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17— Fig. 1: Dendrogram for cluster analysis for 110

citrus genotypes based on eight traits related to

cold tolerance under stress temperature of -

3°C. The number of accessions is shown in
Table 1
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Fig. 2: Dendrogram for cluster analysis for 110
citrus genotypes based on eight traits related to
cold tolerance under stress temperature of -
6°C. The number of accessions is shown in
Table 1
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Table 1: Plant materials used in the present study

soges pb ode ol ges oS eyes pb oo el gos oS
Common name Scientific name Accessioncode Common name Scientific name Accessioncode

Thomson navel orange Jsb ygmmels C. sinensis (L.) Osbeck G93 Unknown el Citrus spp G1-G75
Siavaraz 2 Y 5yobew C. sinensis (L.) Osbeck G94 Citron 9 C. medica (L.) Osbeck G76
Moallemkoh 055 wlse C. sinensis (L.) Osbeck G95 Eureka lemon 55, gl C. limon (L.) Burm. f. G77
Satsuma mandarin PoA C. unshiu Marcovitch G96 Pummelo slogy C. grandis (L.) Osbeck G78
Page mandarin == Minneola tangelo x C. clementina G97 Unknown Lasials Citrus spp G79
Khorram pyes C. reticulata x C. sinensis G98 Cleopatra 15l g2ls” C. reshni Tanaka G80
Valencia orange Lewdly C. sinensis (L.) Osbeck. G99 Dancy mandarin e C. reticulata Blanco G81l
Jahangir Sl C. reticulata x C. sinensis G100 Siavaraz 1 AISgY VoW C. sinensis (L.) Osbeck G82
Noshin Oy C. reticulata x C. sinensis G101 Chinotto Slade> i)l . myrtifolia (L.) Rafinesque G83
Okitsu Py C. unshiu Marcovitch G102 Sanguine 5l C. sinensis (L.) Osbeck G84
Trifoliate orange Spavg)b Poncirus trifoliate (L.) Rafinesque G103 Shelmahaleh Al | C. reticulate Blanco G85
Shahin ool C. reticulata x C. sinensis G104 Sour orange =, C. aurantium L. G86
Marisol clementine Jsmasslo C. clementina Tanaka G105 Sweet lime Ot isgasd C. limettioides Tanaka G87
Citrumelo slog yipw C. paradisi x P. trifoliata G106 Clementine Oeslels C. reticulata Blanco G88
Yashar Slak (C. paradisi x C. reticulata) x C. changsha G107 Sanguinella MKl C. sinensis (L.) Osbeck G89
Persian lime oY oy C. latifolia (Yu. Tanaka) Tanaka G108 Duncan grapefruit KIPYCTL 4 C. paradise Macfadyen G90
Mexican lime Y oS5 C. aurantifolia (Christm.) Swingle G109 Marsh grapefruit Sy ¥ S C. paradise Macfadyen G91
Off type sour orange eebdl b C. aurantium L. G110 Gross sanguine eles g, C. sinensis (L.) Osbeck G92
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Table 2: Analysis of variance for eight traits related to cold tolerance based on split-plot design as CRD

Sl pe (1 Klo i
Mean of squares @bl az o Oy e
APX (enzymatic SOD (enzymatic TC (mg/ g leaf o LP (ug/g leaf PC (mg/g leaf o df S.0.V
unit/ g fresh leaf) unit/ g fresh leaf) fresh weight) AC (%) fresh weight) fresh weight) WS (rank) EL (%)
80.033™* 7744267 2570.54™* 956.722** 70.638™* 991.80%* 110.17** 207087.29** 1 Lo
Temperature
3.971 31.821 55.87 47.50 0.637 26.3398 0.025 8.25 4 @A) kot ol
Main-plot error (A)
0.055™* 14.069%* 42.244% 296.58"* 1.803%* 114.793%* 3.125% 845.09%* 109 T
Genotype
ey x Les blae 31
0.007 7.799* 1.968% 1.209% 0.074% 1.525% 0.154% 152.09% 109 risx Lo Sl S
Temperature x Genotype
0.014 2.438 0.024 0.011 0.002 0.021 0.008 0.175 436 B) 2% oLzl
Sub-plot error (B)
2.76 2.66 37 0.24 2.84 0.69 4.05 1.09 Sl iy 20y

Coefficient of Variation (%)

(TC) S slacluaumg S (AC) Ls;l..\,,wﬂs';ﬂ Cad )b «(PC) dgp Slgioms (LP) baad yamwlannSTy (WS) S u’fu\il’fgi (BL) S coiis jlo gxe pac s (P<0.01) vo )0 G mhaws (ol Jxo st

**: Significant at 0.01 level (P<0.01). ns: Non- significant. Electrolyte leakage (EL), Water soaking (WS), Proline content (PC), Lipid peroxidation (LP), Antioxidant capacity (AC), Total Carbohydrates

(TC), Superoxide dismutase activity (SOD), Ascorbate peroxidase activity (APX)
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Table 3: Phenotypic diversity statistics. Mean values, Standard error (SE), Coefficient of variation (CV %), Minimum value (Min), Maximum value (Max), Mean of tolerant group

(MTGQG) and Mean of susceptible group (MSG) (based on leaf water soaking)

-6°C -3°C >
Temperature
09,5 lawe 09,5 Jlawe %)'bm)b 09,5 lawg: 09,5 lawg %)..bM)Q
95 dawge 09,5 lawgie Sl s ] 95 lawge 095 lawgie Sl il ] i
e lie ) 9 Mean + SE > e ) 5 Mean + SE )
ol 9 Max Min ol 5 Max Min Trait
MSG MTG CV (/) MSG MTG CV (1)
71.42 45.45 93.22 25.82 29.2 55.84+16.29 26.16 15.96 46.15 9.93 40.0 20.41+8.17 (42,9) (S s
Electrolyte leakage (%)
3.49 2.17 4.94 1.06 30.0 2.70+0.81 2.51 1.39 4.16 1.00 34.6 1.88+0.65 (@) Sp FuFel
Water soaking

19.99 2491 30.40 11.35 19.3 22.94+4.42 22.87 27.35 33.15 14.66 17.2 25.39+4.38 (S 5059 55 02 P ske) oelsn S5

Proline content (mg/g FW leaf)

5059 £ 00 £S5 9,5e) o eanlonnSTy,
1.88 1.19 2.85 1.05 36.1 1.47+0.53 2.60 1.76 3.51 1.40 27.3 2.120.58 w”f;.)_ P;”Sfm T o
(S ,.Lipid peroxidation (ug/g FW leaf)
40.09 48.17 67.44 34.90 15.5 44.94+6.97 42.75 50.91 70.40 36.87 15 47.35+7.11 (20,9) Gl 2ud b
Antioxidant capacity (%)
$ 00,5 Jw) sbal ey
38.09 41.13 4574 3397 6.9 39.9242.76 42.07 45.26 4924 37.74 6.5 43.86+2.84 Foi3 07 % Sk e
(S, Total Carbohydrates (mg/g FW leaf)

55.02 55.42 69.95 42.11 4.2 55.26+2.32 62.02 62.18 65.29 52.59 22 62.11+1.38 (S FoesS 5 s"'.‘.}ﬂ a=>lg)

Superoxide dismutase activity

(enzymatic unit/ g FW leaf)

3Ty SlysSnl m il colled

3.90 3.97 427 3.64 23 3.940.09 4.60 4.66 497 437 22 4.6420.10 (S 5039 5 5 o3l 9>l

Ascorbate peroxidase activity
(enzymatic unit/ g FW leaf)

Yo
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Table 4: The members of cluster analysis at -3°C with the mean and deviation from the standardized mean of each group. The number of accessions is shown in Table 1

APX

SOD

. . TC (mg/ g LP (ng/ g PC (mg/g .. c . guac dlasy 09,5 5 j 0 ke
(epzymatlc (epzymatlc leaf fresh AC (%) leaf fresh leaf fresh WS (rank) EL (%) 09,5 sl Number of Sub-
unit/ g fresh unit/ g fresh ight ight ight Trait* Members of cluster umber o ub-group

leaf) leaf) weight) weight) weight) Accessions number
05,5 (nSilee
4.66 62.02 44.63 49.99 1.80 28.46 1.52 16.00 Group mean 1.7.8.12.18.20.21.30.36.39.40
4.64 62.11 43.86 4735 2.12 25.39 1.88 20.41 S oSile AOA142.50.52.53.54 60,6466 N .
Total mean 69,73,82,83,84,85,88,89,92,93
o ot - Sin | o] 94,95,97,98,100,104,105,107
0.292 -0.063 0.269 0372 0.543 0.702 0.541 0.538 oas bt eiles Sl Sl
Deviation from the standardized mean
05,5 (rSilee
4.69 62.38 4530 4325 1.87 25.45 1.76 17.76 Group mean
4.64 62.11 43.86 4735 2.12 25.39 1.88 20.41 U5 onSile 10,13,14.17,19.23.33.46.62.70 B o
Total mean 72,75,79
0.520 0.199 0.505 0.575 0418 0.013 0.18 0323 0850 il (5l 51 Sl
Deviation from the standardized mean
09,5 eSilee
4.57 61.66 40.82 43.19 2.15 20.12 2.16 19.55 Group mean
4.64 62.11 43.86 4735 2.12 25.39 1.88 20.41 U5 opSile 3.6.22.04.25.28.35.44.49.68 > o
Total mean 74,91
-0.606 -0.326 -1.065 -0.583 0.050 -1.202 0.434 -0.104 0850 il (5l 51 Sl
Deviation from the standardized mean
05,5 (Silee
4.55 62.81 45.49 49.12 1.85 25.78 1.54 18.86 Group mean
4.64 62.11 43.86 4735 2.12 25.39 1.88 20.41 U5 onSile 0.26.27.29.3137.55.56.76 - .
Total mean 77,90,101
0.759 0.506 0.572 0.249 0452 0.089 -0.509 -0.188 085l (Sl 51 Sl
Deviation from the standardized mean
05,5 (ySilee
4.85 63.08 43.82 45.87 2.18 25.80 2.43 27.21 Group mean
4.64 62.11 43.86 4735 2.12 25.39 1.88 20.41 e
F oSl 34,78,99 3
Total mean
2.021 0.700 0,013 0207 0.098 0.094 0.837 0.831 0350 Jlailil (5Kl 51 Sl

Deviation from the standardized mean

o] Slad g (SOD) 5B gemns a1 g oo 3l Cdlad ((TC) S slocljoupg S (AC) SlowuST 5T cad o ((PC) gy sl d(LP) oo ygumlannS]y (WS) S S5Ol (EL) Sgo oot s
(APX) jloenSTy &b yeSl

: Electrolyte leakage (EL), Water soaking (WS), Proline content (PC), Lipid peroxidation (LP), Antioxidant capacity (AC), Total Carbohydrates (TC), Superoxide dismutase activity (SOD), Ascorbate
peroxidase activity (APX)

*
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Table 4 continued: The members of cluster analysis at -3 °C with the mean and deviation from the standardized mean of each group. The number of accessions is shown in Table 1

APX SOD

(enzymatic (enzymatic TC (mg/ g C LP (ug/ g PC (mglg WS \ i 05,5 (sl gac dlass 09,5 pyojleds 09,5 o,leds
- - leaf fresh o leaf fresh leaf fresh EL (%) Number of Sub-grou Grou
unit/ g fresh  unit/ g fresh weight) (%) weight) weight) (rank) Trait* Members of cluster : group p
leaf) leaf) Accessions number number
05,5 (el
4.72 63.01 47.52 62.15 1.59 29.47 1.19 13.27 Group mean
4.64 62.11 43.86 47.35 2.12 25.39 1.88 20.41 5
I oSl 32,71,80,81,76,96,102 10 4
Total mean 103,106,110
i ERWRYA KT BN & VO - P
0.805 0.655 1.286 2.081 -0.897 0.931 Loap 0872 Deviation from the standardized
mean
09,5 elee
4.68 60.58 44.39 43.41 1.94 26.31 1.86 16.29 Group mean
4.64 62.11 43.86 47.35 2.12 25.39 1.88 20.41 J5 Sk
Total mean 15 1 5
i VRS RUCI BN & PO - e
0.482 -1.105 0.185 -0.552 -0.312 0210 0020 0503 Deviation from the standardized
mean
09,5 eSlee
4.55 61.84 40.62 39.79 3.23 20.53 2.87 34.010 Group mean
4.64 62.11 43.86 47.35 2.12 25.39 1.88 2041 JS nSilee 24.511.16.38.43.45.47 48
Total mean 51 ,57,58,51%,86 11 ,33,65,67,87 21 6
ERWRY KT BN & VO - P ’
-0.764 -0.195 -1.137 -1.062 1.900 -1.110 1510 1.662 Deviation from the standardized

mean

o] Slad g (SOD) 5B geumns duunSTpgus oo 3l Codlad ((TC) S slocljoupg S (AC) SlowuST 5T cad o ((PC) gy slgizme d(LP) oo (ygumlannSTy (WS) 5 S50l (EL) Sgo oot s
(APX) 5loenS1 s &b, eSul

*: Electrolyte leakage (EL), Water soaking (WS), Proline content (PC), Lipid peroxidation (LP), Antioxidant capacity (AC), Total Carbohydrates (TC), Superoxide dismutase activity (SOD), Ascorbate
peroxidase activity (APX)
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Table 5: The members of cluster analysis at -6 °C with the mean and deviation from the standardized mean of each group. The number of accessions is shown in Table 1

APX - SOD . TC (mg/ g LP (pg/ g PC (mg/g gas ol e 09,5 o leds
(enzymatic (enzymatic AC WS o Cdo 09,5 slacl 05,5 515 %
unit/ g fresh  unit/ g fresh leaf fresh %) leaf fresh leaf fresh (rank) EL (%) Trait* Members of cluster Number of i Group

leaf) leaf) weight) weight) weight) €mbers or cluste Accessions Sub-group number

number
2575 LSile 1,7,8,10,13,14,18,19,26
4.01 55.69 40.71 46.34 1.25 24.45 2.34 48.70 Group mean 27,30,34,36,39,41,42,46
3.94 55.26 39.92 44.94 1.47 22.94 2.70 55.84 J5 ouSilee 50,54,60,62,64,66,69,70 a1 L1
Total mean 71,73,75,76,77,78,79,81
syl e Sl ]| s 82,88,97,98,99,100,101
0.738 0.187 0.287 0204  -0.396 0.343 0436 -0.437 o il (Sl ) S 104
Deviation from the standardized mean 1
09,5 (eSiles
3.86 54.86 41.34 46.64 1.20 25.48 2.37 48.18 Group mean
3.94 55.26 39.92 44.94 147 22.94 2.70 55.84 JS Sile 9,12,17,21,23,29,31,32,33
T 37,40,52,53,55,56,83,84,85 26 2-1
Total mean 89,90,92,93,94,95,105,107
-0.753 -0.169 0516 0244  -0.500 0.573 0394  -0.469 ol (Sl ) Sl
Deviation from the standardized mean
09,5 (eSiles
4.03 56.72 43.49 61.52 1.10 28.35 1.53 33.55 Group mean
3.94 55.26 39.92 44.94 1.47 22.94 2.70 55.84 5
oSl 80,86,96,102,103,106,110 7 2
Total mean
1.033 0.628 1.294 2.376 0.684 1223 1432 -1.367 ol oSl ) Sl
Deviation from the standardized mean
09,5 el
3.89 54.89 37.20 40.78 1.28 18.72 2.88 59.05 Group mean
3.94 55.26 39.92 44.94 1.47 22.94 2.70 55.84 J5 oeSilee 3,6,15,20,22,24,25,28 35 P N
Total mean 38,44,49,68,72,74,91
-0.511 -0.158 0980  -0.594  -0.348 -0.953 0.233 0.197 oo bl Sl ) Sl
Deviation from the standardized mean
09,5 Sl
3.89 54.66 37.35 37.31 2.52 18.00 4.09 85.63 Group mean
3.94 55.26 39.92 44.94 1.47 22.94 2.70 55.84 JS eSile 2,4,5,11,16,43,45,47,48,51
T 57,58,59,61,63,65,67,87, 20 4
Total mean 108.109
-0.48 025 -0.92 -1.09 1.98 111 1.72 1.82 2 il (eSilee S Sl

Deviation from the standardized mean

3] Sl 5 (SOD) ;b gomnss a0 02 31 dlad (TC) S sl joung S (AC) SlowuST 5T i)l ((PC) (g sl (LP) oo (ygumlonaSTy (WS) S S5 0T (EL) Sgo o
(APX)jlopmST &b 9]

*: Electrolyte leakage (EL), Water soaking (WS), Proline content (PC), Lipid peroxidation (LP), Antioxidant capacity (AC), Total Carbohydrates (TC), Superoxide dismutase activity (SOD), Ascorbate
peroxidase activity (APX)
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Table 6: Correlations coefficients between eight traits related to cold tolerance in -3 C° ( bottom of Table diameter ) and -6 C° (above of Table diameter)
APX SOD TC LP PC WS .
(enzymaticunit/ g (enzymatic unit/ (mg/ g leaf AC (%) (ug/ g leaf fresh ~ (mg/g leaf fresh (rank) EL (%)
fresh leaf) g fresh leaf) fresh weight) weight) weight) Trait
0.288 0.175 -0.624™ -0.723" 0.877" -0.646™ 0.976™ 1 (22)) Py e

Electrolyte leakage (%)

. o o o o 5) S Sausol

0.281 0.171 -0.611 -0.722 0.830 -0.629 1 0.767 (45 S SR
Water soaking
0.271" 0.014 0.517" 0.522" 0.541* 1 0.032 0.025 (52 503 05 32 05 s0) Celon slyone
Proline content (mg/g FW leaf)

. - " " - TR TOR SRR 4 (PSRVUNL JRNUU RV 1
-0.165 -0.107 -0.474 -0.571 1 0.625 0.885 0.868 (Sr 50k e 207 ”_i"“‘) ORI
Lipid peroxidation (ug/g FW leaf)

(22,0 SlapsT 6l eod b

0.326™ 0.188" 0.556™ 1 0.659™ 0.498™ -0.48 -0.293 = .
Antioxidant capacity (%)
0.023 0.047 1 0.636™ -0.684 0571 -0.661" -0.576" (Sr 5035 05 % ek J slaclinens S
Total Carbohydrates (mg/g FW leaf)
0.267™ 1 0.155 0.201" 0.136 0.092 -0.107 0.048 (S 5059 055 53 oo 9219) SBgomd Sl g il )8
Superoxide dismutase activity (enzymatic unit/ g FW leaf)
S Foris o5 5 o] 4513) JommS Ty lysSal ol ol
1 0.25 0.387" 0.398™ 0.386" 0.327 -0.328 0.323 (Sr P03 5 5> el 92ly) slaenSly SljsSial ol o Jlad

Ascorbate peroxidase activity (enzymatic unit/ g FW leaf)

(AC) SlowST 5T b )b (PO (ydsp slgis d(LP) o] (guwlonnSTyy (WS) Sy S0y 50T (BL) g otid (P<0.05) duoyo i haws )0 lo gime s (P<0.01) duoys S5 mhans 5o ,lo Jno

**: Significant at 0.01 level (P<0.01). Significant at 0.05 level (P<0.05). Electrolyte leakage (EL), Water soaking (WS), Proline content (PC), Lipid peroxidation (LP), Antioxidant capacity (AC), Total
Carbohydrates (TC), Superoxide dismutase activity (SOD), Ascorbate peroxidase activity (APX)
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Evaluation of Frost Stress Tolerance in Citrus Genotypes under Two Subfreezing
Temperatures

Abouzari!, A., Solouki?, M., Golein®", B., Fakheri*, B. A. and Sabouri®, A.
Abstract

Most of the plants in the citrus family are sensitive to cold stress. Therefore, the inevitable occurrence of periodic frost
causes extensive damage to their functions. With the purpose of comparing 110 citrus genotypes’ reaction to the two
levels of cold stress (-3°C and -6°C), 76 unknown natural genotypes and 34 known genotypes from Ramsar citrus and
sub-tropical fruits research institute were studied based on the split-plot design with three replications. The results of
variance analysis for the eight traits related to cold tolerance showed that there was a significant difference between the
examined accessions. According to cluster analysis, the genotypes in each temperature demonstrated a relatively
different grouping pattern after the employment of Euclidean distance squares and the furthest neighbors’ method. The
highest amount of electrolyte leakage (55.84%), leaf water soaking (2.70) and lipid peroxidation (2.12 pg/g leaf fresh
weight) were estimated at -6°C and recorded at -3°C for other traits. The relationship between the studied panels was
determined by considering the common group and the traits in question. G32 and G71 genotypes were merely found to
be close to the tolerant genotypes. Regarding the negative deviation from the standardized mean for electrolyte leakage
(-1.367), leaf water soaking (-1.423) and lipid peroxidation (-0.684), along with the positive values of other traits
(proline content, antioxidant capacity, total soluble carbohydrates and antioxidant enzymes), genotypes Poncirus,
Citrumelo, off type sour orange, Sour orange, Satsuma mandarin, and Okitsu are of great usage value in cold tolerance
breeding programs.
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