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Introduction

Chickpea is the third most important grain legume and its seeds contain protein that is an important energy source for
human. Drought diminishes crop yields and carries the potential to result in total crop failure. However, chickpeas are
renowned for their superior drought tolerance compared to many other cool-season legumes. Given that water
availability is the primary constraint on growth in arid conditions, optimal yields and crop production occur when plants
efficiently absorb the limited soil moisture available. This feature will only be achieved through the compatibility
mechanisms associated with the root system. Chickpea have a direct and deep root system that helps the plant absorb
moisture from the lower layers of the soil. Therefore it has led to the prosperity of its cultivation in rainfed areas. Water
absorption by the plant depends on the size of the root, its activity and distribution in the soil. Therefore, it seems that
the understanding of plant root traits is necessary to further understand the mechanisms of drought resistance. In
general, few studies have been done on the diversity of legume roots. Therefore, this research was carried out with the
aim of investigating the diversity of root morphological traits of chickpea lines in order to use these traits to select
drought-tolerant chickpea lines.

Materials and Methods

The plant materials of this experiment included 39 chickpea lines of Icarda origin, which were taken from the Kurdistan
Research Center. The experiment was conducted as a completely randomized design with four replications in the
research greenhouse of llam University. Seeds were implanted in PVC tubes with a diameter of 10 cm and a length of
60 cm. A drip irrigation system was designed in such a way that an emitter was located inside each tube. With this
method, the test tubes were in favorable conditions. In the greenhouse the temperature was under control and had a
temperature of 25 degrees Celsius and an average humidity of 70% and the plants used natural light without any
additional light. After 35 days of seed germination traits were measured. For this purpose, first the aerial parts of the
plant were separated by scissors. After separating the roots from the PVC tubes, they were placed in ethanol with a
concentration of 98% and after being transferred to the laboratory, they were stored in the refrigerator, then the traits
were measured. Variance analysis of traits and average comparison of data was done with Duncans multi-range test
using SAS software version 9.1.

Results and Discussion

All the measured traits had a good variation range among the studied chickpea lines that these results are consistent with
previous studies. None of the lines showed superiority for all root traits. Line FLIPO7-20C having the longest root
length, can benefit from the water available in a larger volume of the soil profile. In the examination of rooting depth in
grain legumes, such as chickpeas, it was observed that root length remains relatively stable across a broad spectrum of
soil moisture levels. Root length is considered a crucial parameter in plant growth, as researchers posit that the length of
roots per unit of soil volume is the most effective characteristic for assessing water and nutrient absorption by plants. In
our current investigation, a significant disparity was noted between the highest and lowest root volumes. Root volume
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stands out as one of the plant's key attributes for absorbing water and nutrients. In this research, line FLIP 82-150C had
the highest and line FLIP97-706C had the lowest specific root length. The specific root length is one of the important
traits in showing the efficiency of the root in absorbing water and resistance to drought. When faced with drought stress,
the plant assigns more dry matter to the root system in order to increase the absorption ability of the roots; as a result,
there are changes in the morphological characteristics of the roots, such as an increase in the specific length of the root.
The highest root density was observed in line FLIP09-149C. root density is a trait that is affected by root weight and
volume. In the condition of drought stress, the decrease in root volume caused an increase in root density and at the end
of the growth period, the decrease in root dry weight was more than the decrease in its volume, which ultimately led to
a decrease in root density. Studies have indicated that as humidity decreases and soil depth increases, there is a notable
decrease in root density. Overall, the findings from this research offer foundational insights for advancing efforts to
enhance root characteristics, thereby mitigating drought and enhancing the resilience of chickpea varieties to drought
stress.

Conclusions

The results showed that Line FLIP07-20C had the highest root length, root length density and root water content
compared to other lines, but none of the lines were superior in terms of all root traits. The obtained information about
the characteristics of the roots of the studied lines can be used to improve drought-resistant chickpea lines.
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Table 1- The list of chickpea lines

K90 0 kel oY el aolic yxl
NO. Line Name Pedigree

1 FLIP97-706C X04TH62/X03TH-130XFLIP97-116
2 FLIP03-77C X04TH65/X03TH-133XFLIP96-154
3 FLIP03-130C X04TH65/X03TH-133XFLIP96-154
4 FLIP06-158C X04TH65/X03TH-133XFLIP96-154
5 FLIPO7-19C X04TH66/X03TH-134XFLIP97-116
6 FLIPO7-20C X04TH66/X03TH-134XFLIP97-116
7 FLIP0O7-22C X04TH66/X03TH-134XFLIP97-116
8 FLIP07-28C X04TH67/X03TH-135XFLIP99-34
9 FLIPO7-31C X04TH67/X03TH-135XFLIP99-34
10 FLIP07-44C X04TH76/X03TH-144XFLIP97-116
11 FLIP0O7-239C XO04TH77/X03TH-145XFLIP99-34
12 FLIPO7-261C X04TH79/X03TH-147XFLIP96-154
13 FLIPO7-280C X04TH110/X03TH-178XFLIP97-116
14 FLIP08-46C X04TH110/X03TH-178XFLIP97-116
5 FLIP08-200C X04TH114/X03TH-182XFLIP97-116
16 FLIP09-70C X04TH115/X03TH-183XFLIP99-34
17 FLIP09-81C X04TH117/X03TH-185XFLIP96-154
18 FLIP09-85C X04TH123/FLIP97-205XFLIP97-116
19 FLIP09-90C XO04TH124/FLIP97-229XFLIP99-34
20 FLIP09-98C X04TH126/FLIP98-229XFLIP96-154
21 FLIP09-148C X04TH129/FLIP98-233XFLIP99-48
22 FLIP09-149C X05TH7/X04TH-126XFLIP01-18
23 FLIP09-189C X05TH106/FLIP97-131XFLIP00-14
24 FLIP09-191C XO05TH106/FLIP97-131XFLIP00-14
25 FLIP09-192C XO05TH106/FLIP97-131XFLIP00-14
26 FLIP09-194C X05TH106/FLIP97-131XFLIP00-14
27 FLIP09-214C X05TH131/FLIP97-118XFLIP00-17
28 FLIP09-216C XO05TH152/FLIP98-107XUC27
29 FLIP09-218C X04TH31/X03TH-31XFLIP97-116
30 FLIP09-219C X06TH100/FLIP02-47XFLIP98-230
31 1LC482 ILC482
32 FLIP 82-150C X79TH101/1LC 523 X ILC 183
33 FLIP88-85C X85 TH143/ILC 629 x FLIP 82-144C
34 FLIP93-93C X89TH258/ (FLIP 85-122CXFLIP 82-150C)/FLIP 86-77C
35 FLIPQ7-180C X04TH12/X03TH-12XFLI1P99-48
36 FLIP09-88C X04TH40/X03TH-40XFLIP99-34
37 FLIP09-115C X04TH50/X03TH-50XFLIP99-34
38 FLIP09-337C X04TH53/X03TH-53XFLIP97-116
39 FLI1P09-386C X04TH59/X03TH-59XFLIP99-48
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