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Salt tolerance evaluation of different Amaranthus cruentus
germplasms at germination stage

ZHU Yihan, ZHANG lJingjing, LIU Mingxi, LIU Ningfang, HU Longxing, XU Qian”
(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In order to evaluate the salt tolerance of Amaranthus cruentus germplasms from different geographical sources,
compare their differences in salt tolerance, and breed new salt-tolerant A. cruentus varieties, 18 A. cruentus germplasm
resources were germinated under 250 mmol/L NaCl solution and sterilized distilled water in this study. The indicators of
germination and growth, such as relative germination potential, relative germination rate, relative root length, relative bud
length, relative germination index and relative vigor index were collected in the experiments, and the membership
function and cluster analysis were used to evaluate the salt tolerance. The results indicated that bud and root lengths of all
tested materials were inhibited with more the inhibition in roots. The inhibition on seed germination and seedling growth
under salt stress showed significant diffence. The membership function and clustering results showed the studied 18 A.
cruentus germplasm resources could be divided into three groups: 8 germplasms with strong salt tolerance, Ace613,
Ace660, Ace568, Ace655, Ace641, Ace659, Ace643 and Ace649, 7 germplasms with moderate salt tolerance, Ace647,
Ace621, Ace656, Ace671, Ace631, Ace62 and Ace650 and 3 germplasms with weak salt tolerance, Ace651, Ace617 and
Ace575.
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Table 1 Basic information for the 18 Amaranthus cruentus
germplasm resources
5 BiIdHTS FEYATR
Ace568 Ames 15192 Vano
Ace575 Ames 18017 Bato Latte
Ace613 Ames 2219 RRC 1018
Ace617 Ames 24066 Ames 24066
Ace621 Ames 30927 206 D
Ace628 Ames 5300 RRC 649
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HREL S575RF
BEL S805E
BR L
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Ace631 Ames 5318 RRC 536 TR

Ace641 Ames5542 RRC 817 BRRRL BEVEEF
Ace643 Ames 5549 RRC 824 BRRRL BRVEEF
Ace647 Ames 5553 RRC 828 TR SRPEEF
Ace649 Ames5590 RRC 1026  HFAEL APEHE
Ace650 Ames5595 RRC 1031 TR APEHE
Ace651 Ames5597 RRC 1033  HFAEL H&p5sr
Ace655 Ames5621 RRC1015  HFAEL B&p5Er
Ace656 Ames5622 RRC1016  BFAIEL S&p5E
Ace659 Ames5627 RRC1021  BFAEL A8PEEf
Ace660 Ames5636 RRC 1137  BFAEL A8PEEF

Ace671 Ames 5694 Taiwan TR EEEJEVE I
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Table 2 The germination potential and germination rates of 18 Amaranthus cruentus germplasms %
B s
R AHX A 2 AT 2
CK NaCl e CK NaCl iyt

Ace568 (90.0#5.00)abc  (63.335.77)ab* (70.446.42)ab (90.045.00)abc  (65.045.00)ab* (72.245.56)ab
Ace575  (98.3%2.89)a (16.7410.41)efgh*  (16.9210.58)def (98.3%2.89)a (16.7+10.41)efgh*  (16.9+10.58)efg
Ace613  (98.3+2.89)a (81.7+10.41)a (83.1+10.58)a (98.3%2.89)a (83.347.64)a* (84.747.77)a
Ace617 (95.045.00)ab (5.045.00)h* (5.345.26)f (95.045.00)ab (5.025.00)h* (5.335.26)g
Ace621 (88.315.77)abc  (38.3+16.07)bcdef*  (43.4+18.20)bcde (88.345.77)abc  (38.3+16.07)cdef*  (43.4+18.20)bcde
Ace628 (83.3#7.64)bcd  (11.7+12.58)gh* (14.0+15.10)ef (83.3#7.64)bcd  (11.7#12.58)gh* (14.0+15.10)fg
Ace631 (88.345.77)abc  (15.025.00)fgh* (17.045.66)def (88.315.77)abc  (15.045.00)fgh* (17.045.66)efg
Ace64l (91.7#10.41)abc (41.7425.17)bcde*  (45.5427.45)bcd (91.7H10.41)abc  (41.7425.17)bcde*  (45.5227.45)bcde
Ace643  (83.3%2.89)bcd  (35.0+17.32)cdefg*  (42.0420.78)bcde (85.045.00)bcd  (35.0#17.32)cdefg*  (41.2420.38)cdef
Ace647 (80.045.00)cde (18.3#+15.28)efgh*  (22.9+19.09)cdef (80.045.00)cde  (18.3+15.28)efgh*  (22.94+19.09)cdefgy
Ace649 (93.3#2.89)ab  (45.048.66)bcd* (48.249.28)bc (93.3+2.89)ab (45.048.66)bcd* (48.249.28)bcd
Ace650 (95.045.00)ab  (23.3+10.41)cdefgh* (24.6+10.96)cdef (95.045.00)ab (23.3+10.41)cdefgh* (24.6+10.96)cdefg
Ace651 (93.345.77)ab  (20.0+18.03)defgh* (21.4+19.32)cdef (93.345.77)ab (20.0+18.03)defgh*  (21.4+19.32)cdefg
Ace655 (95.045.00)ab  (46.742.89)bc* (49.143.04)bc (95.045.00)ab (46.742.89)bc* (49.143.04)bc
Ace656 (75.0#15.00)de (15.0+13.23)fgh* (20.0+17.64)cdef (75.0+15.00)de  (15.0+13.23)fgh* (20.0+17.64)defg
Ace659 (68.347.64)e (33.345.77)cdefg*  (48.848.45)bc (68.317.64)e (33.345.77)cdefg*  (48.848.45)bcd
Ace660 (98.3%2.89)a (83.347.64)a (84.747.77)a (98.3+2.89)a (83.347.64)a* (84.7H.77)a
Ace671 (95.040.00)ab  (28.3+16.07)cdefgh* (29.8+16.92)cdef (95.040.00)ab (30.0+13.23)cdefgh* (31.6+13.93)cdefg

[RISAN )G B oR AN [ USR] ) 22 57 A G827 78 (P < 0.05);

<R FR IR CK FIAL IR A Y 22 AT Geit4 3 X (P < 0.05).
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Table 3 The root and bud lengths of 18 Amaranthus cruentus germplasms

A /mm ZERK/mm
o AHXT AR /% AR ZE 1%
CK NaCl Jiijif1 CK NaCl il

Ace568  (63.4%2.26)bcde  (19.040.29)f*  (30.020.46)h (21.940.74)ab (19.540.14)a* (89.120.65)abcd
Ace575  (62.4+1.10)cdef  (11.643.86)g*  (18.526.19)i (19.0+1.64)ef (10.242.52)f* (53.5+13.23)g
Ace613  (72.6+1.76)a (27.840.67)bc*  (38.340.92)efg (20.940.88)bc (20.040.36)a (95.6+1.72)a
Ace6l7  (58.443.36)ef (19.140.86)f* (32.6+1.47)gh (17.640.65)gh (16.540.51)cd (93.942.89)ab
Ace621  (61.442.64)def  (19.5%2.30)ef*  (31.643.75)h (16.740.13)h (14.01.92)e (83.611.50)bcdef
Ace628  (63.623.13)bcde  (29.1+1.44)ab*  (45.842.27)bcd (17.540.75)gh (15.940.74)de (91.2+4.21)abc
Ace631  (60.743.05)def  (32.2#1.65)a*  (53.042.72)a (19.320.81)def (17.040.22)bcd*  (88.2:1.18)abcde
Ace64l  (67.242.36)bc (29.7#1.76)ab*  (44.342.61)cde (18.640.34)fg (17.140.54)bcd*  (92.042.91)ahc
Ace643 (60.740.82)def (28.1+1.68)bc*  (46.342.77)bc (19.540.32)cdef (18.140.28)abc* (92.7+1.46)abc
Ace647  (58.4+1.34)ef (30.941.45)ab*  (53.042.48)a (20.240.12)cde (18.240.86)abc*  (90.44.29)abcd
Ace649 (58.140.92)f (23.340.31)de*  (40.140.53)def (20.629.28)bcd (16.520.47)cd* (80.0+2.28)def
Ace650  (60.322.77)def  (20.440.93)ef*  (33.8+1.55)gh (19.420.44)def (17.040.41)bcd*  (87.4242.11)abcde
Ace651  (59.245.14)ef (8.441.21)g* (14.222.04)i (19.140.73)ef (16.340.93)cd* (85.444.89)abcde
Ace655  (61.544.72)def  (31.540.84)ab*  (51.241.37)ab (19.840.93)cdef  (17.940.09)abcd*  (90.340.43)abcd
Ace656 (58.6+1.88)ef (24.743.44)cd*  (42.245.88)cde (20.040.10)cdef (18.1+1.60)abc (90.748.04)abc
Ace659  (57.7+L.5)1f (20.120.69)ef*  (34.9+1.20)fgh (23.140.34)a (18.120.18)abc*  (78.240.78)ef
Ace660  (64.8+1.81)bcd  (21.040.52)def*  (32.340.80)gh (23.140.24)a (19.140.39)ab* (82.41.71)cdef
Ace671  (68.740.79)ab  (28.442.24)abc*  (41.343.26)cde (23.040.16)a (17.040.72)bcd*  (73.843.12)f

[EISIAR)/ING - EE s AR RS ) B9 22 57 A G 1223 (P < 0.05);

2.3 NaCl Bt I8 A&MF L FEHFENIEL

A

< TR [ —F 5 CK FIALER Ry 25 A Gii 2478 (P < 0.05).
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DIk, Ace660 FEMGAIR/(44.4%). Ehia x5
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FRRHE TR B RAR, 535100 2.4%F1 1.7%.
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Table 4 The germination and vigor indices of 18 Amaranthus cruentus germplasms
REFEE CWAE R
R AR 26 EU% ARG 146 50%
CK NaCl fi#ift CK NaCl [l

Ace568  (14.1+1.27)ef (6.140.25)b* (43.0+1.81)abc  (1205.4+136.54)bcdef (233.910.19)bc*  (19.440.82)abc
Ace575 (16.5+1.73)abcde  (1.440.85)def* (8.645.13)fg (1340.7+4109.84)bcd (33.0421.88)f* (2.5.62)fg
Ace613  (18.5+1.32)a (8.3+.33)a* (44.847.21)ab (1728.6+107.04)a (396.5465.90)a* (22.943.81)ab
Ace6l17 (17.5+2.00)ab (0.420.52)f* (2.422.97)g (1334.64208.33)bcd (22.7H19.73)f* (1.74.48)g
Ace621  (13.7+1.03)ef (3.4+1.28)cde*  (25.049.39)def (1072.24+114.44)ef (117.8455.02)def*  (11.045.17)cdefg
Ace628  (13.2+1.76)f (1.141.18)ef* (8.048.97)fg (1065.34123.07)ef (70.2444.34)ef* (6.644.17)efg
Ace631  (13.9H.78)ef (1.320.25)ef* (9.2+1.83)fg (1106.4+105.46)def (63.1+14.44)ef* (5.7+1.35)efg
Ace64l  (15.0#L.73)bcdef  (3.92.76)c* (25.9418.37)cdef  (1285.3#129.39)bcde  (180.0#124.69)cd* (14.049.72)bcde
Ace643  (14.540.69)cdef (3.1+.90)cde*  (21.4#13.11)def  (1164.0258.70)cdef (145.7490.91)cde*  (12.5%7.83)cdef
Ace647  (7.820.69)g (1.44.23)def* (18.1+15.65)efg (615.6463.17)g (68.4458.68)ef*  (11.149.53)cdefg
Ace649  (13.1+1.00)f (3.8+1.30)cd* (29.049.84)bcde  (1033.8487.60)f (151.9454.36)cde*  (14.745.27)bcde
Ace650 (17.2#1.26)abcd  (1.840.62)cdef*  (10.523.59)efgy (1368.0+106.98)bc (67.5423.52)ef* (4.91.72)efgy
Ace651  (15.5#2.65)bcdef  (1.6#1.49)cdef*  (10.629.61)efgy (1204.14120.25)bcef ~ (60.6+15.27)ef* (5.041.27)efg
Ace655  (17.3#0.91)abc (4.020.29)c* (23.141.67)def (1404.6437.39)b (197.8416.35)cd*  (14.1#1.12)bcde
Ace656  (8.2#H.77)g (1.4+1.36)def* (17.6+16.52)efg (643.5+124.46)g (57.8449.03)ef* (9.047.62)defg
Ace659  (8.4%2.17)g (3.2240.34)cde*  (37.743.95)bcd (679.4+184.40)g (121.1#14.66)def* (17.822.21)abcd
Ace660  (14.2+1.40)def (7.920.92)ab* (55.946.46)a (1252.14153.51)bcdef (317.7235.61)ab*  (25.442.83)a
Ace671  (14.3+1.53)def (2.8+1.40)cdef*  (19.549.73)efg (1313.3#31.74)bcd  (129.2369.51)cdef*  (9.8+5.29)cdefg

ISR NG FHEFIR AR R RN 22 A e 1 (P < 0.05); «
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Fig.1 The relative salt damage rates of 18 Amaranthus cruentus
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Table 5 Correlation coefficients of each index relative values

RUNIEER AR - - R — - -
AHXS 2 25 3 HART R 2R AHRTAR K LEROES RS AR K 2L AHXHE J1HR 5L
AR K 2 H 1.000%**
AR -0.029 -0.032
IR N 0.134 0.131 0.495*
AR R R EL 0.964** 0.963** -0.027 0.075
AR J4a %L 0.957** 0.956** 0.140 0.202 0.979**
AT R 2 ~1.000%* ~1.000** 0.032 -0.131 —0.963** —0.956%*

s ok N BRI JeE B35 (P < 0.05) . B (P < 0.01).

26 TREEBEZBAMTFHLPHOMHEMLES

N

XPAEXS A 238 AR R 2R ARG | AR
ZER L M R R ORI X TS 1R 8L 6 R T
ZEA T AT AL, IS ARG SR bR O A E
0.093 ~ 0.882(F 6), H:A Ace613 Ay JE pRECTF-
B, FRBIX 0o i+ BB 1 Feoik ;. Ace575
HISR @ PRECT- B/, R R A it 5 58
FHXTAE55 . FH DPS X BT A 4 R K T R BCT- Y i
TTRERET, SR 28R, 18 (B4 F

BBt IE R LA o 3 KK 8y b MEsm p Ak
Ace613 ., Ace660 ., Ace568 ., Ace655, Ace641 . Ace659 .,
Aceb643 I Ace649; 7 it M Hh A5 I B R
Ace647 ., Ace621 ., Ace656. Ace671, Ace631, Ace628
Fl Ace650; 3 {3 £h 455 (M BER Ace651 .
Ace617 F1 Ace575. Ace613. Ace660, Ace568 .
Ace655,Aceb41 ., Ace659 . Aceb43 , Ace649., Aceb47
Ace621 . Ace656 . Ace671,Ace631,Ace628 . Ace650 .,
Ace651., Ace617. Ace575 M ERMEAR IR K .

#* 6 NaCl B TARIEFERZBAMFZEMNE KBTI RERBE

Table 6 Subordination values of relative values of growth indices of different genotypes of Amaranthus cruentus seeds under NaCl stress

FERE AR MR RZER VEROEISS X A RZFIRE XGRS REREeraE HUE
Ace613 0.979 1.000 0.622 1.000 0.793 0.897 0.882 1
Ace660 1.000 1.000 0.468 0.686 1.000 1.000 0.859 2
Ace568 0.819 0.842 0.407 0.845 0.760 0.748 0.737 3
Ace655 0.552 0.552 0.954 0.874 0.388 0.524 0.640 4
Ace641 0.506 0.506 0.775 0.913 0.440 0.521 0.610 5
Ace659 0.548 0.548 0.533 0.587 0.661 0.681 0.593 6
Ace643 0.462 0.452 0.827 0.931 0.356 0.459 0.581 7
Ace649 0.540 0.540 0.666 0.630 0.497 0.550 0.571 8
Ace647 0.222 0.222 1.000 0.875 0.294 0.398 0.502 9
Ace621 0.480 0.480 0.450 0.714 0.422 0.394 0.490 10
Ace656 0.185 0.185 0.720 0.883 0.284 0.309 0.428 11
Ace671 0.309 0.331 0.698 0.482 0.320 0.344 0.414 12
Ace631 0.147 0.147 1.000 0.823 0.128 0.171 0.403 13
Ace628 0.110 0.110 0.813 0.894 0.105 0.207 0.373 14
Ace650 0.243 0.243 0.505 0.805 0.153 0.138 0.348 15
Ace651 0.203 0.203 0.000 0.757 0.153 0.141 0.243 16
Ace617 0.000 0.000 0.475 0.960 0.000 0.000 0.239 17
Ace575 0.147 0.147 0.113 0.000 0.116 0.034 0.093 18
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Fig.2 Systematic cluster analysis result on salt tolerance of

18 different genotypes of Amaranthus cruentus
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