den Jonengchah verschiedener 
Sorten von Kichererbseo (Cicer arie/inum L.), Auberginen (Solanum me/ol/geM L.) 
und Paprika (Capsicum affnUlim L.). 

Ocr Einflu6 der 130denversalzung auf den Entag und die lonenkonzentrationen 
verschiedener Sorten von Kiehererbsen (Cirer arie/il/um L.), Auberginen (So/amml 
mc/Ollgellu L.) und Paprika (Capsicum all/wl/m L.) aus Syrien und Pallislina wurde in 
Topfversuchen im Gewiichshaus geprtift. Ocr Ertrag aller Pflanzen wurde durch sleigende 
NaCI-Versalzung von 0 bis 8 dSm·r im Siittigungsexlrakt des l3oc.Iens vermindert. 
Keimung, Spro6- und Kornertrag der Kichercrbsen wurde n ab 4 dSm·r verringerl, das 
Wurzelwachslum sagar schon ab 2 dSm,r. Die Kichererbsensorle Ghab 2 hallc trolz 
Versalzung den h&hstcn Wurzel- und SproBertrag, Ghab 1 dagegen den h6chsten 
Kornertrag. Bei Kichcrerbse, einer typischen Sa lz-Exci uder-Pl1anl.e, die slch dUfc h 
AusschlieBung von SOliz zu schUlzen vcrsuchl, korrcll1erte cine hohe Salztoleranz mil 
gcringen Na- und Cl-Gehalten 1m Gewebe, Bei Aubergine und Paprika wurdeder Erlrag 
def empfindlichen Sorten Balady und Balliri ab 1,46 dSm" vermindert, wahrcnd die 
Sorlen Turshy und Shatta wesentlich lolefanler waren . Turshy zeigtc die h6chslc 
Sa lztoleranz: Das GeratIc der Ertragsreduktionskurve war hier nicht so steil wie dllS der 
anderen SImco. Nach unseren Ergebnissen scheinen Aubergine und Paprika im Verglcich 
zu Kichen:rbsen me hr Sa lz- Includer-rnanzen l U sei n, Sic kon nen meh r Sa il. 
akkumulieren, was dann infolge osmotischcr Regulation einem durch die Versalzung 
verursachten Wasscrslre6 der Pflanzen enlgegenwirk1. 

-~ ~~~~~~ ~ i ::=; 
, '. 0".2 

Ftg. I: Emergence (plants per pot) of 12 sown !;Ccds of four differenl Cicer {Jri~lilmlll 
varicties. Means wilh lhe same leller are not signific~ntly different a\ P < 0.05 (LSD lest). 
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Fig. 2: ROOI dry weight (glpot) and Na and Cl contentration (mglg dry weight) of four Cicer 
arierilUi/Tl varieties. Means with the same Itller are nol s ignificant ly different al P < 0.05 (LSD 

lesE). 
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"-ig. J: Shoot dry weight (glpot) and Na and a concentration (mg/g dry weight) of four Cic~r 
(lrielillum varieties. Means with the same leuer are not significantly different at P < 0.05 (LSD 
test). 
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Fig. 4: Grain dry weight (glpot) and Na amI Cl concentration (mglg dry weight) of four Cieer 
QrieliIJUm varieties. Means with the same leiter are nOI significantly different at P < 0.05 (LSD 

test). 
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Fig. 5: Slope or tile linear regl'C$Sion (In, nalurallogarilhm) ofthe root dry weight of egg fruit 
(SolaIHlm me/ongena) and red pepper (Capsicwm a/IJlUum) as affected by salinity. 
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Fig. 6: Slope of the linear regression (In, na!urallogarithm) of the shoot dry weight o f eggfruil 

(Solanum me[ongena) and red pepper (Capsicum an'luum) as affected by sal ini ty. 
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