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Effect of Soda-Alkali Stress on Seed Germination and Seedling Growth of
Pennisetum glaucum

FENG Yu-ting', LUO Li-xuan', XU Qian', LU Rui', HU Long-xing"*
(1. College of Agronomy, Hunan Agricultural University, Changsha, Hunan Province 410128, China;
2. Academician Workstation of Agricultural High-tech Industrial Area of the Yellow River Delta, National Center of Technology Innovation for

Comprehensive Utilization of Saline-Alkali Land, Dongying, Shandong Province 257300, China)

Abstract: To investigate the effects of soda-alkali stress at different concentrations on seed germination and
seedling growth of pearl millet (Pennisetum glaucum), twelve genotypes of pearl millet germplasms were used
as experimental materials. Using the Petri dish filter paper germination method, soda-alkali stress was simu-
lated by preparing mixed solutions of NaHCO3 and Na:COs at a molar ratio of 9: 1, with concentration gradients
of 0, 40, and 60 mmol-1."'. Germination-related parameters, encompassing germination rate, germination
potential, germination index, vigor index, radicle emergence length, and plumule development length, were
measured during the seed imbibition phase. A comprehensive evaluation framework for assessing soda-alkali
stress tolerance was established through fuzzy membership function analysis combined with principal component
clustering methodology. The results demonstrated that soda-alkali stress significantly inhibited seed germina-
tion and seedling growth of pearl millet, with the inhibitory effects intensified as the concentration of soda-alkali
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solution increased. Furthermore, substantial genotypic variation was observed in soda-alkali stress tolerance

during the germination stage among different pearl millet genotypes. Cluster analysis classified the 12 genotypes
into four distinct categories: (1) soda-alkali tolerant type (represented by Call65, accounting for 8.33%) ,
(2) moderately tolerant type (including Ca399, Ca727, Ca396, Ca742, and Ca382, comprising 41.67%) ,
(3) sensitive type (comprising Ca425, Ca481, Ca736, and Cad06, representing 33.33%), and (4) highly sen-
sitive type (consisting of Ca424 and Ca397, accounting for 16. 67 %).
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Table 1 Basic infomation for the 12 Pennisetum glaucum

45 No. Bl F JE 45 Accession J5 7™ b Origin
Ca382 P1 518646 FH USA
Ca396 PI 521624 HJE T Kenya
Ca397 PI1521625 HJEW Kenya
Ca399 PI1521627 1 JeIE Kenya
Cad06 P1521634 HJE W Kenya
Cad24 PI1 521652 i Je . Kenya
Cad25 PI 521654 1 JeIF Kenya
Cad8l P1 526322 HE A Zimbabwe
Ca727 PI1526571 B T3 Zimbabwe
Ca736 PI 526580 H AT F Zimbabwe
Ca742 PI 526586 H A5 Zimbabwe
Call65 P1661416 EEE India

1.3 MEmMBSAE
AR50 W 5 1 48 bR A K SRR IR K
IR ZE A, IR R A 2 B R & 2F 48 8 (Germina-
tion index, G HIFhF3iF 1148 %0 (Vigor index, VD) .
AR AT
& £ #(Germination energy , GE)=(%f 3 K F &
2R R0/ B T80 >} 10000 5
% 23 (Germination rate, GR) = (55 10 K 7 & 2
B/ BERl T80 <1007 5
I,=>(G,/Dys
A LN R R 2R, GOl o Ta] 9 1 K B
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(5 b 320 1 R AR A /% B IR AR 4D X< 10095
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BRI 25 /X B IR 254D XX 10004 5
A X} % 2 48 %L (Relative germination index, RGID) =
(45 4k B B4 25 i /0 IR 2 2 98 50 X 10004 5
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C5 b B2 () 355 7 48 £/ BTG 148 450 <100 % .
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Table 2 Effect of soda-alkali stress on the seed germination of different genotypes of P. glaucum
& 2 # Germination energy/ % & Z2F 3 Germination rate/ %
e[ - SR AT i1 TR ATRA 8 - SR AT i TR ATRA 8
Genotype (,K Soda-alkali stress Soda-alkali stress (,K Soda-alkali stress Soda-alkali stress
(40 mmol-L™H (60 mmol-L™ 1 (40 mmol-L™H (60 mmol-L™ 1
Ca382 70.004 3,337 60.00+ 3,33 42.22+12.62° 76.6743.33A 70.00411.55"4 52.2246.94%
Ca396 60.0023.33"4 25.5647.70°" 15.5647.70"8 75.5641.92"4 41.1145.09" 22.2247.70%C
Ca397 37.784£3.85% 12.2246.94" 8.894-1.92 68.8946.94"A 17.784-10.18" 11.1145.09%"
Ca399 56.670.00* 53.3343.33%* 20.0045.77" 56.670.00* 55.564 1,924 25.5645.09
Cad06 74.4443.85"4 48.89415.038 17.7845.09*¢ 76.67+£6.67"" 64.4449.62"4 24.44+3.854"
Cad24 57.78+13.88%* 12.22412.62" 7.7841.92% 71.11+15.03"* 16.67413.33" 7.7841.92%
Ca425 66.67+£16.67"* 33.334£12.02°8 10.0045.77°% 75.56413.47"4 41.11+12.62" 11.1145.09%¢
Ca481 77.7843.85"4 38.8947.70F 16.6724210.00"4¢ 77.78£3.85"4 51.11+12.62 31.11%£17.11"*
Ca727 86.6743.33 62.22420.37*P 45.56412.62°" 88.8945.07" 72.22413 470 56.67417.32
Ca736 56.67+20.82%% 30.004 1202478 12.2241.92°" 68.89+15.03"* 51.1146.944 27.784+1.92"®
Ca742 76.6743.33"4 41,116,944 23.3343.33"¢ 80.003.33"4 53.3345.77"8 34.4441.92"C
Call65  50.00413.33%A 44 4441.921deAB 28.8948.39" 72.2245.09" 71.11+5.09"4 45.56419.25"4

T« RSV R AN [/ E S R AR [R] — Ak 8 ] AN ) 6 R A8 1] 22 55 J 36 (P<<0. 05) , A AT R0 J5 B9 T R 5 B AR 3R R) — ik (R B AN W) Ak

B A] 2% 5 0 2 (P<<0.05) . Rl

Note: Different lowercase letters following values in the same column indicate significant differences between genotypes under the same treat-

ment (P<<0.05), while different uppercase letters following values in the same row denote significant differences between treatments for the same

genotype (P<C0.05). The same convention applies hereafter
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R 76 J1 it — 2 T Horp Cad06 il Cad 24 By Fl—F 7
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Table 3 Effects of soda-alkali stress on germination index and vigor index of P. glaucum

% 21540 Germination index % J1#6 % Vigor index
e[ - TR ATRA 8 TRATR 8 - FRATI 3 TRATH 8
Genotype (K Soda-alkali stress Soda-alkali stress LK Soda-alkali stress Soda-alkali stress
(40 mmol-L™ 1 (60 mmol-L™ " (40 mmol-L™ 1 (60 mmol-L™ "
Ca382 16.92+1.18" 7.31+1.20"" 4.46+0.47"C 1007.93+85.96 66.48424.83"" 12.7244.25""
Ca396 13.614-0.75"* 12.304-0.64** 4.8140.68"" 447 28+ 67.541 83.334£28.71" 12.1745.708
Ca397 17.4141.90** 11.4341.61*" 7.9242.93" 764.914-153.69"* 32.9443.24%" 14.14411.50™"
Ca399 8.88+1.52¢ 7.3941.33"A8 4.9340.89"" 409.41+63.00 32.9447.09%® 17.62+2.83"
Cad06 8.9442.27¢" 1.9241.35" 1.33240.29" 353.014180.69" 8.3146.50°" 1.8441.04%8
Cad24 6.2040.25%" 1.7440.84 1.3840.33" 293.144-81.47A 6.2044.24" 1.45+0.58"
Cad25 11.24+1.57¢0A 4.97+0.69" 3.44+1.97° 801.73+212.60™" 22.20+3.42%0 4.634 3,258
Cad81 10.964-0.90%* 8.5642.11" 2.80240.708 528.914-86.09b* 46.38+18.68" 3.884-1.25%48
Ca727 14.72+1.59™7 8.93+2.68"" 6.03+1.87" 985.15+267.56"*  114.55+18.91° 15.42+11.04°
Ca736 12.3942.18"4 5.7041.48" 2.834+1.714 814.86+285.47"* 44.074£24.77°" 2.5641.09"
Ca742 8.384-2.48 4.684-0.46" 2.59240.20°8 390.984-132.06 32.9243.34%0 11.844-3.11%08
Call65 10.284-2.06%4 4.8741.63 1.2240.54% 235.334-41.22 37.37416.39%8 3.644-1.23%8
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60 mmol« L~ 19 75 T 6B T, IR AR A= ™ i 227 %)
T AR — 20 R B FL A 11 5 25 IR 7R b -
BRFRY IR [ 2 1. 00~4. 00 mm. J5 T B Jip 3

JUR 25K B 30V 55 T IR AR K, (H B i i A — 8
FE 40 mmol- L' I8 4T BB 38 T IR 28 4R B i A
1.54%~89.49% ,Ca397 4 B i iz K, Call65 i) F#
MR fe /N o #E 60 mmol- L FR T8 il F, 12 3 {3
Tl b BE 09 IR 2E K 3E — 25 F B, BRI SE B A
25.52%~93.89% Z [l , 2 H B B Ay L A R 2
S, Ca397 52 2 3 i 72 B B K, B iR =5 3k 93.89%,
Call65 (1 F& W fe /I, 2 B H AE 6T 58 5 19 T % 4T ik
PEo LA BT uh B, 54T B b 2 X AR K ) o ) A
BERTFMZEK

R4 FITHEAEX ZMNIREEF FRERIKFAEF K0

Table 4 Effects of soda-alkali stress on seed root and bud length of P. glaucum

JEHR K Root length/mm

- ZE 4 Plumule length/mm

JE R Y Xf 1 IRIT A IR 38 popid IRIT A IR 38
Genotype CK Soda-alkali stress Soda-alkali stress CK Soda-alkali stress Soda-alkali stress
(40 mmol-L " (60 mmol-L ™" (40 mmol-L " (60 mmol-L ™"
Ca382 59.64 44 .23™A 9.03+3.04"" 2.88+0.97"¢ 38.71+1.67" 15.7240.258 13.19+3.49""
Ca396 32.77+3.43™ 6.72+2.10"" 2.50-1.01"" 31.074+2.06% 20.69+0.56"" 13.23+£3.93%
Ca397 43.896.93" 2.91+0.44" 1.614-0.77¢8 27.6843.00%" 2.9140.44™ 1.6940.66°"
Ca399 46.46+6.350A 4.44+0.16%8 3.64+0.76™"" 27.20+0.40%" 14.78+3.65 4.10+0.03"¢
Cad06 37.8849.58%" 4.2340.74% 1.3040.57% 33.0441.38 20.24+2.07" 12.5242.18
Cad24 47.0011.42bdeA 3.53+1.10%" 1.0740.32% 25.68+0.99 9.43+2.36" 4.10+£2.91"¢
Cad25 70.80410.77* 4.5441.11%F 1.23£0.53%F 38.3440.44 20.83+3.80"" 4.0340.63"¢
Ca481 48.28 - 6.940edeA 5.2840.954 1.404-0.44% 39.7242.09" 19.3041.39«® 6.12+2.61"¢
Ca727 68.77+26.35"" 13.23+2.07"" 2.38+1.3]0edeb 52.3843.69" 28.83+4.36"™ 13.0241.22%
Ca736 65.67+22.00"A 7.32+2.398 0.99+0.22" 41.26+2.82" 23.45+7.36" 7.51+5.51"
Ca742 46.9110.300dA 7.04+0.16"" 4.53+0.85" 19.2040.85" 9.024+1.53% 3.9941.58"¢
Call65  23.0041.34™ 7.80+2.29"" 3.06+0.39"C 16.89+5.80" 16.63-+1.85" 12.58£2.26"*

2.4 FATWHEXNAEEZMIREEMHFHEZZ WA
LSZEEM

P RE B —FE AR L A IR B, B AT A
—FEBRAE LLIEA 1203 (bR i T SR T ot . PR,
AHIFFE R ISR 8 oA 5 AT vk 6 12 53 A [] 35 PR Y 56 i
AR B HLRP - ARG K 25 B AR & 2 AR AR A
Xt 2R M & ZE R bR S 148 BT 2R A R
TR LA 7S A E 7 25958 8 R B T ST HE , LAY
Brbp R 08 22 5% . ek 5T 1, 7 40 mmol-L !
IR AT BN 30 12 43 S5 9 U 1 T 2 AT B Pk 27 5 HE
K : Call65>>Ca399>>Ca396>Ca727>(a382>>Cad81
=>(Ca742>>Ca736>>Cad06=>Cad25>Ca397>>Cad24 .,
26 A, #E 60 mmol- L~ IR T8~ 12 403 Fb ot
TEUR A T IR AT 08 M 25 A HE 4% Ry - Call652>Ca399>
Ca742>>Ca382>>Ca727>>Ca396>Ca397>>Cad81>
Ca406>Ca736>Cad25>Ca4d24,

1E 40 mmol-L 1 60 mmol-L 'Y 75 FT 58 i 380
T AR Call65 1Y sR 8 pR AT Y06 HF 45 24 o 5
1, 56 A Ca399 1Y SR JE s 807 S E HE 2 ¥ k5 2

(N 3R 5.3% 6D, Ut W 3 P O 32 b - 4 ) 1) T 05 4T
BV 5 T A AR A ORL S8 T T I8 T Bk BT B
6. KA Cad24 7 40 mmol- L' F1 60 mmol- L !
(R I T TR0 38 HE 24 35 8 12, 150 B L AE 55 4T 0k 38
TR R R S TR AT B R R R PR AR
Ca7427¢ 40 mmol-L "I IR FT O i ~HES M a7,
£ 60 mmol- LAY I3 4T 5 38 T HE2 58 3, I 7E
e VR B B IR T 6 38 T LT P R T

4 40 mmol-L 'H1 60 mmol-L "B 75T i e
b 3T S8 AR R b 1 R 0T R) 45 48 b 1 SR R B
S YA VR 2R 28 pR B BT L CAn Rl D 7EBRE I B 5
A TR i A AN ) 35 DR AR 1 5 I AR R R T (R 3 b )
Gy R VU RS T 28Rt I 4T 68 8, o 4 455 4 Rt
Call65,3 14y, i HEiA RHY 8. 3306 %5 11 2k th 4%
it 75 T 0% AL, H v 4§ b1 8 Ca399, Ca727, Ca396,
Ca742,Ca382, 3507, i BEilAr B 41. 6720 ;58 11 2%
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Table 5 Membership function values of relative growth indices for different genotypes of P. glaucum seeds under

40 mmol- L ' soda-alkali stress

HHXT Sz 254 XA ZEAR MR

AHX IR ZF I

GERSW S G EDORTIIIE S G 3 E S L )

[ A . . . . . L . -
(%.t Relative Relative Relative root Relative Relative Relative vigor Membership Eri
aen an

cnope germination vigor germination rate length plumule length germination index index value
Ca382 0.905 0.885 0.317 0.342 0.316 0.271 0.506 5
Ca396 0.413 0.294 0.512 0.637 1.000 1.000 0.643 B
Ca397 0.032 0.153 0.008 0.000 0.641 0.133 0.161 11
Ca399 0.994 1.000 0.114 0.498 0.896 0.359 0.644
Ca406 0.808 0.610 0.173 0.577 0.000 0.014 0.364 9
Ca424 0.000 0.000 0.040 0.298 0.095 0.000 0.072 12
Cad25 0.413 0.395 0.000 0.498 0.330 0.039 0.279 10
Cad81 0.564 0.395 0.164 0.433 0.823 0.403 0.464 6
Ca727 0.771 0.694 0.466 0.506 0.569 0.576 0.597 4
Ca736 0.677 0.436 0.172 0.527 0.356 0.199 0.394 8
Ca742 0.576 0.445 0.312 0.414 0.498 0.382 0.438 7
Call6b 1.000 0.928 1.000 1.000 0.137 0.833 0.816 1
F6 60 mmol' L"'FHITHMETARERBENREEMN FEENEKERHRE RHE
Table 6 Membership function values of relative growth indices for different genotypes of P. glaucum seeds under
60 mmol-L "' soda-alkali stress
AR K 2 3 LERON-2 X IRAREE AR IR 2R AAXS R ZEHR L MRS T8 80 SRR s BOT M
HE A . . . . . L . Eil352
Genotvpe Relative Relative Relative root Relative Relative Relative vigor ~ Membership Rank
TenoP germination vigor  germination rate length plumule length germination index index value 4
Ca382 1.000 1.000 0.281 0.409 0.332 0.238 0.543 4
Ca396 0.323 0.266 0.519 0.534 0.537 0.604 0.464 6
Ca397 0.091 0.215 0.184 0.000 0.771 0.385 0.274 7
Ca399 0.597 0.466 0.537 0.131 1.000 1.000 0.622 2
Cad06 0.366 0.222 0.164 0.465 0.069 0.052 0.223 9
Cad24 0.000 0.000 0.065 0.144 0.236 0.046 0.082 12
Ca425 0.066 0.033 0.019 0.064 0.429 0.066 0.113 11
Ca481 0.508 0.170 0.118 0.136 0.313 0.105 0.225 8
Ca727 0.924 0.835 0.166 0.274 0.666 0.314 0.530 5
Ca736 0.514 0.173 0.000 0.177 0.251 0.000 0.186 10
Ca742 0.562 0.362 0.691 0.214 0.813 0.680 0.554 3
Call65 0.912 0.946 1.000 1.000 0.000 0.309 0.695 1
Ca406 : s 1
] : 3 itig
Ca736 '
| L
Caddl ! e HE LR B AL T R i) 29 S Al K T A R
Cad2s v PREE R 2, P i 4T S LAk 1/3, 75 £ Bk
Ca397 ' =
¢ : Y ARAE W 77 B A, £ BANRE A G, X ARl A= 7 4
Ca424 ' . 7 i
; J™ T SR R AT 18 R L R —
Ca382 . 3 o > 3
_I a e 5% R AR B . EWRER ZRE R
Ca742 a e o e 5
: J TR R REE g B D B A BEOSOAE , A
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: F1R) T e AL [) e DR %) 7 T T 2 A R 22
Ca727 . N - o N N e
: S, BT IR 3T 0806 A [ o 5 B4 58 P AR 8 5 il -
Ca399 ' N ™ . -
T SR &Yy B AR A R 5 ) BIF S D DR O T AT
Call65 L L 1 - - N - .
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Fig.1 Cluster analysis of soda-alkali tolerance in

12 genotypes of P. glaucum
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KB R R HATLR AR . G5 R, 40
mmol-L ' A1 60 mmol-L "7 ¥T il bl 18 4 PR R BT A
e YN AR 8 B Rl (R Kb R 09 e 25 AR 2R R
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5L 5 BT I ST A R — B AR R B
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o, ] RE RN R R AT R S, AR Bl 7k DL
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W AN AT 58 38 K B, 56 VIR 8 B 1 K 2 45 4R
G S 38 80 AE 40 mmol- L' 1 60 mmol-L 'H) 75 5T
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