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Effect of Humic Acid on Seed Germination and Seedling Growth
of Longzi Black Highland Barley Under Salt Stress

FU Tiantian, YAO Hui, HUANG Huiyun, QIAO Yunxiang, FENG Xibo

(School of Plant Science, Xizang Agricultural and Animal Husbandry University, Nyingri Xizang 860000, China)

Abstract: To investigate the effects of humic acid on seed germination and seedling growth of Longzi black barley under salt alkali stress, this
study used humic acid to soak hexagonal black barley seeds and simulated salt alkali stress with a mixed alkaline solution of NaCl, Na,SO, ,
NaHCOj3 ,and Na; COj (molar ratio1 : 9 ¢ 9 ¢ 1).Four humic acid treatments were set at 50,100,200,and 300 mg/L to analyze the regulatory
effects of humic acid (HA) on the germination characteristics of black barley seeds and the growth and development of seedlings under salt al-
kali stress (SA).The results showed that the germination and growth indicators of black barley seeds were gradually reduced by salt alkali
stress (SA).Compared with CK, the germination vigor decreased by 31.91% .the germination rate decreased by 24.53% , the germination index
decreased by 28.42% ,and the vitality index decreased by 62.58%.Bud length decreased by 21.53% ,root length decreased by 47.67% . fresh
weight decreased by 63.12% ,and dry weight decreased by 48.18%.Among the four humic acid treatments, SAT2 showed the best effect in al-
leviating salt alkali stress.Compared with SA (salt alkali stress) , SAT2 increased germination vigor and germination rate by 43.75% and 32.
50% respectively,increased root length by 4,15 cm,and reduced root shoot ratio by 43.61%.Comprehensive analysis showed that soaking seeds
in humic acid effectively alleviates the damage of salt alkali stress to Longzi black barley seeds, promoted seed germination and seedling growth

of Longzi black barley,and the optimal concentration of humic acid is 100 mg/L.
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b B e
CK 4K
HA f T1 50 mg/LHA
THBM T2 100 mg/LHA
i & 50

T3 200 mg/LHA

T4 300 mg/LHA

CK 4K

50 mmol/L L% ¥

4

HA /£ SA 1

T SAT1 50 mmol/L B K +50 mg/LHA
BN

1 % i SAT2 50 mmol/L R HEF K +100 mg/LHA

T

=

L SAT3 50 mmol/L F ¥ +200 mg/LHA

SAT4 50 mmol/L E8%IE K +300 mg/LHA
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R A BE S B S 73 03] 2R B 25 i A 2L RAR
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Ab B RS % KRN KRR G CE

CK 0.7540.75 Ab 0.8740.867 Ac 16.5940.061 Ab 104.9740.478 Be
T1 0.78+0.783 Aab 0.8840.883 BCc 16.93+0.676 Aab 112.9845.239 Bbe
T2 0.8340.833 Aa 0.9740.967 Aa 18.24+0.274 Aab 137.59+1.644 Aa
T3 0.8240.817 Aab 0.95+0.950 ABab 16.8741.680 Aab 118.66+10.579 Bb
T4 0.80£0.800 Aab 0.90£0.900 ABChbe 17.2940.467 Aab 118.514-3.103 Bb
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yoge! #K/em R /cm e T 1 /g TRt/ g HR 5 L
CK 6.16+0.072 Ee 6.3374-0.045 Ee 0.954-0.035 Dd 0.12+0.007 Cd 2.524-0.05 Aa
T1 6.4940.049 Dd 6.6740.045 Dd 1.03£0.038 CDe  0.124:0.003 BCed ~ 2.0240.076 Bb
T2 7.1540.038 Aa 7.5440.080 Aa 1.2540.053 Aa 0.14£0.004 Aa 1.4540.05 Cd
T3 6.9440.134 Bb 7.0440.084 Bb 1.1540.064 Abb  0.1340.003 Abb 1.5340.05 Ced
T4 6.69740.019 Cc 6.8540.046 Cc 1.1140.016 BChe  0.1370.002 BChc 1.5740.031 Cc
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KR 1.000

R IR 0.330 1.000

RFHRE 0.534 0.453 1.000

(LA R 3 0.619 0.732" "  0.858 "  1.000

i8IS 0.557 0.812"" 0.518" 0.883" " 1.000

FR 0.592" 0.781%" 0.498 0.843" " 0.955" " 1.000

fief Joi 0.669" 0.743""  0.640" 0.893**  0.911°°  0.879"*  1.000

TR 0.580 0.597" 0.547" 0.815""  0.858""  0.891""  0.838"" 1.000

HE —0.598 —0.718" " —0.456 —0.762"" —0.870"" —0.921"" —0.868" " —0.774"" 1.000
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CK 31X 2L & 149 25 48 b5 Fif 0CA BEAR  (EARSR = T
SA, X THRE AT SA N, BE R HE Rk
IS B R A5 4R AR S B R T R R . T
SAT2 Zb BN HA W 100 mg/L B, & 2 %
(76.67%) & % (88.33 %) Wi K5 8 (16.79) ,

PR BE R A3 BN T 43.75%.32.50 % . 1fif B
RAGHORITE J1 158 304 0 & T SA H Ab B[R] (1Y
ZE 5 WG A IR Ak PR BE % A R BN 8 X
TR 07 R A A KR e A i 1 A R Tk
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FHLEL, SAT1—SAT4 AbFEY B E i T B EHH
R E . HIEK T 3.43.4.15.3.97.3.74cm;
Horr SAT2 G2 i Eh i i 38 ROR B4 5 SA HH L

x5 REKRE

MRE L AR T 4361040 . Gl Y R 0 J AF IR 7T A7 3L
fre BERE 5 2R BRI THIR R M SRS A BT
P T il A R 0T PR R AR T 51 R A 4 o 2
JO7 5 LA T 7 BR X Sk 60 45 114 365 V. fiE

BEBENAEDETEFESRM FHEAFENZE

Ak B RS % KFR) N KR CPIkiR ¢
CK 0.7840.783 Aa 0.88+0.883 Aa 16.96+0.594 Aa 112.8842.063 BChe
SA 0.5340.533 Be 0.6740.667 Bb 12.14=£0.745 Cd 42.2442.064 Dd
SATI 0.7040.700 Ab 0.8240.817 Aa 15.43£0.521 Be 106.7£4.761 Ce
SATZ 0.7740.767 Aa 0.8840.883 Aa 16.79£0.200 ABab 128.264-1.894 Aa
SAT3 0.7540.750 Aab 0.8740.867 Aa 16.36+0.670 ABabc 121.9444.642 Aba
SAT4 0.73+0.733 Aab 0.83+0.833 Aa 15.8840.698 ABbc 114.8145.036 BChb
K6 TEAREBEBRYMAFEBDETETFRERIEERLZENZM
Ak 3 ZF K/ em B /em fif J5 i/ g TR/ g MR L
CK 6.06-0.127 Aa 6.66-0.118 Cd 0.9140.061 Aa 0.1140.014 Aa 2.2640.051 Aa
SA 4.764-0.054 Ef 3.4940.190 De 0.3470.047 Cd 0.064-0.003 Dd 2.0940.061 Bb
SATI 5.3140.025 De 6.9140.088 Ce 0.6140.040 Be 0.07£0.002 Ce 1.4140.047 Cc
SAT2 5.9440.034 Ab 7.64£0.046 Aa 0.91£0.005 Aa  0.1040.007 Abab ~ 1.1840.015 De
SAT3 5.70£0.074 Be 7.45+0.050 Aba  0.89+0.054 Aa  0.09£0.004 BCb  1.2240.052 Dde
SAT4 5.51£0.04 Cd 7.2340.065 Bb 0.71£0.014 Bb ~ 0.08%0.002 BCbe  1.27£0.017 Dd
26 FRREBEEBRMEFESFRM FHEAXZR 50 -
B SA EESAT! ENISAT2 ESAT3 EXISAT4
ERNI “

P8 3~7 d v SA Ab P 4 AE X R B 2 f = 43l
} 32.60%.31.81%.26.47% .24.95% . 24.62% , If:
=i i el W OB W TR ST (i =i
SAT1—SAT4 Kb BEAT Fir 22 fifk £5 OBk 30 %) R 55
P FH 059 (8 1), SAT1—SAT4 kb FE 5 SA 4k
FEAH LG, BT PRI 10 R T 7 23 i A R vk
B2 ek S TEAHIR T SAHRXTERERAE 3 d
SR RET 22.71%.30.22%6.27.84%,25.46 %% 5
£ 4d 43 50 F BT 21.39%.,29.86% . 27.50 %
25.56 %0+ 7E 5d 43l N R T 16.42%0.26.59%
22.43% .18.38% s 7E 6d Z» 9 F F& T 17.32% .,
23.09%.21.24%.19.28%; 7E 7d 2 W T T
16.73% .24.62% .22.77% ,18.95% . K It J& A 2
20 Ak 3 34 RE 2 A AE R B A0 R DR BR AR 1Y
HHRFER 2 R, Hod SAT2 A0 A 35 % R M &
i ROR IR

il

30

20

FEXS #h 5 2/%

10

-10

REFERHUA
P& [) — F8 Am A [ b B ) RS B 3R 22 57
8.3 (p<<0.0DH/NE F R R IR 257 B F (p<<0.05),
E1 AEREEER
MEFRESRMFHENBERNRM
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$00.972) =1k J138 $1(0.929) > 2 (0.892) > fif
L (0.884) > M3 K (0.870) = & 2 % (0.857) > T
i (0.855) > MR 56 H (—0.358) > M Xt #h & &
(—0.883) (£ 73 RHH K ZFH L FIMEE
NFEB AR PR VBT TR S &R R4y
SR EEA G BR T SR AT R E R

(] 52 60 OG5 AR BE 49 AR X 4R AR 2 (] L T A
s oA H A A% 6 B 5 R T BRI AR FE B R G
SRRSO Y R EP S E R T B ER )
R BRI W A A0 &y e A A A IR AR L R TR
TRRF T B M Al AR AR B (e 2E R R
KA 2T R, BT LLp 2 Z 1] 5 B SR GG &R

RT FRREEERMNEBMETETFEESRMTFHABERSBEREBETNEXSH

EE 7 REAFH REFR ORFWMECE AR OBK

FR EEE THRE ARE AR ER

RFH 1.000

R 0.857""  1.000

KT 0.972  0.929™  1.000

I 184K 0.929  0.877"  0.947™  1.000

R 0.870™  0.820™  0.884"  0.985"
FK 0.892™  0.835"  0.895"  0.851"
. T I 0.884™  0.831"  0.892"  0.895"
T 0.855™  0.757"  0.845"  0.775"
5 L —0.358 —0.360 —0.372 —0.605"
HIRTEREAR —0.883" —0.962" —0.942 —0.900

—0.6817

—0.841"

1.000
0.790™  1.000
0.851"  0.959™  1.000

0.711" 0.934™ 0.875™  1.000

—0.182 —0.335 —0.071 1.000

—0.858™ —0.873" —0.758™  0.373 1.000
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3.1 it

Tl 10 R 25 3 Rk 2E 3N 07 48 B0 i & b
T B AR A R ) B AR AR AR R RO
ficf 5 o ) S B R R R 0 AR ROIR B . A R
BRI E KR TR R R R KR
B P EORAR RIE Y R m R
AR BEE HA W RS 88m, per 28
THERAS & 46 AR X B AR K i A bR R R
T2.T3 R4, T4.T1IRZ,CK ik, 2 B it
JEIEIER, AR A & T CK A3, 5
FEABFFE— 2. DL T2 kb BEACR B b HOAR E L i
K. WFSE A B, 3 A R HE TR Ak 32 T 8 A 4R T
B ¥~ PR BR A 7 1Y AR A ) RO AR A RO, T
BER SRR E R B K E E S ARGk
BARMET Y LR YRR E R
CHF 2 FN A HED 2 AE ) d5 I 55 104 I 38, T 46 52 il &)
B AR R B R T Eh b 2
A X VE W) AR 2R 5 3 8 5 T RE 1Y T 0 5 e D) R
A= BRI RE BRI R DT R e B gl v Y
KRB NIA AN G ALK, B R W

i Joh A0 48 5 0 o] e 2 AR T RRVRD T R S IR
TR ZE 0 5 300 A K Ll S8 R 8 R AR AR
hROGAEN W5 R W AE IR #2 %5 T NaCl i 38
NHEUNF T RIS R K. AR R,
TE SA b BECER B IE) T, BT 2R T RR AR T A&
REPE Y 25 PR AR 32 B T IR I A B R 2 )5 A
AR T RE A F IR, 55K
IG5 MBI 5T — B0, FLIGS M R A B S SR 75 B R 7 1
V& L AR NG o N T AN 7 TR e o £ S ]
S A E R R DG PN A AR A o R B
R VR P B o T IR 0 EOR A B AR RIS
73 FIVAE o 6 5 8, LGS R IR 34 B 0 3 4 A b i 3e
NKREL AR AT B N 2 4 AR e
ARG 6 55 300 g, ULV if R e AR 55

FEOKT R FAE 20 %6 LA I by e T M RO
ARWFFE SA Ab PR 2 A S0 PG 5 1L e T G R
FLHIRFRKT 30% LA L. SAT1—SATA 43
JE A [ e B2 1 S AR R, FL R 3 ROF B & A 7
1 R A B[] 4 KT IR, LB 5% 3% I e 2 e
P AR A0 T R R AR A % i
306 PR RRA A A B 1 b SAT2 %
fiff ER B 38 RSO BT AR R K 4.15 em, 5 SA
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AH PR S LU B AR T 43.61 %0,
3.2 #ig

I A PR 9 o T 0 R O T RR R P Y
W RN &I B AR A L LT AR R 34 RT3 5 AR ) K BT
ERmEa . g A5 R R WL FE 50 mmol/L IR A
AR R L 100 me/L JE AR A SRR T
AR M 38 X B T 2R R R T R Al AR R
A0 52 W, B2 R B - R RO W AR AR A&l
A K AR bR L I SR BT IT TR A TR R A
Ferp A S R T TR BRI R AR R TE AR ) AR
7 I T R A — 5 Y P A
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