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ABSTRACT 
Chickpea (Cicer arietinum L.) is one of the most significant pulse crops worldwide whose production in 
Iran is threatened by the root-knot nematodes, Meloidogyne javanica (Treub) Chitwood. Drought is also 
the most common abiotic factor that can limit chickpea production. However, a part of respective yield 
losses can be averted through use of tolerant varieties. The existence of tolerance to Meloidogyne spp. and 
water stress has been separately reported but the response of chickpea cultivars to interaction of soil 
moisture and M. javanica has not been yet defined. Four chickpea genotypes (Bivaniej, Hashem, Arman 
and ILC 482) were evaluated for tolerance to M. javanica at three levels of soil moisture (LOW, MOD 
and HIGH). Soil moisture of LOW, MOD and HIGH treatments reached to water-holding capacity at 96, 
72 and 48 h. intervals. After 8 weeks, each cultivar was appraised for the length, fresh and dry weight of 
tops and roots; Leaf relative water content; Number of galls and egg masses, final population, 
reproduction rate, gall size, percent galled area of root, and damage index. Except for cv. Arman, other 
chickpea genotypes were susceptible to M. javanica at HIGH soil moisture , however cv. ILC482 has the 
best growth factors at this soil moisture. The response of Arman and ILC482 to nematode at MOD soil 
moisture was moderately resistance and their growth traits were more than those of other two cultivars. 
All the cultivars were moderately resistant at LOW soil moisture, while among them, cv. Arman had the 
best growth parameter in presence of nematode; however plants could not grow well at that soil moisture. 
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INTRODUCTION 

Chickpea (Cicer arietinum L.) is one of the most important legume crops in the world which is cultivated 
in 47 countries. This plant is an essential component of producing systems of subsistence farmers in West 
Asia, India and North Africa. The land area under cultivation of chickpea in Iran was estimated to be 
565,000 hectares that ranks fourth in the world after India, Pakistan and Turkey (FAOSTAT, 2013).  

Many plant-parasitic nematode species can attack chickpea and cause an estimated 13.7 % annual loss 
(Nene et al., 1989; Sharma et al., 1992). The root-knot nematodes (RKNs) are the most economically 
important parasites of chickpea in many areas of the world. In addition to plant growth suppression, 
RKNs may interfere with the nodulation and nitrogen fixation all resulted in the reduction of total yield 
(Sharma and McDonald, 1990; Castillo et al., 2008). Meloidogyne javanica, one of the four most 
common species, is extremely polyphagous (Agrios, 2005; Perry et al., 2009) and is most commonly 
found on chickpea in Iran (Barooti and Alavi, 2002).  

Currently the main managing method of RKNs is based on the use of chemical nematicides. Concerns 
about the ecological hazards of using these chemicals and limited alternative of non-host crops for 
rotation have increased the necessity of finding other alternative controlling methods. One favorable 
option can be resistant or tolerant cultivars (Moosavi and Zare, 2012).  

Drought is the most common abiotic factor that limits chickpea production worldwide (Saxena et al., 
1993) including Iran which is located at an arid and semiarid region. Estimation of chickpea yield loss 
according to drought stress ranges from 30 to 60% that depend on geographical region and length of crop 
season (Sabaghpour, 2004; Sabaghpour et al., 2006).  

Planting resistant or tolerant varieties is a desirable managing option as it is relatively inexpensive and 
needs no special equipment or additional capital investment. Different crop cultivars may have different 
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responses to nematode or water deficiency which are frequently attributed to plant genotype, 
environmental conditions or pathotypes. Soil moisture is one of the most important environmental 
conditions that can affect both plant and nematode.  

The existence of tolerance to Meloidogyne spp (Sharma et al., 1993, 1995; Ansari et al., 2004) and water 
stress (Sabaghpour et al., 2006; Kanouni et al., 2012; Pouresmaeil et al., 2012) has been separately 
showed in chickpea cultivars but the response of chickpea cultivars to interaction of water level and M. 
javanica has not been yet defined. The objective of this study was to determine the response of four 
chickpea cultivars that are commonly planted in Iran to M. javanica damage, soil moisture, and the soil 
moisture-nematode interaction. 

 

MATERIALS AND METHODS 

Production of nematode inoculum 

A population of M. javanica was maintained on tomato plants (cv. ‘Early-Urbana’) starting from a single 
nematode egg mass previously identified as M. javanica (Moosavi et al., 2010, 2011; Moosavi, 2012). To 
provide sufficient eggs for the experiments, the galled roots were cut into 0.5–1 cm pieces and agitated 
for 2–3 min in 0.5% sodium hypochlorite solution. The suspension was rinsed over 60 and 20 μm sieves 
(Hussey and Barker, 1973). Eggs were transferred to a 250 mL beaker with 100 mL of sterilized distilled 
water. The number of eggs were estimated and adjusted to 100 eggs per mL. 

Chickpea cultivars 

Four chickpea cultivars (Bivaniej, Hashem, Arman and ILC 482) were obtained from Sararood-
Kermanshah Dryland Agricultural Research. These cultivars are Kabuli chickpea genotype and were 
selected as they are the most common cultivars that are planted in Iran. Moreover, two of them are 
resistant to drought and other two are susceptible. Bivaniej is an indigenous chickpea cultivar that is 
relatively tolerant to drought. Hashem with the origin of ICARDA is a late ripening cultivar that is 
susceptible to drought. Arman is produced by ICARDA. This cultivar is susceptible to drought and is 
developed for planting in temperate and subtropical regions. ILC 482 is a cold tolerant cultivar originated 
from Turkey that is considered a rather drought tolerant cultivar too.  

Seeds of each cultivar were soaked in distilled water on a filter paper. The germinated seeds were 
transferred to plastic cups containing pasteurized soil. The two leaf seedlings with their surrounding soil 
were transplanted to three kg plastic pots (20 cm in diameter) containing loamy virgin soil (50.5% sand, 
33% silt and 17.5% clay). Each cultivar was grown in three pots; each containing three seedlings.  

Irrigation rate 

The amounts of water for adding to provide various soil moisture that represented the moisture levels in 
chickpea production areas were determined according to soil type (loamy), apparent specific gravity 
(AS=1.38), the field capacity (FC=19.5%), wilting point (PWP=9%) and then water-holding capacity 
(WHC=14.5%) of the soil. Three levels of irrigation were chosen in base of WHC that named as LOW, 
MOD, and HIGH. At LOW treatments, soil moisture reached to WHC at 96 h. intervals, while for MOD 
and HIGH treatments soil moisture reached to WHC every 72 and 48 h., respectively (Rahlao et al., 2010; 
Travlos, 2012). 

Greenhouse test 

The experiment was established in a randomized complete block design with a factorial treatment 
arrangement consisting of three levels of soil moisture and four chickpea genotypes (ILC 482, Bivaniej, 
Hashem and Arman) in the presence and absence of M. javanica.  

In the treatments which should be infected with nematode, two eggs and second-stage juveniles (J2s) of 
M. javanica per gram soil were added to soil around the roots of each three leaf seedling. After 8 weeks of 
growth in greenhouse at 26±2°C under a light/dark regime of 16 h light, the plants were harvested and the 
length, fresh and dry weight of tops and roots were determined. Leaf relative water content (RWC) was 
determined as Barrs and Weatherley (1962) by the following formula: RWC=100×(FW- DW)/(TW-DW), 
while FW=fresh leaf weight, TW=turgid leaf weight and DW=dry leaf weight.  
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Number of galls and egg masses were determined for each plant. Nematode damage was evaluated using 
a gall index (GI), gall size (GS), percent galled area of root (GA), and damage index (DI). Plant of each 
pot was lifted, examined, and galling immediately rated on scale of 1–9, where 1=0 galls; 2=1–5; 3=6–10; 
4=11–20; 5=21–30; 6=31–50; 7=51–70; 8=71–100 and 9>100 galls. Gall size (GS) was estimated on 1–9 
scale (1=no galls; 3=small galls; 5=medium; 7=large, and 9=very large gall). Percent galled area (GA) 
calculated as follow: 1=no galls; 3=1–10% root area galled; 5=11–30%; 7=31–50%; and 9=>50% root 
area galled. Damage index (DI) was estimated by dividing the sum of GI, GS, and GA by three. DI of a 
plant shows its degree of susceptibility, tolerance or resistance to root damage by the nematode. Cultivars 
with DI=1.0 were considered highly resistance to damage, 1.0<DI≤3.0 as resistant, 3<DI≤5.0 as 
moderately resistant, 5<DI≤7.0 as susceptible, and 7<DI≤9.0 as highly susceptible (Sharma et al., 1993, 
1995; Ansari et al., 2004). 

To determine nematode reproduction, J2s and eggs were extracted from the root system using Hussey and 
Barker (1973) method. Number of eggs was calculated for each egg mass by dividing the total number of 
eggs in each root system to the number of egg masses. Soils were mixed thoroughly and nematodes 
extracted from a 250 g soil sub-sample using Jenkins (1964) method. J2s collected on 25 μm sieve and 
counted. The reproduction rate (Pf/Pi) for each treatment was calculated by dividing eggs and J2s at the 
end of experiment (Pf) to beginning (Pi) (Moosavi et al., 2010, 2011).  

Statistical analysis 

Statistical analyses were performed using SAS software (version 9.1.3; SAS Institute, Cary, NC) (1990). 
The interaction effects, the mean values and their respective standard errors were computed and treatment 
means were separated using Duncan’s Multiple Range Test (P = 0.05). Simple and combined analyses of 
variance were done for each trait measured in the experiments.  

 

RESULTS 

The analysis of variance showed significant differences among cultivars for number of galls and egg 
masses in root systems, number of eggs in each egg mass, final population and reproduction rate. 
Nematode reproduction traits highly affected by soil moisture and except for the number of eggs in each 
egg mass, the means of other traits showed significant differences at 1% level of probability. Interactions 
of cultivars × soil moisture were significant for the number of eggs and egg masses in root system; and 
number of eggs in each egg mass (Table 1).  

 

Table 1: Analysis of variance for nematode reproduction characteristics on four chickpea cultivars 
at three soil moisture level 

s.o.v df 

Mean squares 

Root galls/  

root system 

Egg masses/ 

root system 

No. of eggs/ 

egg mass 
Final population 

Rate of 

reproduction 

block 2 235.86
ns  

269.69
ns  

254.50
ns

 5758432.23
ns

 0.20
ns

 

Cultivar (C) 3 727.14
** 

697.78
**

 7158.53
**

 37770325.36
**

 1.05
**

 

Moisture (M) 2 2055.44
**

 2068.36
**

 629.40
ns

 131045921.22
** 

3.32
**

 

C×M 6 542.67
**

 582.03
** 

11211.93
**

 8073231.76
ns

 0.19
ns

 

Error 22 74.62 88.94 212.34 7826921.18 0.21 

C.V (%)  32.83 35.21 21.9 24.16 23.5 

ns, *, **: Non significant, significant at 5% and 1% probability levels, respectively 
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Table 2: Comparison the means of nematode reproduction characteristics on each chickpea 

genotype at different soil moistures 8 weeks after inoculation with nematodes 

soil moisture Chickpea genotype No. of galls  No. of egg masses No. of eggs/egg mass Final population Pf/Pi 

HIGH
1
 

ILC482 69.33
a 

70
 a
 142.60

 a
 17297

 a
 2.88

 a
 

Bivanij 35.66
 b
 36

 b
 35.63

 cd
 15664

 ab
 2.42

 abc
 

Hashem 35.33
 b
 36.66

 b
 144.69

 a
 14549

 abc
 2.42

 abc
 

Arman 18
 cd

 17.66
 cde

 136.66
 a
 10833

 bcde
 1.80

 bcd
 

MOD
1
 

ILC482 20.66
bcd 

21.66
bcde 

93.50
 b

 15778
 ab

 2.62
 ab

 

Bivanij 28
bc 

26
 bcd

 30.33
 d

 12213
 abcd

 1.86
 bcd

 

Hashem 36.66
b 

38
 b
 54.89

c
 9497

 cde
 1.58

 cd
 

Arman 18.33
cd 

20
 bcde

 52.90
c
 10912

bcde 
1.81

 bcd
 

LOW
1
 

ILC482 26
 bc

 26.66
bc

 31.97
 d

 9904
cde 

1.65
 cd

 

Bivanij 12
 cd

 13
cde

 16
 e
 6600

 e
 1.65

 cd
 

Hashem 8.33
d
 8.33

de
 54.07

c
 9232

de
 1.53

 d
 

Arman 7.33
d
 7.33

e
 19

 e
 6421

 e
 1.07

 d
 

1- Soil moisture of LOW, MOD & HIGH treatments reached to water-holding capacity at 96, 72 and 48 
h. intervals 

Means in each column followed by the same letter are not significantly different according to Duncan 's 
multiple range test (p=0.05) 

 

The mean values of nematode reproduction trait among different cultivars as well as soil moistures were 
separately compared and grouped by Duncan’s test (Data not shown). Cultivar ILC 482 was more suitable 
for M. javanica reproduction and had the highest mean values of all nematode reproduction 
characteristics. Nematode development on all cultivars was decreased at soil with LOW moisture than 
soil with MOD and HIGH moisture. The means of nematode reproduction entities were also compared for 
the interaction of cultivars and soil moisture (Table 2).  

Analysis of variance across nematode infection for chickpea growth traits in different cultivars, soil 
moistures and their interaction were carried out (data not shown). Different soil moistures and interaction 
of cultivar × soil moisture affect all growth traits and their means were different significantly, while tested 
cultivars showed significant differences for shoot length; shoot fresh and dry weight; and %RWC (data 
not shown). The means of plant growth parameters among different cultivars as well as soil moistures for 
inoculated and uninoculated treatments were separately compared and grouped by Duncan’s test (data not 
shown). The growth parameters of different cultivars at various soil moistures were shown for inoculated 
and uninoculated treatments (table 3). As a rule of thumb, plant growth parameters reduced when soil 
moisture decreased and the highest growth achieved at HIGH treatment. Comparing two columns of 
uninoculated healthy plants (H) with plants that were inoculated with nematode (N) at certain soil 
moisture, showed the response of each cultivar to nematode infection; while comparing the means of each 
trait for certain cultivar at different soil moistures demonstrated the reaction of that cultivar to soil 
moisture (separately in presence or absence of nematode) (table 3). 
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Table 3: Comparison of plant growth parameters in healthy and nematode infected plants at different soil moistures and chickpea 

genotype after 8 weeks growth in greenhouse 

soil 
moisture 

Chickpea 
genotype 

Shoot length (cm) Fresh top weight (g) Dry top weight (g) % RWC Fresh root weight (g) Dry root weight (g) 

H
2
 N

2
 H N H N H N H N H N 

HIGH
1
 

ILC482 26.03
 ab

 23.43
a  

3.75
 ab

 3.64
 a
 0.75

 ab
 0.84

 a
 79.18

 ab
 69.94

 ab
 1.022

 abc
 4.43

 a
 0.44

 a
 0.16

 abc
 

Bivanij 20.50
cde  

21.26
ab  

4.35
 a
 2.71

 bcd
 0.59

 bcd
 0.67

 abc
 55.02

 e
 73.05

 ab
 1.53

 a
 4.06

 a
 0.47

 a
 0.22

 a
 

Hashem 16.20
f 

20.33
 ab

 3.002
 bcd

 1.68
e
 0.48

 cde
 0.36

de
 68.80

 bcd
 62.73

 ab
 1.33

 ab
 2.73

b
 0.34

b
 0.20

 ab
 

Arman 26.93
 a
 23.93

 a
 2.89

 bcde
 2.83

 abc
 0.87

 a
 0.66

 abc
 80.82

 a
 68.82

 ab
 1.32

 ab
 3.16

b
 0.33

b
 0.084

c
 

MOD
1
 

ILC482 23
 bc

 21.40
 ab

 3.10
bcd

 2.77
 bcd

 0.63
 bc

 0.70
 ab

 73.77
 abc

 70.35
 ab

 0.44
 de

 1.84
 c
 0.19

cd
 0.061

 c
 

Bivanij 22.53
bcd 

17.13
bc  

2.79
 cde

 2.07
 cde

 0.47
 cde

 0.35
de

 76.39
 ab

 39.03
c
 0.59

 cde
 1.80

 c
 0.18

cd
 0.14

 abc
 

Hashem 17.83
ef 

19.20
abc  

1.54
 f
 1.93

 de
 0.50

 cde
 0.44

de
 73.13

 abc
 63.72

 ab
 1.35

 ab
 1.79

 c
 0.20

cd
 0.17

 abc
 

Arman 17.16
 e f

 17.66
 bc

 3.51
 abc

 3.48
 ab

 0.68
 abc

 0.84
 a
 60.95

 de
 73.15

 a
 0.83

 bcd
 2.74

b
 0.28

bc
 0.10

bc
 

LOW
1
 

ILC482 18.43
 e f

 14.53
c
 2.03

 e f
 1.74

e
 0.35

 e
 0.49

 cde
 63.33

 cde
 61.34

 b
 1.04

 abc
 1.11

 cd
 0.15

d
 0.12

 abc
 

Bivanij 15.43
f
 18.26

 bc
 2.50

de 
1.72

e
 0.38

 de
 0.33

 e
 53.82

 e
 63.50

 ab
 1.07

 abc
 0.76

 d
 0.14

d
 0.13

 abc
 

Hashem 19.13
def 

16.70
 bc

 1.48
 f
 1.96

 de
 0.41

 de
 0.53

 bcd
 68.16

 bcd
 62.10

 ab
 0.21

 e
 1.17

 cd
 0.14

d
 0.056

 c
 

Arman 17.50
 e f

 17.70
 bc

 2.21
 def

 2.18
 cde

 0.65
 bc

 0.49
 cde

 82.84
 a
 68.15

 ab
 0.70

 cde
 1.66

 c
 0.20

 cd
 0.10

bc
 

1- Soil moisture of LOW, MOD & HIGH treatments reached to water-holding capacity at 96, 72 and 48 h. intervals 
2- H: uninoculated healthy plants; N: inoculated plants with nematode 
Means in each column followed by the same letter are not significantly different according to Duncan's multiple range test (p=0.05) 
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Except for cv. Arman, other chickpea genotypes were susceptible to M. javanica at HIGH soil moisture 
(Table 4). At MOD soil moisture, cv. Arman and ILC482 were moderately resistance to nematode 
infection while other cultivars were susceptible. Response of all genotype to nematode infection was 
moderately resistance at LOW soil moisture (Table 4). The cultivars differed in their GI, GS and GA 
mean values. All of the cultivars at different soil moistures had more than 30% of root area covered with 
galls. More than 50% of root area of cultivars ILC482, Bivanij and Hashem at HIGH soil moisture 
covered with galls (Table 4). 
 

Table 4: Evaluation the root damage by nematode according to gall index, gall size, galled area and 

damage index for different cultivars at various soil moistures 

soil moisture Chickpea genotype Gall index (GI) Gall size (GS) Galled Area (GA) Damage index (DI) Response 

HIGH
1
 

ILC482 7.3
a 

7
a 

9
 a  

7.8
a 

S
2
 

Bivanij 6
ab 

5
bc 

5.7
b 

5.6
b 

S 

Hashem 6
ab 

5.7
b 

5.7
b
 5.8

b 
S 

Arman 4
cdef 

3
d 

3.7
c
 3.6

cd 
MR

2
 

MOD
1
 

ILC482 4.6
bcd 

3.6
cd 

5.7
b
 4.7

bc 
MR 

Bivanij 5
bc 

5
bc

 5.7
b
 5.2

b 
S 

Hashem 6
ab 

5
bc

 5.7
b
 5.6

b 
S 

Arman 4.3
bcde 

3.6
cd 

3.7
c
 3.9

cd 
MR 

LOW
1
 

ILC482 5
 bc

 3
d 

3.7
c
 3.9

cd 
MR 

Bivanij 3.3
def 

3
d
 3

c 
3.1

d 
MR 

Hashem 3
ef 

3.6
cd 

3.7
c 

3.4
d 

MR 

Arman 2.7
f 

3.6
cd

 4.3
bc 

3.6
cd 

MR 

1- Soil moisture of LOW, MOD & HIGH treatments reached to water-holding capacity at 96, 72 and 48 
h. intervals 
2- S: susceptible; MR: moderately resistance  
Means in each column followed by the same letter are not significantly different according to Duncan's 
multiple range test (p=0.05) 
 

DISCUSSION 
Meloidogyne spp. is one of the most common limiting agents for chickpea production (Sharma and 
McDonald, 1990). There is a complicated interaction among plant cultivar-soil moisture-nematode. RKNs 
reduce the water absorption capacity of a root system by decreasing the number of healthy roots and 
destroying the vascular system (Perry et al., 2009; Bird et al., 2009). This may cause plants to show the 
symptom of wilting even in the soil with sufficient moisture. In the infected plant, the nematode is 
competing for metabolic products with the plant. The giant cell initiated by the nematode is a "sink" for 
plant products results in reducing the plant growth and yield (Jones and Goto, 2011).  
Interaction of M. javanica and soil moisture has not been yet determined, however there are some reports 
about the existence of tolerance to Meloidogyne spp (Sharma et al., 1993, 1995; Ansari et al., 2004) and 
water stress (Sabaghpour et al., 2006; Kanouni et al., 2012; Pouresmaeil et al., 2012). Our data 
demonstrated that at HIGH soil moisture only cv. Arman was moderately resistant to infection by 
nematode while other tested cultivars lacked resistance. Final population is also one of the reliable traits 
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to judge about the response of cultivars to nematode damage. Commonly higher final population and 
reproduction factor resulted in more damage (and less growth) except in tolerant cultivars (Ansari et al., 
2004). Tolerance is the capability of a cultivar to growth normally in spite of the presence of a pathogen 
(Walters, 2009). Tolerance in chickpea cultivars is a useful characteristic for producing good crop in any 
adverse condition. At HIGH soil moisture the final population and reproduction factor on cv. Arman was 
lower than these indices on other cultivars (Table 2), however cv. ILC482 has the best growth factors at 
this soil moisture (Table 3). The final population and reproduction factor of nematode on ILC482 was 
more than those of Bivanij and Hashem but not significantly different (Table 2), therefore cv. ILC482 can 
grow well in the presence of M. javanica without any significant growth reduction. However the long life 
time of Hashem cultivar may make it more susceptible to RKN because of increasing in the time 
supporting completing more generation of nematode. When increase in nematode population is a concern 
for the next crop, it is better to use Arman in soil with moisture at field capacity.  
Nematode reproduction on all cultivars was approximately similar at MOD soil moisture (Table 2). The 
response of Arman and ILC482 to nematode at MOD soil moisture was moderately resistance (Table 4) 
and their growth traits were more than those of other two cultivars (Table 3). Damage index decreased at 
lower soil moisture as all cultivars showed moderate resistance at LOW soil moisture (Table 4), however 
except for RWC, other growth traits of cultivars were also significantly lower than those of other soil 
moistures (Table 3). The nematode development on these cultivars was similarly reduced significantly 
(table 2). This means that the moderate resistance of cultivars to nematode infection was due to limitation  
of J2s mobility as well as reducing the size of root system. Low water level of soil can confine J2s 
mobility as nematode move within a film of water in pores between soil particles. Similarly, It can 
diminish the size of root system and reduce the possibility of encountering a suitable root due to both a 
smaller root system and limited mobility of J2s (Burr and Robinson, 2004; Curtis et al., 2009). It is also 
clear that the defense mechanisms of a weak plant could not sufficiently protect it against Meloidogyne 
spp (Chesson, 1988; Williamson and Roberts, 2009). Arman had the best growth parameter in the 
presence of nematode at LOW soil moisture (table 3) and can be exploited when nematode infection is 
concurrent with low soil moisture.  
An important question arising here is whether it is usable to exploit water stress to minimize the infection 
rate of the nematode. Although our research was not designed to respond this question, it did provide 
observations of nematode damage under three soil moisture conditions. It seems that for these four 
cultivars, exposure of plants to water stress in order to reduce the rate of root-knot infection is not 
recommendable. Looking at the results (table 3) shows that the damage of M. javanica decreased at LOW 
soil moisture but the plants could not grow well at that soil moisture too. 
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