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Evaluation of salt tolerance in 41 pigeon pea varieties during germination
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Abstract: In this study, we identified the salt tolerance of 41 pigeon pea (Cajanus cajan) germplasm varieties during the
germination period. Furthermore, we identified 10 physiological response indicators, including germination rate, germination
index, vigor index, root surface area, and root volume. Principal component, membership-function, and cluster analyses were
used to comprehensively evaluate salt tolerance during the germination period. Concurrently, the superoxide dismutase
(SOD), peroxidase (POD), and catalase (CAT) activities in the seedlings were determined, and the physiological response
mechanisms of different salt-tolerant pigeon pea seedlings under salt stress were analyzed. The results revealed significant
differences in the salt tolerance of 41 pigeon pea germplasm varieties during germination, with relative root length, crown
ratio, germination index, and average diameter being selected as the key indices of germination salt tolerance. Cluster
analysis based on membership-function values divided the 41 pigeon pea germplasm varieties into four categories, namely

highly salt tolerant (1 variety), salt tolerant (10 varieties), intermediate tolerance (23 varieties), and salt-sensitive (7 varieties).
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Ultimately, using pigeon peas that exhibit varying levels of salt tolerance, we reveal that the cytoplasmic membrane

permeability and enzyme viability of high-salt-resistant and salt-resistant varieties generate superior physiological responses

compared to salt-sensitive varieties.

Keywords: pigeon pea; seed germination; salt stress; seedling growth; physiological response; membership function method;

cluster analysis
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Table 1 Basic information of the 41 pigeon pea varieties

s MR RR JE 7= W5 MEARK J 75 5 MELERR JE 7=

Code  Variety Origin Code Variety Origin Code Variety Origin
1 D21007 ¥ F Hainan 15 D21090 P4 Yunnan 29 D21134 | 74 Guangxi
2 D21008 "7 Guangxi 16 D21030 ¥ Hainan 30 D21010 {4 P Hainan
3 D21009 J” P Guangxi 17 D21031  #§PFd Hainan 31 D21135 I~ 78 Guangxi
4 D21128 ] 7% Guangdong 18 D21094  Zifi Burma 32 D21015 L7 Jiangxi
5 D21129 ] 74 Guangxi 19 D21097 ZF4 Yunnan 33 D21014 YLV Jiangxi
6 D21021 "7 Guangxi 20 D21034 ¥ Hainan 34 D21136 {4 P Hainan
7 D21022 &%t Fujian 21 D21035  ### Hainan 35 D21004  #$F4 Hainan
8 D21061 =B Yunnan 22 D21027 ¥ Hainan 36 D21019 ENJE India
9 D21130 ZF Yunnan 23 D21001 ¥ Hainan 37 D21006 /7 Guangxi
10 D21023 7§ Hainan 24 D21098  ¥¥/REL.% EI Salvador 38 D21016 I~ 78 Guangxi
11 D21066 ZF4 Yunnan 25 D21131 373 Hainan 39 D21017  J 74 Guangxi
12 D21024 374 Hainan 26 D21132  z=F3 Yunnan 40 D21119 ¥ Hainan
13 D21080 B4 Yunnan 27 D21133 =B Yunnan 41 D21005 ] 74 Guangxi
14 D21026 {74 Hainan 28 D21002  ##Fd Hainan

%i'5 TIA. The code is applicable for the following tables and figures as well.

L AR K (em)s K (cm)s K/ KL R KT szpj/ Py =123 o
51 (em’)s MR R (em’). R P EZ (mm).
1.3.2 AEFRARRR I E

7 55 5 0V 2 D 06 % 25 0 o, AR e D= |n(X)x Wl j=1.23.m: ®)

FORHE 91 55 10 RIN, BEAT IORE o B A ) B4k " " X At A
(superoxide dismutase, SOD) i 4 % HI NBT Jt it NI (5) MIE T R o H R 3 A (6) NI

B 5 ", it UL (peroxidase, POD) b B B LA, U ROG) Jy 4 45 A S o6 AL
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A1 AT R R b A . I, g 21 BN AR R TR A SAEE KRN

/b B 1] 5 b PR A 1 25 S, & HE AR 35 48 w2 Fr A, B E R, AR SR A 10 T
FESHAE SR HEAT 40 M7 LI H8 b 1) 28 55 R BOAE 0.178~0.790, 6B 41 f3 AK

CEHIAHE = SR L S e, q) TP ER IR 2 M A2 2 5 . ek, AR AR
RATBL AR 1R P BL HIXHAR A AT A
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D= I ) O PR L0 5 2 U 7E 0,500 B 405134 0.790,
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Table 2 Variation in 10 physiological response indices for 41 pigeon pea varieties under salt stress

HIXR & HXAR A HIOAR XA R AR A SRS ARXRE S fa i AR AIXTRK AR MR L

prRss R FHHERA R Relative Relative Relative Relative Relative Relative  Relative

Code  Relativeroot Relative average  Relative  germination — germination vigor root shoot fresh  root-shoot
surface area  root diameter  root volume rate index index length length  weight ratio
1 0.439 1.476 0.600 0.891 0.582 0.310 0.717 0.203 0.533 3.533
2 0.411 2.085 0.800 1.237 1.097 0.249 0.249 0.152 0.228 1.633
3 0.198 2.623 0.519 0.983 0.959 0.226 0.303 0.163 0.236 1.863
4 0.223 1.249 0.327 0.884 0.806 0.257 0.500 0.113 0.319 4422
5 0.466 2.009 0.944 0.784 0.797 0.253 0.188 0.118 0.317 1.590
6 0.150 2.547 0.400 0.833 0915 0.348 0.235 0.211 0.381 1111
7 0.231 1.603 0.400 0.967 0.957 0.256 0.347 0.189 0.268 1.840
8 0.149 1.848 0.316 0.876 0.665 0.218 0.623 0.153 0.327 4.077
9 0.193 2.895 0.600 1.250 0.793 0.323 0.304 0.158 0.407 1.916
10 0.240 1.734 0.402 1.119 1.053 0.336 0.371 0.168 0.319 2.208
11 0.539 1.360 0.706 1.082 1.023 0.438 0.483 0.323 0.429 1.497
12 0.369 1318 0.560 0.982 0.972 0312 0.610 0.232 0.321 2.631
13 0.206 1.325 0.300 0.792 0.755 0.286 0.215 0.173 0.379 1.244
14 0.342 1.157 1.846 1.000 0.884 0.479 0.430 0.285 0.542 1.507
15 0.153 2.007 0.309 0.543 0.387 0.124 0.113 0.223 0.321 0.506
16 0.506 1.735 0.857 0.934 0.841 0.381 0.507 0.168 0.453 3.026
17 0.437 1.177 0.500 0.877 0.885 0.218 0.837 0.388 0.246 2.155
18 0.130 1.843 0.232 0.659 0.709 0.151 0.235 0.128 0.214 1.840
19 0.437 2.178 0.900 0.986 1.208 0.539 0.454 0.241 0.446 1.881
20 0.302 2.443 0.716 0.800 0.778 0.264 0.244 0.152 0.339 1.608
21 0.550 1.511 0.964 0.600 1.031 0.217 0.222 0.041 0.211 5.463
22 0.206 1.689 0.378 0.746 0.582 0.291 0.286 0.114 0.500 2512
23 0.201 1.605 0.333 1.029 0.872 0.245 0.398 0.236 0.281 1.687
24 0.417 2332 0.952 0.750 0.707 0.270 0.371 0.130 0.382 2.855
25 0.193 1.986 0.375 0.838 0.606 0.217 0.209 0.394 0.358 0.531
26 0.274 1.792 0.480 0.938 0.778 0.338 0.707 0.626 0.434 1.129
27 0.126 1.590 0.188 0.825 0.955 0.318 0.202 0.141 0.333 1.427
28 0.321 1.829 0.500 1.014 0.952 0.308 0.411 0.132 0.324 3.110
29 0.273 2422 0.607 0.682 0.635 0.190 0.430 0.187 0.300 2.297
30 0.170 2.056 0.379 0.877 0.683 0.257 0.120 0.281 0.377 0.428
31 0.184 1.777 0.323 1.086 1.086 0.263 0.197 0.175 0.242 1.123
32 0.169 1.419 0.242 0.917 0.827 0.419 0.224 0.375 0.507 0.598
33 0.389 1.224 0.304 0.620 0.686 0.368 0.628 0.577 0.536 1.087
34 1.047 1.762 1.904 0.937 0.614 0.395 1.478 0.333 0.643 4.435
35 0.106 1.952 0.190 0.646 0.752 0.172 0.255 0.073 0.228 3.469
36 0.190 2.070 0.378 1.000 0.923 0.290 0.233 0.216 0.314 1.080
37 0.276 1.812 0.486 0.941 0.834 0.315 0.258 0.382 0.378 0.677
38 0.215 2.400 0.500 0.870 0.718 0.213 0.154 0.195 0.297 0.791
39 0.208 2.526 0.510 0.877 0.686 0.427 0.406 0.457 0.623 0.888
40 0.201 2.324 0.340 0.905 0.962 0.354 0.384 0.142 0.368 2.695
41 1.559 0.715 1.071 1.119 0.795 0.276 0.521 0.186 0.347 2.798
Me?n{vﬁalue 0.327 1.839 0.577 0.895 0.823 0.295 0.392 0.228 0.366 2.028
@E%{%}é& 0.790 0.253 0.645 0.178 0.202 0.293 0.621 0.551 0.293 0.580
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Table 3 Pearson’s correlation coefficients of 10 physiological response indices for 41 pigeon pea varieties under salt stress

FR AR 5 FRHAR 5 FIOHR FDREREFEE MO RCFARE AEXNE RS AR A H A S
MR bR FIEM FYIER HIH Relative Relative Relative Relative  Relative  Relative
Index Relative root  Relative average ~ Relative ~ germination  germination vigor root shoot fresh
surface area  root diameter  root volume rate index index length length  weight
AR AP ER oan”
. . 0.431
Relative average root diameter
S ZAk A "
*Hﬁﬁg‘%ﬁ/‘ 0.660 -0.123
Relative root volume
RS 0.225 0015 0.205
Relative germination rate
SN »
*Eﬁ?i}f?aﬁ o 0.020 -0.063 0.054 0.553
Relative germination index
g N =% * *k *
*E”fm?ﬁﬁ? 0.203 -0.127 0.396 0.407 0.379
Relative vigor index
AR 0.530" 0319’ 0.493” 0.147 -0.122 0313
Relative root length
HRHE i ) : :
Relative shoot length 0.051 0.168 0.015 0.046 0.175 0.397 0.365
SR . 0.231 ~0.085 0.396 0.044 0327 0.730" 0470 0526
Relative fresh weight
MR . 0371 -0.221 0319 0093 0.045 -0.096 0479 -0480 0071
Relative root-shoot ratio
* A= S RIHRTE0.05FI0.0 K E B
* and ** indicate significant correlation at 0.05 and 0.01 level, respectively.
R4 ANERTITER G
Table 4 Principal component analysis coefficients and cumulative contributions of the 10 physiological
response indices used for 41 pigeon pea varieties under salt stress
SR HE 47 FE 53 Principal component
Index I il m v
AR K Relative root length 0.790 —0.155 -0.272 -0.036
HIXI R #4445 Relative root volume 0.738 -0.270 0.010 0.365
FXTHR 22 R M X Relative root surface area 0.718 —0.422 —0.066 —-0.109
AAXHEE E Relative fresh weight 0.704 0.512 -0.258 0.257
FHXTE F7$5 %L Relative vigor index 0.700 0.415 0.392 0.142
FXT P Relative shoot length 0.415 0.736 -0.174 —-0.322
HAXTHRE L Relative root-shoot ratio 0.282 —0.811 -0.183 0.144
FHXT K ZEF5 %1 Relative germination index 0.070 —0.181 0.903 —0.134
AHXT K 2 2R Relative germination rate 0.351 0.024 0.770 -0.010
FAXTHR 2 “F-¥) H 4% Relative average root diameter —-0.423 0.235 0.112 0.795
FFIE{H Special value 3.228 1.998 1.782 1.006
FAATTHRE Cumulative contribution/% 32.276 52.255 70.078 80.140

(2.44%). Tt 32 Y (24.39%) 1 18] B4 (56.10%) F1 5
AL (17.07%). BHE GO, $hHE ) 8 2 F A
Wy Fh T 2 PO TR, AR S B 0.9% B
JHp B AR ST ) R AN B2, X TR T

RGP 7 R 2F i F b, T 80k b e ok H 52 e A B
#, BB MhE ] BEMEIARELE R EK, X—
BF 96 5 R 15 41K 36 94 2 i 363 R A2 0k B A R YYL 0 4T HE
(Astragalus adsurgens) " i T % 2 AHAL o 1 0 () ik
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Table 5 Subordinate function value analysis of 41 pigeon pea varieties under salt stress

K@ B #UE Subordinate function value

e K R FiA & IR A MORAET R | pon
Relative root length  Relative root-shoot ratio Relative germination index Relative average root diameter
1 0.442 0.383 0.237 0.349 0.374 29
2 0.099 0.761 0.864 0.628 0.466 9
3 0.139 0.715 0.697 0.875 0.495
4 0.284 0.207 0.511 0.245 0.306 38
5 0.055 0.769 0.499 0.593 0.372 30
6 0.089 0.864 0.643 0.840 0.481 7
7 0.172 0.720 0.694 0.407 0.413 21
8 0.373 0.275 0.339 0.520 0.380 27
9 0.140 0.705 0.494 1.000 0.480 8
10 0.189 0.646 0.812 0.467 0.442 13
11 0.271 0.788 0.774 0.296 0.460 11
12 0.364 0.562 0.713 0.276 0.446 12
13 0.075 0.838 0.448 0.280 0.318 35
14 0.232 0.786 0.605 0.203 0.391 26
15 0.000 0.985 0.000 0.592 0.289 40
16 0.289 0.484 0.553 0.468 0.409 23
17 0.530 0.657 0.606 0.212 0.501 4
18 0.089 0.720 0.392 0.518 0.342 34
19 0.250 0.711 1.000 0.671 0.558 2
20 0.096 0.766 0.476 0.793 0.425 18
21 0.080 0.000 0.784 0.365 0.259 41
22 0.127 0.586 0.237 0.447 0.292 39
23 0.209 0.750 0.591 0.408 0.415 20
24 0.189 0.518 0.390 0.742 0.397 25
25 0.071 0.980 0.267 0.583 0.368 31
26 0.435 0.861 0.476 0.494 0.527 3
27 0.065 0.802 0.692 0.402 0.379 28
28 0.218 0.467 0.688 0.511 0.410 22
29 0.232 0.629 0.302 0.783 0.426 17
30 0.005 1.000 0.361 0.615 0.368 33
31 0.061 0.862 0.852 0.487 0.435 15
32 0.081 0.966 0.535 0.323 0.368 32
33 0.377 0.869 0.365 0.233 0.429 16
34 1.000 0.204 0.276 0.480 0.620 1
35 0.104 0.396 0.445 0.567 0.314 37
36 0.088 0.871 0.653 0.621 0.438 14
37 0.106 0.951 0.544 0.503 0.415 19
38 0.030 0.928 0.404 0.773 0.407 24
39 0.214 0.909 0.364 0.831 0.488 6
40 0.198 0.550 0.700 0.738 0.464 10
41 0.299 0.529 0.497 0.000 0.314 36
\éiiéﬁht 0.434 0.170 0.190 0.206
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Figure 2 Superoxide dismutase (SOD), peroxisome (POD), and catalase (CAT) activities of the different
salt-tolerant pigeon pea varieties under salt stress

ANTE /NG BRI R — 5 AN [R] 4k B R 22 57 B 3 (P < 0.05).

Different lowercase letters indicate significant differences between different treatments within the same germplasm at the 0.05 level.
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