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ABSTRACT

Elite chickpea lines obtained from the International Center for Agricultural Research in the Dry Areas were

evaluated for yield in responses to sowing date at two Mediterranean climatic locations; Mushager and Rabba.

The chickpea at Rabba had higher yield that those grown at Mushager. Maximum yield was achieved at the

winter time of sowing rather that at the spring time of sowing. Cluster analysis, coordinate mapping and

comparing pairs of lines grown in the two sowing dates for the yield obviously indicated clear genetic distance

among these lines. These results suggest the genotypic features effect for the suitability for sowing date that

might be attributed to life cycle, flowering time, or developed root system, which reflected on the adaptation

to a certain environmental sowing date. Specific analysis of the morphological selections for adaptation to

certain environment is critical for the right choice of appropriate genotypes for certain environments.
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Introduction

Chickpeas are important legumes in many area of the world. In the Mediterranean region, chickpea are

an important part of the diet, seeds representing a cheap source of high quality protein. Chickpea seed is used

as salads, cooked in stews, ground into flour called gram flour, ground and shaped in balls and fried as falafel,

cooked and ground into a paste called hummus, or roasted, spiced and eaten as a snack. There are two kinds

of chickpea, that is to say desi (with small, dark seeds a rough coat, and a mean seed weight of 170 to 250

mg seed ) and kabuli (with light-colored, larger seeds, a smoother coat and the seed weight is between 270–1

and 550 mg seed )  that are grown in the most important chickpea production areas of the world (Kumar and –1   

Abbo, 2001; Siddique et al., 2002; Anonymous, 2006). 

The kabuli type is grown in temperate regions while the desi type is grown in the semi-arid tropics

(Muehlbauer and Singh, 1987; Malhotra et al., 1987). Chickpeas were first cultivated in the Middle East and

Central and South America. Agronomically, chickpeas may also play an important role with the intensification

of crop rotations as an alternative to fallow in the traditional cereal/fallow rotation (Tawaha et al., 2005).

Chickpea is beneficial to the environment it improves soil fertility by adding nitrogen from the atmosphere.

Yield of chickpea is influenced by numerous factors including genotype, growing season, geographical site,
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and agronomic practices (Tawaha et al., 2005). Given that environmental and genotype by environment effects

have a large influence on yield of chickpea it is essential to understand how it is affected by specific

agronomic factor. 

Genotype  x  environment  interaction  (G  x  E)  is  increasingly  important,  because  breeding

programs  tend  to  be  more  internationally  oriented.  During  recent  decades,  new improvements have

been  accomplished  in  plant  physiology,  agronomy,  and  statistics   and   some   incorporated  approaches

emerged  for  G x E  interactions  evaluation  (Brancourt-Hulmel,  1999).  The  objective  of  this study was

to  determine  the  role  of  the  genotype,  environment,  and  genotype  x  environment  interactions on

yield of chickpea.

Materials and methods

Plant material and culture conditions

Ten elite winter chickpea lines (FLIP 99-66C, FLIP 99-59C, FLIP 99-45C, FLIP 99-34C, FLIP 98-55C,

FLIP 97-131C, FLIP 97-102C FLIP 82-150C, FLIP 97-74C, and ILC 482) were obtained from the International

Center for Agricultural Research in the Dry Areas (ICARDA, Aleppo, Syria). These lines are resistant to

ascochyta blight fungal disease under Jordanian conditions (Al-Rifaee et al., 2005).  

Treatments and experimental design

The 10 elite winter chickpea lines a long with a local winter cultivar (Jubeiha-2) were planted in Jordan

during the 2002/2003 growing season in two varied environmental sowing dates; environment I (winter sowing

date) and environment II (spring sowing date). Experiments were conducted at two Mediterranean climatic

locations; Mushager in the middle (31º  43` N latitude, 35º  48`-E longitude, 800 m altitude, rainfall long-term

average 360 mm) and Rabba in the south (31º  16` N latitude, 35º  45` E longitude, 920 m altitude, rainfall

long-term average 340 mm). The experimental fields received granular fertilizer DAP (diammonium phosphate

2 518% N and 46% P O ) at a rate of 100 kg ha  before plowing. Disc plow followed by duck’s foot plow were-1

used to prepare seed bed. Sowing rates were adjusted according to seed size and percentage germination to

obtain 33 plants m . Hand planting was practiced on early December for the winter sowing date and on early-2

March for the spring sowing date. They were sown in experimental plots of 2 m x 5 m. Experimental design

was two factors randomized complete block design (RCBD) with three replicates combined over locations

analysis. At maturity, and from each plot on June, a one meter square area was used to harvest the plants of

central rows of each plot, and then seed yields were recorded. Data were analyzed using MSTAT-C Program

for analysis of variance procedures for two factors randomized complete block design combined over locations

according to procedure outlined by Steel and Torrie (1980). Comparisons between means were made using least

significant difference (LSD) at 5% probability level. The genetic distance studies were analyzed using

NTSYSpc (Rohlf , 1993).

Results and discussions

Rainfall was well distributed and exceeds the long term averages at Mushager and Rabba locations.  Total

perceptions were 424.3 and 353.4 mm year  in Mushager and Rabba, respectively. The chickpea at Rabba had-1

higher yield that those grown at Mushager (Table 1). The higher yield may have been due to favorable

moisture as well as to the longer life cycle of plant at Rabba than at Mushager. Many breeding strategies for

yield increases are based on the assumption that increased yield potential depends on increases in size of the

photosynthetic source, achieved through lengthening the growth cycle (White and Izquierdo, 1991). Besides,

increases in crop yield arise from the amount of solar radiation plants intercept to lengthen the life of the

canopy. Moreover, lengthening life of plant canopies has been associated with increased yield (Gifford and

Evans, 1981).

Yield potential across sowing date

Seed yield of chickpea was significantly affected by sowing date (Table 1).  Late sowing (spring sowing)

significantly lowered some seed yields at both locations.  The winter sowing resulted in greater seed yield with

twofold higher than spring sowing at the two locations (Tables 1 and 2). The  mean seed yields in the two
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locations for winter and spring sowing dates were 1244 and 585 kg ha , respectively. The yield advantage of-1

the winter sowing date attributed to the prolonged growing season (7 months compared to only 4 months in
spring). This allows the plants to get benefit of better moisture conditions that resulted in greater vegetative
and reproductive development. On the other hand, in the spring sowing date the chickpea is grown mostly on
moisture stored in the soil from the preceding winter rain and the rare late season shores in spring. Since at
this time temperature start rising and the winter rains end, the crop length varies from 3 to 4 months and the
growth rate is determined by the temperatures and the water stress of early summer.  Our results are in
agreement with those of previous studies conducted with other legumes grown under similar conditions, which
suggested that early sowing benefits seed yield (Tawaha and Turk, 2001; Turk et al., 2003;  Tawaha and Turk,

2004; Tawaha and Turk, 2005; Tawaha et al., 2006). 

Table 1: Seed yield (kg ha ) of winter chickpea lines grown in winter and spring environments at Rabba and M ushager during-1

2002/2003 season.

Rabba Location M ushager Location

Line number ------------------------------------------------------ ------------------------------------------------

 Winter sowing Spring sowing Winter sowing Spring sowing

1 FLIP 99-45C 1702 702 1238 583

2 FLIP 99-59C 1394 401 1585 656

3 FLIP 82-150C 1277 710 1361 567

4 FLIP 97-131C 1231 333 1303 640

5 FLIP 99-34C 1429 642 962 767

6 FLIP 98-55C 1300 491 987 623

7 FLIP 97-74C 1196 450 1024 639

8 FLIP 97-102C 1256 349 836 538

9 FLIP 99-66C 1111 820 924 776

10 ILC 482 1304 804 1328 415

11 Jubeiha-2 1439 594 1188 337

L.S.D. (0.05) 502 289 579 418

Table 2: Combined seed yield (kg ha ) analyses of winter chickpea lines grown in winter and spring at Rabba and Mushager during-1

2002/2003 season

Line Name FLIP CFLIP FLIP ILC Jubeiha FLIP FLIP FLIP FLIP FLIP FLIP

99-59 99-45C 82-150C 482 -2 97-131C 99-34C 98-55C 97-74C 97-102C 99-66C

Winter sowing 1489 1470 1319 1316 1313 1267 1196 1143 1110 1046 1018

Spring sowing 529 643 639 627 466 486 705 557 545 444 798

* LSD (0.05) = 362

Adaptation to the sowing date

In spite of the tested lines being originally classified as a winter chickpeas, the lines responded differently
to the two sowing date, and tends to be sub classified into three groups. The first group consists of the lines
that are more adapted to the winter sowing. Those are FLIP 99-59C and FLIP 99-45C. Those lines needed
prolonged growing season to build strong vegetation that will sink into the maximum seed yield. Whereas, they
behave worse when grown in spring. Moreover, the line FLIP 99-59C is only productive in the winter sowing
(Table 2) while it is rank late in the spring sowing date (36% of winter yield). Whereas the line FLIP 99-45C
seems more stable than FLIP 99-59C across sowing date. On the other hand the second group is more adapted
to the spring sowing date for production. Those are (FLIP 99-66C and FLIP 99-34C). Those lines are delaying
vegetative growth until the temperature start to rise in the spring, as well as they are more efficient than the
first group in developing their vegetation in the shorter spring growing date. This trend has been repeated at
the two growing locations; Mushager and Rabba (Table 1). The third group is intermediate between the other
groups and includes the remaining lines. These results obviously indicated the genotypic features effect for the
suitability for sowing date that might be attributed to life cycle, flowering time, or developed root system.

Genetic distance analysis between the chickpea lines sown in the two sowing dates were performed after
data standardization, since the results are sensitive to the choices of units of measurements. The analysis was
carried out using NTSYSpc (Rohlf 1993). Where it is shown in Figure (1) that the 44 entries (11 lines in two
locations in two dates) had a little genetic dissimilarity (Nei's genetic distance < 0.003). However, when the
mean values of the 11 lines were subjected to cluster analysis, regardless of sowing date and location as shown
in Figure (2), there was clear genetic distance among these lines. Line number 5 (FLIP 99-34C) is obviously
dissimilar from others.

Despite the fact that the genetic dissimilarity among winter sowing and spring sowing dates was slightly
larger than that among lines (0.07> 0.05) (Figure 1), it is still believed that the dissimilarity among the same
set of lines could be maintained in either sowings, as shown in Figure (2). The same lines could be similar
in either sowings date such as line 1 (FLIP 99-45C) line 9 (FLIP 99-66C) and line 11 (Jubeiha-2), that were
dissimilar from others in both sowings (Figure 2). However, they were genetically far from similarity when
sowing date is considered (genetic distance 0.025). 
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The Principal Coordinate Map for the first and third coordinates estimated for 11 winter sown and 11
spring sown chickpea lines using the genetic similarity matrix for seed yield is shown in Figure 3. It confirmed
that winter sowings are all in coordinate 1 (positive) and principally far from spring. However, two lines from
spring sowings FLIP 99-34C (S-5) and FLIP 98-55C (S-6) were similar to those from winter. However, they
were very close to the vector, which means that they could also perform will in spring sowing. But on the
contrary the lines that were far from the vector they will be much suitable to either sowing date.

Fig. 1: Cluster analysis for seed yields of the 44 entries (11 lines in two locations in two sowing dates).

Fig. 2: Cluster analysis for the mean seed yields values of the 11 chickpea lines (regardless of sowing dates
and location).
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Fig. 3: Coordinate map of seed yield for 11 winter and 11 spring sown chickpea lines.

Fig. 4: Genotype x environment interactions for chickpea lines seed yield grown in winter and spring sowing
dates.

Comparison of genotype x sowing date interaction

Comparison of chickpea lines for seed yields across the sowing dates showed three cases for genotype X
sowing date interaction. The first case showed no interaction across different sowing dates, where the yield
of two lines were increased at a similar rate (lines are parallel) indicating no genotype X sowing date
interaction. The examples of this case are the comparisons between the lines FLIP 82-150C versus ILC 482
(Figure 4a) and the lines FLIP 98-55C versus FLIP 97-74C.

The second case showed divergence between the lines representing a change in seed yield magnitude, with
the lines not being parallel, which signifies presence of a genotype X sowing date interaction. Yield of the first
line increase at a more rapid rate than the yield of the second line across the two sowing dates without any
alteration in their rank. The example of this case is the comparisons between the lines FLIP 99-59C versus
Jubeiha-2 (Figure 4b). 

The third case showed changes in the rank among lines across sowing dates. Seed yield of the first line
is superior under the spring sowing date, while the opposite is true under the winter sowing date. This is a
significant genotype X sowing date interaction because of a change in ranking of the lines under different
sowing dates. The most important genotype X sowing date interaction for the plant breeder is one caused by
changes in rank among genotypes (Fehr, 1987). This case found to be the most common among the chickpea
lines studied in this experiment. Example of this case are the comparisons between the lines FLIP 99-59C
versus FLIP 99-66C  (Figure 4c), FLIP 99-59C versus FLIP 99-34C, FLIP 99-59C versus FLIP 99-45C and
FLIP 99-66C versus FLIP 99-34C.
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Conclusion

The present study suggests that environmental and agronomic factors have a great impact on chickpea
yield; yields are strongly reduced when normal sowing dates are delayed as well our results confirm the need 

for separate breeding programs for the development of cultivars adapted to winter sowing and spring sowing
environments. This finding may be particularly important in view of the effects of sowing date, breeding lines, 

and their interactions on chickpea yield.
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