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ABSTRACT

The aim of this study was to investigate the genetic diversity and phylogenetic relationships of 14 populations of five species
of Rumex, including R. chalepensis, R. kandavanicus, R. pulcher, R. crispus and R. tuberosus from Ardabil and Khorasan
Razavi provinces using morphological traits. The studied traits included leaf length, leaf width, number of leaves per plant,
aerial fresh and dry weight, chlorophyll a, chlorophyll b, carotenoids, phenol and antioxidants. Studies of morphological and
phytochemical traits on farm and greenhouses showed that the highest coefficient variation for morphological traits related
to aerial fresh and dry weight and number of leaves per plant, while the lowest coefficient variation related to the leaf length.
In addition, the highest coefficient variation related to chlorophyll b and phenol and the lowest related to chlorophyll a. Also,
the results of mean comparison of morphological traits under farm and greenhouse conditions showed that there was a
significant difference between different species of Rumex and different populations within each species in the farm,
however, there was a significant difference between different species in the greenhouse only in leaf length, leaf width,
number of leaves per plant, aerial fresh and dry weight, phenol and antioxidants. In general, phenol and antioxidants were
higher in R. crispus than in other species, however, R. tuberosus showed lower values in all morphological and
phytochemical traits compared to other species.
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Table 1. Information on the habitats of the studied Rumex.

Habitate  Herbarium . . .
Wcajrk?cr Latitude Longitude Altitude (m) Region Province
code code condition
PM, 6481 Cold nad semi-arid ~ 59° 031" 328" 36° 18° 635" 1043 Vakil Abad KEZZSVTH
PM2 _ Cold and humid 59° 130" 936 59° 130" 936 1636 Kang Khorasgn
Razavi
PM; 6482 Cold and semi-arid 5970137254 367187480 1760 Kang Khorasgn
Razavi
PM, 6484 Semi-arid 59° 054" 436 36° 38" 879 1348 Kalat Khoras:%n
Razavi
PM; 6478 Semi-arid 59°027" 545" 36° 45 655" 1470 Haroniyeh Khorasan
Razavi
PMs 6489 Cold and humid 59° 139" 958" 36° 198" 400" 1674 Kang KEZZSVTH
PM; 6479 Warm and arid 5970517659 397307095 1251 Joghri Khorasgn
Razavi
PM;g 6483 Cold and semi-arid 597 029°157 367107290 1300 Ardameh Khorasgn
Razavi
PM, 6490 Cold and arid 5870577289 36°297 182 1721 Ferizi Khorasan
Razavi
PM;o 6480 Cold and humid 382054378 36%267 906 2144 Kandelan Kll;:;ieim
PA 6488 Cold and humid 4820157 007" 38°21.1" 45" 1299 Samyan Ardabil
PAp» 6487 Warm and humid 47° 046" 686" 39°36" 373" 32 Moghan Ardabil
PA; 6485 Warm and humid 47° 052" 354" 39° 377 958" 58 Aghdam Ardabil
PAy4 6486 Mild 47° 0397 053" 39°07" 840" 478 Ziveh Ardabil
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Figure 2. View of the appearance of plants in populations of studied Rumex on the farm; A: PM; (R. chalepensis), B:
PM, (R. kandavanicus), C: PM; (R. tuberosus), D: PMy (R. chalepensis), E: PMs (R. chalepensis), F: PMg (R.
kandavanicus), G: PM; (R. tuberosus), H: PMg (R. chalepensis), I: PMg (R. chalepensis), J: PMy (R. kandavanicus),
k: PA || (R. pulcher), L: PA, (R. pulcher), M: PA 5 (R. crispus), N: PA 4 (R. crispus).
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Table 2. Descriptive statistics of the quantitative traits of five species and 14 populations of studied Rumex in the

farm.

: s 2 38 5 .1
2 - - _ _ < o @) 9 =R =P
g i 2§ 2. Em Z» =% =% % &% 8% ES

2 = = 5% O% =% 3 £ 2

g g "2 28 B “p %
PM, 14.38 6.18 9.67 18.25 2.19 08.06 4.84 22.90 128.88 494.49 0.70
PM, 13.73 8.68 15.33 39.50 3.15 20.24 6.32 26.56 215.93 486.95 0.65
PM; 7.42 4.57 11.83 11.67 1.16 18.28 4.67 22.95 170.08 370.89 0.49
PM, 16.10 8.53 15.25 53.17 6.08 20.77 6.03 26.81 202.65 531.53 0.65
PM; 15.34 6.27 53.92 155.75 7.24 17.89 6.65 24.55 190.61 596.12 0.68
PM, 16.99 10.78 9.92 49.33 5.98 15.95 4.20 20.14 159.51 627.26 0.74
PM; 9.05 3.94 26.50 25.67 3.01 16.12 4.08 20.20 148.17 325.98 0.50
PM; 13.98 7.29 14.17 62.57 5.86 12.57 9.38 21.95 129.09 532.84 0.63
PM, 19.18 9 36.08 176.58 11.91 18.29 423 22.51 177.35 507.93 0.58
PM,o 22.16 9.93 38.08 187.17 15.81 17.42 3.62 21.04 192.20 555.79 0.65
PA, 16.54 6.53 73.92 207.50 15.21 20.64 492 25.56 221.18 447.93 0.62
PA, 17.54 6.87 72.25 203.83 12.07 17.35 5.08 22.43 219.94 373.84 0.36
PAj; 14.89 4.40 50.33 147.33 8.55 20.50 6.42 26.92 244.44 627.59 0.72
PAy 21.61 8.28 20.50 63.42 9.53 17.25 3.74 20.99 181.46 944.93 0.72
Mean 15.64 7.23 31.77 100.14 7.70 17.89 5.24 23.13 184.39 530.29 0.62
Min. 4.8 2.4 5 8 0.50 2.11 0.86 2.38 58.11 282.38 0.20
Max. 28.5 15 92 301 30.63 24.13 11.62 32.34 283.58 1210.80 0.87
SD 4.75 2.38 23.30 76.23 5.58 2.97 1.79 341 40.47 165.51 0.12
CV (%) 30.37 32.91 73.33 76.12 72.46 16.6 34.16 14.74 21.94 31.21 19.35

a Jsy,i5) Chl.a + ChlLb (b Jss,l5) Chlb (@ J.é5,15) Chla (i 39) DW (5 (y59) FW (aigy j0 Sy laas) NL (5 5,0) LW (S, Jsb) LL
(OlanST 5T Anti (asgs,15) Car «b Ly Is +
LL (Leaflength) LW (Leaf width) NLNumber of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chl.b (Chlorophyll b)

. Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).
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Table 3. Descriptive statistics of the quantitative traits of five species and 14 populations of studied Rumex in the

greenhouse.
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PM, 15.11 6.57 24.25 20.25 3.64 18.73 4.09 22.81 170.64 521.36 0.57
PM, 12.87 7.55 11.25 20.25 1.69 21.50 4.18 25.68 213.03 566.18 0.56
PM; 5.94 3.82 12.50 19.08 1.97 14.45 4.89 18.79 140.59 276.15 0.36
PM, 10.63 6.94 19.50 35.62 3.84 17.33 4.09 21.31 171.88 449.36 0.51
PM; 11.83 9.24 8.25 10.50 0.85 21.65 4.80 26.38 209.24 543.99 0.59
PMg 16.23 9.67 7.75 2 1.80 16.61 3.50 20.12 159.33 383.68 0.62
PM; 7.68 4.92 13.50 20.35 2.54 13.90 541 19.07 152.40 282.57 0.40
PMg 13.12 6.94 8.75 18 1.64 18.82 4.09 2291 191.07 504.64 0.53
PM, 9.98 6.57 6.50 14.75 1.75 20.48 4.22 24.70 213.09 736.75 0.48
PM,o 31.51 59 15.75 22.25 2.37 21.18 4.36 25.54 213.98 575.46 0.56
PAy, 10.72 6.4 23.75 14.71 341 18.78 3.65 22.44 177.76 481.04 0.50
PA, 11.84 6.73 43.75 41.75 4.11 18.51 5.04 23.56 186.15 344.33 0.50
PA;3 12.74 6.63 45.25 59.25 5.08 17.50 3.66 21.17 172.59 536.12 0.62
PAy4 20.78 7.35 7.50 31.25 3.38 18.89 3.83 22.72 172.22 625.13 0.63
Mean 12.39 6.81 18 25.30 2.77 18.46 4.25 22.65 181.62 489.03 0.53
Min 3.93 3.82 6 1.28 0.46 9.33 20.1 11.34 93.58 202.98 0.22
Max 22.96 9.67 65 92 9 27.36 9.69 35.89 30092  1029.83 0.93
SD 3.79 1.54 13.63 17.97 1.93 3.52 1.13 4.37 42.50 156.97 0.12
CV (%) 3.58 51.29 75.72 71.02 69.67 17.6 26.58 19.29 23.4 32.09 22.64

Chla + ChLb «b J.85,IS) Chlb «a Juds,IS) Chla (s 039 DW (3 039 FW (&g ;5 5y olawd) NL (S5 2,0) LW (S Jsb) LL

(OIS 5T Anti ((0555,15) Car b Judg 1S +a Juds,15)

LL (Leaf length) LW Leaf widthy NLNumber of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chl.b (Chlorophyll
b), Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).
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Table 4. Mean comparison of morphological and phytochemical traits of 14 populations of five species of Rumex in

the farm.
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R. chalepensis
PM, 1437 6.17° 9.66° 15.25¢ 2.19° 18.06°  4.83¢ 22.90% 128.88° 494 .49° 0.69*
PM, 16.10° 853" 1525  53.16°  6.08°  20.77°  6.03° 26.80° 202.65°  531.53® 0.65"™
PM; 15.33%  626™ 5391 15575  7.23° 17.89°  6.65° 24.54° 190.61°  596.12° 0.68"
PM; 13.97° 729" 14.16°  62.75° 5.85% 12.57° 938 21.95° 129.09°  532.84%® 0.62°
PM, 19.17° 9° 36.08°  166.58"  11.91° 1828  4.22° 22.51° 177.35°  507.93° 0.57¢
R. kandavanicus
PM, 1373 8.68° 1533  39.50° 3.15° 20.23* 6.32° 26.55° 215.93*  486.95° 0.64°
PM; 16.99°  10.78"  9.91° 49.33° 5.98° 15.94°  4.19° 20.14° 159.51° 627.26" 0.73°
PM;, 22.15° 993" 3508 187.16°  15.80° 17.42°  3.61° 21.03b 192.20° 555.79" 0.65°
R. pulcher
PA;, 1654  6.52° 7391  207.50° 1520°  20.63*  4.92° 25.55° 221.18°  447.93° 0.61°
PAy, 16.54°  6.86° 4225 203.83" 12.07° 17.34° 5,08 22.43° 219.93* 373.84° 0.36°
R. crispus
PA; 14.89°  4.40°  50.33*  147.33* 855" 20.49*  6.41° 26.91° 24444 627.59° 0.72°
PAy, 21.60° 828 2050  63.41° 9.52° 17.25° 373" 20.98° 181.46° 944.93* 0.72°
R. tuberosus
PM; 7.41° 456" 11.83°  11.66° 1.15° 1828  4.67° 22.95° 170.08"  370.89° 0.48°
PM, 9.04° 3.94*  26.50°  25.66° 3.01° 16.11°  4.08 20.20° 148.17° 325.98° 0.49*

Al e 0 O Jlisl mlaw ;o ()l g Dglds S yiie By S Plas b sle .Sl g 2 50

Car «(b Jsg,l5 +a Lsg,ls) Chla + ChLb «(b Ls3,,l5) Chlb (@ Lss,l5) Chla (i 539 DW (5 39 FW «@g j0 Sy slaws) NL (S (6,) LW (S, Jsb)LL

In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
LL (Leaf length) LW (Leaf widthy NL(Number of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chl.b (Chlorophyll

b), Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).

(Sl 25T) ANt ((a555,15)



v S i B ey slauren (SU5 E95 (Su5eled e bl oK g S5y Ll AYY

A )ie 50 S AgS mhy (Sgletiee Dlho ke anglie O Joox
Table 5. Mean comparison of morphological traits of five species of Rumex in the farm.

Traits R. chalepensis R. kandavanicus R. pulcher R. cispus R. tuberosus
LL 15.79° 17.63% 17.04% 18.25° 8.23°
LW 7.45° 9.80° 6.69" 6.34¢ 4259
NL 25.82° 20.11° 73.08" 35.42° 19.17¢
FW 93.30° 92° 205.67° 105.38° 18.67°
DW 17.51% 17.87° 18.99° 18.87° 17.19¢
Chl.a 6.22° 4.71% 5° 5.07° 437°
Chlb 23.74° 22.58° 23.99° 23.95° 21.57°
Chlt 165.72° 189.22° 220.56 212.95° 159.13°
Phenol 532.58° 556.67° 410.89° 786.26° 348.44¢
Anti 0.64° 0.67° 0.4916° 0.72° 0.4933°

a5 003 8 Jlozl mhaw )3 (6] (pe Dol S i B> S Plax b sla oSl g 2 )0
Car «(b Jsg,l5 +a Lsy,ls) Chla + ChLb «(b Ls,,l5) Chlb (@ Lss,l5) Chla (i 539 DW (5 039 FW «@g 0 Sy slaws) NL (S (o,) LW (S, Jsb)LL
(ST 5T ANt (a555,15)
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
LL (Leaf length) LW (Leaf widthy NLNumber of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chlb (Chlorophyll
b), Chl.a + ChLb (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).

Table 6. Mean comparison of morphological and phytochemical traits of 14 populations of five species of Rumex in
the greenhouse.

Populations LL LW NL FW DW Chla ChlLb Chl.t Car Phenol Anti
R. chalepensis
PM, 15.10° 6.57" 24.25° 20.25° 3.63% 18.72%® 4.08" 22.81° 170.64° 521.36° 0.57*
PM, 11.80% 6.94° 21.25° 39.75° 4317 18.04° 3.88° 21.93° 170.79° 492.67° 0.55%
PM; 11.83% 9.24° 8.25" 10.50° 0.84° 21.65° 4.79° 26.38° 209.25° 543.99° 0.59°
PM8 13.12%® 6.94° 8.75" 18° 1.63% 18.82%® 4,08 22.91° 191.07° 504.64° 0.53%
PM, 9.97° 6.75" 6.50 14.75° 1.74% 20.48% 4.21° 24.70° 213.09° 736.75° 0.48"
R. kandavanicus
PM, 12.86" 7.55° 11.25% 2025 1.69° 21.50° 418 25.68°  213.03° 566.18° 0.56"
PM, 16.23° 9.67° 7.75° 24° 1.580° 16.61° 3.50°  20.11° 159.33*  383.68" 0.62°
PM,, 13.50° 5.9° 15.75° 22.25° 237° 21.18° 435" 25.54° 213.98° 575.46" 0.55°
R. pulcher
PA, 10.02° 6.4 25.75° 12.82° 3.67° 18.18° 3.48°  21.66° 168.71° 45744 0.48°
PAp 11.83° 6.73° 43.75° 41.75° 4.10° 18.51° 5.04° 23.55° 186.15°  344.33° 0.49°
R. crispus
PAs; 12.73 6.63° 45.25° 59.25° 5.08° 17.50° 3.66°  21.16° 172.59* 536.1° 0.62°
PAy4 20.78° 7.35° 7.50° 31.25° 3.38° 18.89° 3.82° 22710 172.22° 625.1° 0.63°
R. tuberosus
PM; 5.94° 3.82° 12.50° 16.08° 1.97° 14.44° 4.89° 18.78° 140.59°  276.15° 0.36"
PM; 7.68° 4.92° 13.50° 20.34° 2.53° 13.90° 5.40° 19.06° 152.40°  282.57° 0.39°

W5l 2,0 0 Jleisl e j0 (g)ls pme gl S i B SO Blas L gla ke gt o 40
Car «(b Js,l5 +a Lsg,ls) Chla + ChLb «(b Ls,,l5) Chlb (@ Lss,l5) Chla (i 539 DW (5 539 FW «@g j0 Sy slaws) NL (S (o,6) LW (S, Jsb)LL
(S5 ANt (a555,15)
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
LL (Leaf length) LW Leaf widthy NLNumber of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chl.b (Chlorophyll
b), Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).
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Table 7. Mean comparison of morphological traits of five species of studied Rumex in the farm.

Traits R. chalepensis R. kandavanicus R. pulcher R. cispus R. tuberosus
LL 12.36° 14.20° 10.92° 16.75° 6.81°
LW 6.54° 6.63* 4.05° 451° 2.88¢
NL 13.80° 13.58° 34.759° 26.37° 13.45¢
FW 20.65° 22.16° 27.285° 45.25° 19.71°
DW 2.43% 1.95¢ 3.89%® 423 2.25%
Chla 19.54° 19.76" 18.34° 18.19° 14.17°

Chlb 421" 4.01° 426" 3.74° 5.15°
ChlLt 23.74° 23.77° 22.60% 21.94% 18.92°
Car 192.75° 195.45° 177.43%® 172.40® 146.50b

Phenol 559.88° 508.44° 400.89° 580.62° 279.36°
Anti 0.54% 0.58" 0.49° 0.62° 0.37°

W5l 2 )0 0 Jleisl e j0 (g)ls pme gl S i B SO Blas L gla ke g o 40
Car «(b Jsg,l5 +a Lsy,ls) Chla + ChLb «(b Ls3,,l5) Chlb (@ L3s,l5) Chla (i 539 DW (5 39 FW «(@g 0 Sy slaws) NL (S (o,) LW (S, Jsb)LL
(Gl 25T ANt ((aS535,15)
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
LL (Leaf length) LW (Leaf width) NL(Number of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chlb
(Chlorophyll b), Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).
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Table 8. Pearson's simple correlation between morphological and phytochemical traits of 14 populations of five
species of Rumex in the farm.

Traits LL LW NL FW DW Chl.a Chlb Chl.t Car Phenol  Anti
LL 1
LW 0.669** 1
NL 0.234%* -0.18%%* 1
FW 0.485%* 0.129 0.832%* 1
DW 0.564%* 0.244* 0.537%* 0.75%* 1
Chl.a 0.020 -0.063 0.20%* 0.139 0.026 1
Chl.b -0.210%* -0.174* 0.011 -0.034 -0.137 -0.052 1
Chl.t -0.093 -0.146 0.181* 0.103 -0.044 0.85%* 0.48** 1
Car 0.16* -0.016 0.522%*%  0.454**  0.329**  (0.468** 0.079 0.451* 1
Phenol 0.455%* 0.285%* -.149%* -0.003 0.165 -0.017 -0.011 -0.020 0.035 1
Anti 0.248** 0.23** -0.28%* -0.135 0.073 0.089 0.091 0.125 -0.052  0.58** 1

Sl sire Dglds 955 5 a0 ) 90 Jlaiml mhaw (o Iy s Sglis oS 5 4 ms g 0
Car «(b J.8s,5 +a Jsg,5) Chl.a + Chlb «(b L3,,15) Chlb «@ J.35,15) Chla (Sis 539 DW (5 039 FW (@ j0 Sy slaw) NL (S p o,0) LW (S Jsb)LL
(ol 5Ty Anti ((a5535,15)
** * ns: Significantly difference at 5 and 1% of probability levels, and non-significantly difference, respectively.
LL (Leaf length) LW (Leaf width) NLMNumber of leaves per plant) . FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), Chl.b (Chlorophyll
b), Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).
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Table 9. Pearson's simple correlation between morphological and phytochemical traits of 14 populations of five
species of Rumex in the greenhouse.

Traits LL LW NL FW DW Chl.a Chl.b Chl.t Car Phenol  Anti
LL 1

LW 0.632%* 1

NL 0.028%*  -0.201** 1

FW 0.273%* 0.002 0.631%* 1

DW 0.173%%* -0.034 0.553*%%  (.668** 1

Chl.a 0.278* 0.391%** -0.148 0.070 0.012 1

Chl.b -0.251 -0.285* 0.079 0.058 -0.041  0.399** 1

Chlt 0.183 0.256 -0.141 -0.068 -0.016 0.94%%* 0.628%%* 1

Car 0.162 0.327* -0.125 -0.047 -0.107  0.728**  (0.433**  (.779** 1

Phenol 0.312* 0.316* -0.167 -0.105 -0.091  0.376** -0.244 0.267* 0.322%* 1

Anti 0.55% 0.409%** 0.022 0.124 0.060  0.361%** -0.232 0.239 0.141 0.377* 1

Car (b Jsg,l5 +a L3y 1) Chla + Chlb «(b J34,05) Chlb «a Lss,l) Chla (Kes (459 DW (5 039 FW (wig 0 Sy olaw) NL (S (2,0) LW (S, Jsb) LL

(Sl 5Ty ANt ((a5535,15)
LL (Leaf length), LW (Leaf width), NL(Number of leaves per plant), FW (Fresh weight), DW (Dry weight), Chl.a (Chlorophyl a), ChlL.b (Chlorophyll
b), Chl.a + Chl.b (Chlorophyll a+ Chlorophyll b), Car (Carotenoid), Anti (Antioxidant).
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