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BREN 38% 7% BTN, W HIE =LA
TEVRH AR A A KSR IR R ERHH IR
AT, B RURAGHIE: B 100 g 5T F 70
A H5610 BAR AN, JAEFLH N 30 % /min,
5 B A b 0 TG Y BE VR B J5 NG & R RLAG R 1
CHHBMN R ML) |, B R AHUIER:, 95
FLEAEFP 7RI . B AURLAL A RN HE T B
40 °CHtF 40 min.

1.2 REHE
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{5 2 AT IR, BRSSP EE N — B R
WEIIRNT-, FH 75%PkE 1236 30 s TH B, FH 280K
DM RINGIRRE, A 1% NaClo #1T
FiF Y8 8 10 min, FHZRIE/K e Fh 1 2 R LR
B, WK AR TR T 7K 73 4% FH o
12,1 KAppEgizAr a2 FHIHREN 0 (TO) « 50
(T1) . 100 (T2) . 150 (T3) #1200 mg/L (T4)
(KA BRI W, W18 B 3ok P b 723 1) s 8 AE A TRk
FE R BIK IR IR IR Pl 24 he 7E 12 emx12 em &
FENBCEIRAR, TSR RN 50 Rifh1,
A E 3 IRER, MARGEIISIIMANRE
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53 RGHRES, BT REHEER, 58 KL
10 BRFE S E ARG | 2R, JERREUEE 5, SKFIME.
HUEERE 0.2~0.3g Ml A ALY BALEE (superoxide
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(ascorbate peroxidase, APX) FIA[{EMEEH. K
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Ky VRN 2 APX 5 PR3,
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Fig.1 Effects of different concentrations of SA
seed soaking on foxtail millet germination
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S RHRTE T 28.8%F1 20.5%, 1H K ZEHEEAE T2 4bFH
Fiem, HE5 ToEZREE.
MFE 2 mIPLEH, 5 CKAHEL, TO ¥ R %A
54 FgE 17 RS M FEAC T 52.9%F1 60.6%,
FER AR T 90.7%F1 87.2%. T3 4bF 2 AN,
Tl 55 25 EE B I8 1) S MR SR B U, B TO A FEAR K
I RHRTE T 47.3%A0 10.6% . 1o WK FE 7K A% R Ak 7
(200 mg/L) MR ZE K AR I HIERH, 5
T3 AR K4 B PR T 13.7%F1 4.2%, 5 TO A L,
T3 KEEEXT A 54 (AR K. HREE SRR T & (1 52 m
BF, 3 MERIIRTT 30% LA ANE KRN 2
K. FEFEAFTENEHSRAEE, (HE T3
AbBE R ZEACRN SR SR BIE(E, 5 TO AHEL A AR
F 7 3.1%F1 12.9%, ZF T HEAE T2 AH N R & 4F -
KR A EE NG 17 FOARK . AR 5 RN 2 K
TR IEAR R, (HI7E T3 AbH F AR KT

R 1 NEIRBEKGELZFHALIRRT & F#5 & HAFE RS2
Table 1 Effects of different concentrations of SA seed
soaking on the indicators of foxtail millet germination stage

m A2 o A S
Variet Treatment Germination Germination Germination
Y potential (%) rate (%) index
BB 54 CK  72.00+0.05bc 82.00+0.11a 63.41+6.23bc
Longgu 54 TO  64.67+0.08c 81.33+0.12a  56.83+6.81c
Tl 73.33+£0.01abc 81.33+0.03a  61.63+1.45bc
T2 83.33+0.04ab 88.67+0.03a 74.57+3.46a
T3 84.00+£0.04a 92.00+0.05a  67.89+1.33ab
T4 69.33£0.10c  86.00+0.04a  57.94+3.82c¢

90.00+0.07a  91.33+£0.08ab 101.06+6.55a

69.33+0.06bc  78.00+0.03¢  65.66+1.35¢
Tl 68.67+0.04bc  84.67+0.01abc 74.28+1.92¢
T2  86.67+0.06ab 87.33+0.05abc 100.19+0.84a
T3  89.33+0.04a 94.00+0.02a  87.37£5.52b
T4  63.33+0.21c  83.33+£0.07bc  51.20+11.06d

RRNG FRHMURA L R R E (P<005) , FIH.

Different lowercase letters represent significant differences among

treatments (P < 0.05), the same below.

liik 17 CK
Nenxuan 17 TO

R2 TEIREKGELZFACER & FE KR M0
Table 2 Effects of different concentrations of SA seed soaking on the growth of foxtail millet

o fhgE K MR RFE RIS R FTE

Variety Treatment Root length Ropt fresh Rpot dry Shoot Shqot fresh S]:lOOt dry
(cm) weight (g) weight (mg) length (cm) weight (g) weight (mg)

T4 54 CK 7.44+0.51a 0.023+0.002a 5.87+0.25a 1.77+0.10a 0.039:£0.005a 6.10£0.56a

Longgu 54 TO 3.94+0.10d 0.016+0.002¢ 3.63+0.51c 1.60+0.02b 0.03120.002ab 4.70+0.30b

Tl 4.23+0.28d 0.018+0.003bc 3.73+0.31c 1.64+0.03b 0.033+0.008ab 5.10£0.17b

T2 5.20+0.15¢ 0.020+0.003abc 5.13+0.32b 1.64+0.05b 0.034+0.002ab 5.20+£0.35b

T3 5.80+0.38b 0.022+0.003ab 5.17+0.29b 1.65+0.04b 0.035+0.002ab 4.93£0.21b

T4 5.01£0.07¢ 0.018+0.003abc 4.07+0.31c 1.4620.05¢ 0.030£0.001b 4.07£0.25¢

iz 17 CK 11.43+0.53a 0.034+0.003a 8.67+0.55a 2.11£0.10a 0.047+0.001a 6.67+0.49a

Nenxuan 17 TO 6.93+0.34b 0.025+0.001b 3.83+0.38d 1.850.06bc 0.035+0.001¢ 4.87+0.06¢
Tl 6.97+0.25b 0.026+0.003b 4.23+0.23cd 1.89+0.11bc 0.038+0.002bc 5.13+0.23bc
T2 7.46+0.82b 0.026+0.002b 4.73+0.67bc 1.90+0.11bc 0.039+0.003b 4.97+0.12bc

T3 7.66+0.35b 0.026+0.002b 5.17+0.29b 1.98+0.09ab 0.040+0.004b 5.43+0.23b

T4 7.34£0.72b 0.026+0.001b 4.70+0.44bc 1.77+0.03¢ 0.038+0.003bc 4.87+0.35¢

I p; RTE. ZFEFE AT HIYE T3 43
MR HEREE, 25T T 34.9%. 14.3%
M 11.5%. kKR (200 mg/L) 12 FhAb T
2 AN AR KA AE AR -

212 MHFLEMEATHRXMAERILRG R K
2 RTESS ZEMNE T A R EKRRIEM, 1
REFENITGIRBE 8 RAFEN AL FABFR I 45 3 o
POD. SOD #l CAT NN HZ A EE,
TE I B PR SR AR S Ak ol AR R FE B E L, R
454 75 T3 N5 TO AHLL A3 T 32.6%-
17.5%H1 31.8%, ZF&ZF (P<0.05) ; W% 17
76 T3 A3 T 5 TO AR HL4: 2T T 10.9%

69.4%71 28.8%.

APX EIIE R RG24 HaOo, T
JeAMNI, dEFER TR ISR, RS
B AEAARE R, B 2 B A 54 Sk 17
TEWNEZE T APX WAL % 5 POD. SOD.
CAT B IEAMIF, 2% TG FREMESE.
ANFSTET AT 54 BARTE T2 AhHUA R AME, 5
TO FHELHETF T 1.5%, [HA AR S AL EE ] 22 53 AN
B3, Ik 17 48 T3 MhHER APX WG TER S, 5 TO
AEEEAHLEIR T T 6.7%.

Ml 2e FTCAE Y, Bl KA B T (1 384 n mT
BHEAGEM 2N, 5 POD. SOD Al CAT 4%
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Different lowercase letters indicate significant differences among treatments (P < 0.05), the same below.
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Fig.2 Effects of different concentrations of SA seed soaking on physiological
indices of foxtail millet germination under atrazine stress

fetaAFEAMIE, 6 T3 AH Fal st EA S Eik
., HE To Mtk ZE R B3E, kA 54 5k 17 v]
B SRR T 6.8%F 5.7%.

MDA & & 55 40 i 5 5 S04k 402 45 72 2 2 IR AH
Ky RV E YIS S A T SR 0 E LR R
M 2f AT DUE Y, BEE KRR FE 3T, MDA
TEBEAREER TR, A 54 4 T2 BN
MDA & EEE5AK, 5 TO MFRAHLLFEIK T 24.8%,
5 CK MHEEET T 15.5%; ik 17 78 T3 Ab A
MDA & & E %, 5 TO AFEA EL K T 10.2%,
5 CK tHELHEF T 15.0%.

IR R U, MR R T UAE— 2R E b
SR X YR S ', SRR T35 RN
Polk, T3 APERCR B, BEE KWK 1 FF &
FHE, 2 BT POD. SOD. CAT. APX i
PERITIE R O B 2 T HES, MDA S EE
T, UL SR EEXS 2 AN SRR 2 HIE A
213 FRRKRESRKHERE S ST HKISARE 48
XMobr Wl 3 Fis, MAHSCHE R E ] DUE 2
RFEHB ST HEEME T EIN R 766
S RFWIEMIK R RFRBGIEIE R
T B 2 AR ) IEA DG WS RK. T
H, FREWEBERIEMX, 5HFEHEELENIE
K. KSR TEEWEE EMHX, SREFER
BFEIEAG, WEFESHTERERENIEML: ¥
K5 ZF e E R E IR . MR TR IR

AT, PREEHE R A AR AR 53 2 B] B A DG 1
TEAEA R FEFE () IE B A R R R

b5 SME K R BE B T iy, 2 N FERE T8 )
AHICPERE R, A T3 Ab3 2 MR FE 2 (6] S0 2 3
MIEMICK R, BEERBEIGSET R, A
B AR AR B 2 [A) R A DG PR 2 FEAIG, B AR OG,
Ut B T3 ALFEXT B K Fabr = AR R R VR, T
TR BE AR K R W R AR bm = A T A A
22 ARNKXIFEEME T A FIRLZRS T
221 HENAINBSTHRERGY R K4 NEE
54 (K 4a) 5k 17 (E 4b) fEALRLALEE 5 5%
AR B FRK FRAEmW . EF5 L)
BT, 5 P4 AREEFALL, P2 AMEEXT AT HIMRK
AZELI A TIHER (R 3D o B8 54 IR K
HIERA IR T 6.7% 7.2%; Bk 17 53 5 AR
T 17.7%H1 34.3%. M 4 i ar IREL S|, Ut
/EIREH RIS 2, AR, T X
Ky TR IR

F 3R, A S4REFE, T E, Fhaf
HANZFTHIHBRH AR5, 20Tt 7
22.5%-+ 22.9%- 13.1%01 30.7%; Wk 17 Brf 6t i
PAARE) 3 ANEFRISEIFET, 8Tt T 53.7%.
12.1%AH1 16.9%.

EFFREMIA T, PLAAHE GRS FREKAMEE
KA mHE S neA &, 5 P3 AbEEAHLEL, P1AbEE
Tty 54 IR S FK DMK T 39.4%. 4.5%,
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GP GR GI VI RL RFW RDW SL SFW SDW Pearson’s r
! 1.0
TO @ P GP
0.5
o
¢ ¢ 0.0
® 0.99 097 Gl
Tl © -0.5
® VI
-1.0
RL
T2 © RFW
Mantel’s p RDW
0.001<x<0.01
0.01<x<0.05 SL
T3 ©
>0.05 3 SFW
Positive
----- Negative T4 © - SDW

FETENAE FRASAR IR AR S A, R R (1 4 28 SRR IR IR 7 AR BB AR 4140 2 IR MA S 1 B /KO, i i i e 3R B3 M3 (P
<0.01) , HEEARREEMR (P<0.05) . GP: KFH: GR: KHFZF; G KFHH: VI iEHEE: RL: WK RFW: fREFE;
RDW: #RTH; SL: ZFi; SFW: ZFffHE; SDW: ZFTH. *: P<0.05 **: P<001,

Rectangles are heatmaps of correlations among physiological indicators, and lines of different colors indicate the significance levels of correlations
between environmental factors and physiological indicator components, with orange lines indicating highly significant correlations (P < 0.01) and
green lines indicating significant correlations (P < 0.05). GP: germination potential, GR: germination rate, GI: germination index, VI: vigor index,
RL: root length, RFW: root fresh weight, RDW: root dry weight, SL: shoot length, SFW: shoot fresh weight, SDW: shoot dry weight.

3 FAIERAS SRR TR Mantel 1238

Fig.3 Mantel test for germination index components and environmental factors
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Table 3 Effects of pelletizing on foxtail millet biomass indexes under atrazine stress
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B4 FERZRETHRUNETFALIFM
Fig.4 Effects of pelletization on foxtail
millet germination under atrazine stress

5 s ik g R #k R HTE

Variety Treatment Root length Rogt fresh Rpot dry Shoot length Shqot fresh Shoot dry
(cm) weight (g) weight (mg) (cm) weight (g) weight (mg)

WA 54 P1 4.76+0.89¢ 0.021+0.001¢ 4.93+0.55¢ 1.88+0.03b 0.051+0.002ab 5.77+0.75¢

Longgu 54 P2 9.25+0.48a 0.033+0.003a 8.77+0.35a 2.04+0.18ab 0.058+0.007a 9.37+0.38a
P3 7.86+0.51b 0.026+0.001b 5.2740.57bc 1.97+0.06b 0.046+0.001b 6.47+0.72bc

P4 9.91+0.04a 0.027+0.001b 7.13£1.89ab 2.20+0.06a 0.051+0.003ab 7.17+0.67b

ik 17 Pl 5.87+0.16¢ 0.026+0.002b 4.2740.21d 2.04+0.05d 0.043+0.003b 8.00+0.10b

Nenxuan 17 P2 8.64+0.17b 0.032+0.001a 9.27+0.57a 2.34+0.21c 0.049+0.002b 9.67+0.25a

P3 8.87+0.21b 0.018+0.001d 5.67+0.32¢ 2.73+0.05b 0.050+0.007b 6.80+0.17¢c

P4 10.50+0.28a 0.020+0.001c 8.27+0.55b 3.56+0.12a 0.061+0.002a 8.27+0.21b

REFREHT 2 I R R R > F LR, B
FURLAL O BB = A T HIEIE T o 7R3 2 E
™, P15 P3Ab3AHEL, KREFR. REHBMEHE
B HIFEAR T 42.6% 37.1%F1 50.7%. AR AALALFE

(P3 5 P4) A XEMNESE, X 3 MEH75
TF% 2.2% 2.0%H1 6.8%; kit (P15 P2) i
ANF5REREE, X3 NMabr a5 TR 27.1%.
23.8%F1 27.3%. Wik 17 WA 5 RE 54 FHA
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Table 4 Effects of pelletization on germination
indices of foxtail millet under atrazine stress

s gm OFW ROFE RPN

V‘; ‘;iet Treatment Germination Germination Germination
Y potential (%)  rate (%) index

T4 54 P1 50.67+0.03¢c  61.33£0.08c 35.35£2.67¢c

Longgu 54 P2 70.00+£0.08b  80.00+£0.06b 46.97+4.10b
P3 88.67+0.04a 96.67+0.04a 71.69+3.67a
P4 90.6740.03a 99.33+0.01a 76.92+1.96a
Wik 17 P1 15.334£0.05c 44.6740.12c 18.21+4.52¢
Nenxuan 17 P2 22.67+0.08c  60.67+0.08b 25.04+5.68¢
P3 82.00£0.07b 94.00+0.02a 76.16+4.62b
P4 94.00+£0.00a 97.33+0.02a 89.29+5.01a

XPECR IR, AR A EEFEAR T T IR S5
REFBFRFIRE, ABAERIIANGS L3R, Akl
S AR ZE I AR R a2 A e b, (RS
I E B R TR AR
222 HEANSTAERISHFRGZ A WK SATLL

W J£%454 Longgu 54

EH, 5 P4 L, P2 4bFE R A 54 1) POD. CAT
TR EE A E = N T 9.1%. 27.4%F1
9.2%:; Wik 17 i) POD. CAT 5 APX 3&143 5 T
[% 41.8%-. 15.1%F1 8.2%. it B AL kiAL AL BEXT 2 A
A POD. CAT & = A4 T B 3 il /6 FH o
HAERMZ, ERPARE S, B4 54 1) MDA
FETET 16.7%, W AR AR T AR 4510,
L4 R B R s 2 AR IR SOD 5 RS 2 T 5
KIREE ST, 33T T 118.5% (Ju4y 54) .
89.1% (W% 17) , 584 T B FIPLEABI i R 5

XPEE P15 P3 AbEEZ 0] 6 AR TR bR A K
i, 4 54 111 SOD. CAT. APX 3 M vl i1 &
H A1 MDA &3 T 7 0.4%. 14.8%- 6.0%F
20.2%, KA POD JEMERK T 9.1%; ik 17 A f
SOD #&E. WEME AT =& AT T 5.0%F
2.6%, HARTEP NERZ I8 POD WEME, FET
29.3%, {HAHERRIZ, MDA & N T 16.2%.
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Fig.5 Effects of pelletization on physiological indices of foxtail millet during germination under atrazine stress
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Effects of Pelleting and Salicylic Acid Treatment on
Foxtail Millet Germination under Atrazine Stress
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Wang Wenzhu', Wang Xuewen', Li Candong?, Miao Xingfen'#

("College of Agriculture, Heilongjiang Bayi Agricultural University / Heilongjiang Provincial Key Laboratory of Modern
Agricultural Cultivation Technology and Crop Germplasm Improvement, Daqing 163319, Heilongjiang, China;
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3Jiamusi Branch of Heilongjiang Academy of Agricultural Sciences, Jiamusi 154007, Heilongjiang, China;
4Key Laboratory of Green and Low-Carbon Agriculture in Northeast China Plain,

Ministry of Agriculture and Rural Affairs, Daging 163319, Heilongjiang, China)

Abstract To investigate the effects of seed pelleting and exogenous salicylic acid on foxtail millet germination
under atrazine stress, experiments were conducted using Longgu 54 and Nenxuan 17 as test materials. The study
examined the impact of seed soaking and pelleting treatments with different concentrations (0, 50, 100, 150, 200
mg/L) of exogenous salicylic acid on foxtail millet germination under 2 mL/L of 38% atrazine suspension
treatment. The results showed that increasing concentrations of exogenous salicylic acid initially promoted and
then inhibited foxtail millet germination under atrazine stress, with 150 mg/L yielding the optimal effect. This
concentration significantly enhanced germination potential, germination rate, and germination index. Compared
to 0 mg/L, soaking with 150 mg/L salicylic acid markedly increased activities of superoxide dismutase,
peroxidase, catalase and ascorbate peroxidase, as well as soluble protein content, thereby reducing oxidative
damage caused by atrazine stress. In the absence of atrazine, pelleting treatment exhibited inhibitory effects on
root length, shoot length, germination potential, germination rate, and germination index, but improved root fresh
weight, root dry weight, shoot fresh weight, and shoot dry weight, indicating that pelleting promoted root
development and shoot growth. Additionally, pelleting had the function of suppress weak seed germination and
select for vigorous seedlings. Under atrazine stress, pelleting treatment exerted inhibitory effects on all measured

parameters.

Key words Foxtail millet; Pelleting; Salicylic acid; Physiological indices; Germination stage
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