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Effects of Humic Acid on Seed Germination and Seedling Growth of
Haloxylon Ammodendron Under NaCl Stress

Wang Bin'?, Li Chengzhi''**
(1.College of Ecology and Environment, Xinjiang University » Urumgqi , Xinjiang 830046, China ;

2.Key Laboratory of Qasis Ecology of Ministry of Education, Xinjiang University » Urumgqi » Xinjiang 830046, China ; 3.Xinjiang
Jinghe Observation and Research Station of Tem perate Desert Ecosystem . Ministry of Education, Jinghe, Xinjiang 833300, China)
Abstract; [ Objective ] The effects of humic acid on seed germination and seedling growth of Haloxylon
ammodendron seeds under NaCl stress were studied in order to provide technical supports for ecological
restoration in arid mining areas. [ Methods] Germination and seedling growth of Haloxylon ammodendron
seeds were measured under five NaCl stress concentrations and five humic acid additions. [ Results] Application of
humic acid at appropriate levels significantly increased seed germination rate, alleviated salt stress during the
seed germination, increased the growth of primary roots, and reduced seedling damage caused by salt stress.
Under 1.0 mol/L NaCl, humic acid at 700 mg/kg produced the best alleviating effect. For this treatment,
germination rate, germination potential, root length, fresh mass of young roots, and dry mass of young
roots were 10%, 11.12%, 1.77 cm, 4.84 mg, and 4.03 mg, respectively, greater than observed for the
control treatment. [ Conclusion] Humic acid can be used as a regulator of seed germination and seedling
growth in the ecological restoration of arid mining areas. Humic acid has good potential for use as a regulator
of saline soils in arid mining areas.

Keywords: humic acid; NaCl stress; Haloxylon ammodendron ; seed germination; seedling growth
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NaCl ¥ B A0 # T AR AR B B AR BL R 1 iR,
XA L, B % NaCl ¥ ¥ T+ 8RR A7 8 & 2
PR ZER VYR R TR SR B R
Hor,0.1 mol/L NaCl ZhH TR AR T 719 K 25 R &
FHPHRFRF RFRAE CK 2R AL E
(p=>0.05);0.3~1 mol/L NaCl &b ¥ i & 2 % & #
PR 2 R S BRI (»<<0.05) 51 mol/L NaCl
AR R ZE R ZER PR ZEH R R F R
B CK 2l FEAIE T 43.34%,46.66%,12.38,18.51,
WAk, B E NaCl vk B2 /Y I, AR 12 Fh 8 & /9 A
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Table 1 Effects of different concentrations of NaCl on seed germination of H. ammodendron

NaCl ¥ £/ (mol « L™1) KR U RS0 ¥ 2 R KR HXHER 4/ 0%
CK 83.3340.027 67.78£0.016" 21.9440.662" 34.20%1.888" 0
0.1 71.1140.057* 56.6740.047" 19.4241.482" 38.41%2.954° 8.58
0.3 60.0040.098" 47.7840.113" 16.18+3.264" 31.7748.181" 22.86
0.5 62.2240.087" 46.67+0.119" 16.60+2.951" 30.524:8.627" 20.01
0.7 54.4440.083¢ 38.8940.057" 14.2542.089 23.6343.713" 30.01
1.0 36.6740.047° 24.4440.057¢ 9.56+1.286" 15.69+3.493° 52.85

TE BE P AR DR s RIS R /NG G2 B 0K 4% Ab B ) 22 53 4825 (p<<0.05) . Rl

2.2 HAs KEXRE T F AN

HAs jifi HXT R R A8 K AW W, ok 2
AL, B HASs Bt 19 38 m . AR A 1 K 2R R
POV R E R AR F BRI R R
400 mg/kg HAs AbBEA), R R B F L ZE LR,
B R AR R PR B B (p<<0.05), % CK
AR 4 E 13.34%,11.11%,3.43,6.29, 100 Al

700 mg/kg HAsKEFR B, 42 42 F 1 1Y - 35 e 2 3 2 0
KEREE CK 273 A8 (p>>0.05);1 000 mg/kg
HAs 2 PR R T 7 & 25 3 R 20 38 P 1 R 2 R
REFFREU CK 43 B AR T 12.22%6,5.55% . 2. 88,
5.57, FHUILH] UL, Fh—F 75 Wi & B BL 5 B — & 9 3541
Jit FFY 345 S 1 8 L R e b 3 R R AR R A I L T
R 22 A 2 R R R

R2 ARAREEEHBLEXNBRMFHENFM

Table 2 Effects of different concentrations of humic acid on seed germination of H. ammodendron

HAs ¥ % /(mg » kg™") KRR/ % RIFEH/ % K 2R R KR
CK 83.3340.027 67.78+0.016" 21.9440.662" 34.20+1.888"
100 93.3340.027% 63.334£0.054" 23.54+1.143" 37.1742.735"
400 96.6740.027° 78.8940.016° 25.37+0.700° 40.49+1.312°
700 87.7840.016" 60.0040.027¢ 22.2240.516" 33.6541.304"
1 000 77.7840.016¢ 55.564-0.016¢ 19.06£0.340° 28.6341.296°
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2.3 NaCl #1 HAs W E &= X8 # # F 85 & 80 %
XF NaCl fil HAs 520 T BB M 7 & 28 k4
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Table 3 Two-factor ANOVA analysis of NaCl, HAs and their interaction on

percentage of germination indicators of H. ammodendron

2% T i KRN RS % V- e 2 AR RAFHREL

F P F P F P F P
NaCl 5 160.819 0.000 60.815 0.000 87.148 0.000 57.684 0.000
HAs 4 17.206 0.000 5.71 0.001 11.715 0.000 4.011 0.006
NaCl X HAs 20 1.176 0.036 0.873 0.026 1.105 0.039 1.086 0.038
w® % 60
B 90

NaCl 5 HAs B Z %t 42 42 F ] & 1 52 i 4
K1 PR,
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Fig.1 Effects of different humic acid (HAs) treatments on germination rate, germination potential, mean

germination rate and germination index of H. ammodendron seeds under NaCl stress

Wit JH 1 000 mg/ kg HAs b, B0 Bl % 28 %
ZEIH AL T 0.5~1 mol/L #— NaCl il &b B8 F
RMF I & ZEF ., 1F 0.1~0.7 mol/L NaCl ¥ &
T HASs i X R R A7 % 25 A B R THET E 8

WEER(p=>0.05), £ 1 mol/L NaCl ¥ F ,400 FI
700 mg/kg 1Y HAs Jiti F G842 T R Fh 7 & 28 3, 11
700 mg/kg WA T b, P T 11.12% ;1 000 mg/kg
W) HASs Jiti B U 25 B IR M 42 Bh & 2F 5. HASs s H
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LMW JEFERRAT NaCl P30 T MR B 1 8 % K 4l A K B9 52 99

MR AR Tl 7 25 & 25 R K 2R 38 B0 A S TR
AYEk s, HE HAs Y BEHG N 28 fifk 550 R 5t B Se 3% I s
TR #EE, i 100 ~700 mg/kg HAs B34 fE 42
e B - 14 7 18 ke 2 TR R R 2 4R B, o 400 AN
700 mg/kg HAs jifi XA [/] NaCl ¥ BE T #8242 +
¥ K 25 TR R ZE B0 8 A VR B s fE 0.1 A
1.0 mol/L ¥ NaCl it T #A4E i 3 22 5 (p<<0.05) , i
1£ 0.3~0.7 mol/L NaCl il T J0 & % 22 5% (p=>0.05) ;
1 000 mg/kg HAs Jifi FH W 23 B AT 359 & 2F o 2 0 & 2F
F8 50,7 1 mol/L NaCl ¥ £ T i AR (p<<0.05),
A AR B (<700 mg/kg) B9 HAs jifi X NaCl
38 R R AT W R EL A R VR AR B R R D
TFHERFER KRR SFHRFEE K ZFRE L
700 mg/kg B9 HAs Jits R R 884,
24 NaCl5 HAs WEEXMBRBROBERKNEYDE

B % )

HORAE ) F2E SR A8, B [ AR 4 A oK
Gy W TIRE » HLAE IR B0 B B2 5 W 5 AR ) A K AR
mIE 2 850,78 6 HAs(O mg/kg) i G ST . bl
NaCl ¥ B i AR W 1, 42 42 40y 1 AR A= K 32 3 b 35 41
il (p<<0.05) . 4 NaCl ¥ 1 mol/L i, AR 41
RER CK 4545 3.91 ecm., HASs Jiti FH 88 2% /i NaCl
JEXTAR YR AR I EIE R B E HAs B 1
B AT NaCl ¥ B R R H AR K 2 —E 1)
B Hovp i F HAs &8 8 700 mg/kg i, 4% NaCl
WERE T I M2 M2 4l AR 4 K MR B R R E 0.7 mol/L 1Y
NaCl ¥ B 3 e e KL WK T 25.47% . Mg i,
Jiti A 1 HASs BB 8 42 M2 4R G AR I A 4, DT 1
PR ARG NI BE I RE J1 . Hii 700 mg/kg HAs B9
ST e

HAs}iE Fi &
127 B CK 400 mg/kg
[J0mg/kg M 700mg/kg
10t 1100 mg/kg E= 1000 mg/kg
g 87
L2
B 4l
i
=gl
2L
0

NaClik E/(mol + L)

2 JEFEE (HAs)Xt NaCl BB TR R F F 4 iR 2 I
Fig.2 Effect of humic acid (HAs) on young seed roots of

H. ammodendron under NaCl stress

HAs Jiti X2 42 &) 1 AR A2 9 kA5 B b 52 ),
&l 3 iz o B NaCl i B35, 42 4R 4 AR fif o FIAR -+
BIARWik /b . NaCl Wrin x4 4 15 A= i i 3 K B
H—EMHAVEM . 1 mol, LNaCl Zb¥1F , 4y i 4l fef T
FIRR T~ FE 30T B A3 ) B AR T 66.67 %0 Fll 61.40 %, Jifi
FHIE 4 1 HAs 7 IZE M NaCl 30 5t 42 12 40 1 H 2:
Ky m, Hd, 700 mg/kg HAs jifi I X A [d] NaCl
e RE TR AR AR 4 MY B R 4 AR T Y 92 R AE R
B3 (p<0.05), Y HAs Figt KT 700 mg/kg i,
B L AR B O L AR T WO B R B, i i
700 mg/kg HAs Jifi H 5 g 2% it NaCl [ 301 % 42 12 %))
B AR K B ), AR 0 R A ORI 3R 4 B WM, AT %
fife 2 Jolp 3 1 4

HAsHE &
[ 0 mg/kg 400 mg/kg
0 100 mg/kg M 700 mg/kg
%‘) bey ab ba E= 1000 mg/kg
H
L
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2
e
H_
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NaClik E/(mol * L)
3 B (HAs) &3 NaCl B T
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Fig.3 Effects of different humic acid (HAs) treatments on
biomass of H. ammodendron seedlings under
NaCl stress
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AR LA P S B AR I A S BUE BT, RIS
7R B NaCl ¥R BE () b F- AR Fh 45 W R 48 b2 2
FrE#B#HE(FE 1), Zhumabekova 20 i 58 & B,
WA T AE NaCl ¥ N 0.00~0.06 mol, L i1} B
AR KR (C>76%), 24 NaCl ¥k & 17+ 5] 0.80
mol/L B, #] & %R 2 208 T B 3 X 5 A58 56 19 0F
FEAERANFF 3 0] RE S B TR (7] -l DX A 90 b - 76 25
BTSN N =g OB N Y N N S R 3 bl G R P e

) ST (1 i T | E0) e G o N S o B
b2 B B AR 15 i 0 2% 6 W 3 ) BT R R4
WL B R B T E L, AR
IRBEAAE T A R AR 09 D40 % Rb - 32E 47 b 2T DA
R 8 AR A B R R ERE . ROk, A
A7 % BRAR ) Az K 5 00 T B 2 S X — H BRI A 2K

BARSY . VFZRRSEE TN B B AT LAY SR AR )

Xof B 35 I ) S5 ) W L 2D X AT B T 3R W, e
A W) 6T BE WY BN . A B SE R . << 700 mg/kg
HASs Jii ¥ B8 2% it NaCl JHp 38 XJ 42 42 - 8 & () 41
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JHL AT BN K NaCl e, B AR A2 48 b 1 19 B & %
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Jiti T NaCl 38 T 42 42 Fh - 87 & 28 1 22 i 1 1 A
I, MeAh . HAs Bt ] 68 2 % 52 i 3 i~ %
Tt S 25 35 1 34 28 TR A R - i e,
FPE 1 mol/L NaCl ¥ F,700 mg/kg 1 HAs Jifi
X BR AR A - 2F ORI SF- 38 e 2 AR R T R8O F ol W
L, B 5.56 %0 F0 1,98, XX R4 X Al T i &
EwEE, TRXEEWED, H 28R, FHon
ERER M FOLAREY 5K, 5T 0 M
4 fe - TR R I A e R R FE A R AR
A it P3G 7 HAs ASUAT RAYsk 2% NaCl [y X 55
B AT S e, Ao, AT 447 S R W B ) A 80K R
T o 18 5 40 T R

W) R IBOK 43 SR 43 1) BE AR R AR BE b Tk T
R AERKIEE KE P RED Ak & &M
fiif £5 Wy 361 g ) HLAT AR DY L AE £ R A
T AR R XTI 3 5 A S Y RS2 B ol ORI AR R
A KAF O 516 JPIRGOK B3 e MY A KA .
BFRG K7 moKF, BRI R L A R
it HAs AR D) $ 2 46 ) 45 4 B 1 2 SR o
i, [ SR A . AR HAs fig
T BN AR A W A A A T 22 A% NaCl i
X RAR A i A B IR . 24 NaCl W JE R
0.1~1 mol/L i, i ] HAs 335 ¥ 82 2h # B 52 2 14

MO A G AR L B HAs ¥R (0 5 n 2% f# AV
RN D B #, HAs it 4 700 mg/kg
A R A, Turkmen 28 AV BF 58 £ B, 76 5 b
R HAs 23 38 0 3 i 4 v A0 B HLaE ek
BER) HAs XF &R W38 (9 2l /5 FH 5o W1 &5 Khaled
U E T e i 4 T AR K OR R HASs Ab B
V14 Wi 7 o %5 SR ¢ I A A ViR B A, RIS I R e o ok
B HAs WIAREEHMP AR, X SAMROLEREA
AU . T2 XK, 28 K & ok, 3 3% K 5y
AR, B S B i Rk R AE K ZBE. HAs it
FHASAN BB 42 5 Bl 7 87 A& S5 i & o %, 38 BE A 1F 4 i
A AR R XA R TR AR R LR Z
KAy 58 478 2 Z A FLAR B BRI 32 PO R
Ko KB SR SE MR R &) v 0 S L kA, TR
DX - e A B0 . L8 R, HASs 1Yt FHAS X RE ek
2 LT W H AT DO R R A KRR R
TR L XK R T T AR A 0 T LR Kbt
b W38 BE T . I HR T T ST DA B R R

25 bR TR MR R I HAS R A BE 2 i £
oip 300 6T A2 0 ol = W 1 41 1 8RR R R, T L
Xof AE 1 B AR R AT A A R K AR T R
X F TRy R EgEESAESBEAAERER
Mo TR 5B A o 2R L B AR B A K
Gy AR K AR L BE ) 22 S R, HAs Byt e
fig 0 PR R HOK R R i e R R AN
RO 7 B3 A 2 R R - S 4 BEPE I A [ B
T 7 AR 5T 0 WSO K 2R 8 R AR i A A
T AL 2R . Bribz b HAs BA7 #4774
Gy VT 7K G5 A A5 05 B 3 8 R B 38 T B R AT
JiH . TR AESAEE R b R R 4 RN 3R 4 5 i )
WA KAy IR EE RO A 2 R 2 R L R E
FHXT Rl W & (952 A3 Ff T fE— D4R 5T .

4 5w

AHIFFE W it P B R R Y HASs Al 22 i NaCl
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