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Optimum concentration of different bioactive substances to
improve the germination and salt tolerance of maize seeds

WANG Chenxia. REN Rujia, CHANG Ruixue, MU Kangguo” , CHEN Qing

(College of Resource and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract In this study. the effects of single and combined bioactive substances (Seaweed extract. humic acid,
diethyl aminoethyl hexanoate and brassinosteroid) with different concentrations on maize were compared by seed
germination experiments. And their effects on improving the salt resistance were then analyzed. The results showed
that: With the increasing of the bioactive substances concentration, the germination of maize seeds and seedling growth
showed a trend of first increasing and then decreasing. The optimal concentration range were 8 — 10 mg/L diethyl
aminoethyl hexanoate, 0.50 — 1. 00 mg/L brassinosteroid, 200 — 400 mg/L seaweed extract, 10 — 15 mg/L Humic
Acid, 0.50 — 1. 00 mg/L brassinosteroid and diethyl aminoethyl hexanoate compound and 0.10—1.00 mg/L
brassinosteroid and humic acid compound, respectively. Among them, the compound brassinosteroid and diethyl
aminoethyl hexanoate had the best growth promoting effect on radicle, and the compound brassinosteroid and humic
acid promoted the growth of hypocotyls best. All the tested bioactive substances could significantly improve the salt
tolerance of maize seeds, of which brassinosteroid was the most effective one. In summary, the application of a
suitable concentration of bioactive substances helps to promote the germination and root growth of maize seeds. Not
only does the length of the main root increase, but the number of lateral roots also increases significantly, thereby
improving its salt tolerance.
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Table 1 Appearance, active ingredient content rate and

pH of selected bioactive substances

AYEEYR BRRE RS AR/ %
Bioactive Material Active ingredient ~ pH
substance status content

SW PR RERTLS 30 4.5

DA-6 FLAEB R 98 7.3

BR EREREN 1 7.6

HA HAAK AR 98 8.5

T SW i 32 s DA-6 ik 8 i s BR 25 H R NAR s HA MR A .
TR,

Note: The same below.
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Table 2 Concentration of selected bioactive substances

mg/L
A= W 3 M I i
Bioactive
Concentration
substances
SW 200 400 800 1 600 2 000
DA-6 1. 00 8. 00 10.00 15.00 60.00
BR 0.01 0.05 0.50 1.00 10. 00
HA 1.00 10.00 15.00 20.00 50. 00
HH1 0.10 0.50 1. 00 5.00 10.00
HH2 0.01 0. 10 1.00 5.00 10. 00

®3 HIEYBEBEYRHERKRE

Table 3 Concentration of bioactive substances on

polymer-coated seedings g/L
AEE7/RTRS
7018 [t b e B
Bioactive Concentration
substances
SW 0.1 1.0 2.0 4.0 5.0
DA-6 2.0 5.0 10.0 15.0 20.0
BR 0.5 1.0 2.0 4.0 5.0
HA 0.1 0.5 1.0 2.0 3.0
HH1 0.5 2.0 4.0 8.0 10.0
HH2 0.1 0.2 0.4 0.5 5.0

VES VR I B TR T T = 5 3R PN TR A VAR S R T P AR
25 R N R e 5 TR 52 O RN 25 35 R N TR 5 T AL TR
PR IO P (R 2), JE47 12 Fh A B, 2808 K AR Sy X
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i Microsoft Excel 2007 &b ¥ %% 35 M il &, A
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Table 4 Effects of different concentrations of bioactive substances on maize seed germination

Jo e R B/ K % KHER/ N REFEE  WOEE ERK/mm K /mm

Tri:t}fent (mg/L) Germination  Germination  Germination Vigor Radicle Hypocotyl
Concentration potential rate index index length length
CK 0 80.3 b 85.0b 36.9b 78.4 ¢ 196 b 114 b
DA-6-1 1 84.3 b 87.0b 40.9 ab 79.2 ¢ 197 b 114 b
DA-6-2 8 86.4 a 94.0 a 42.9 a 88.0 ab 209 a 130 a
DA-6-3 10 93.7 a 95.2 a 44.9 a 92.5 a 207 a 127 a
DA-6-4 15 88.5 a 92.0 a 43.9 a 85.0 ab 197 b 121 ab
DA-6-5 60 60.0 ¢ 90.9 ab 38.9b 84.0 b 198 b 108 b
BR-1 0.01 82.4b 85.0b 38.8 a 80.6 b 208 b 132 a
BR-2 0. 05 83.3 b 88.2 b 39.9 a 82.0 ab 212 b 130 a
BR-3 0.50 85.7 a 90.0 a 41.5 a 89.9 ab 216 b 132 a
BR-4 1. 00 81.0 b 92.5a 40.3 a 95.5 a 237 a 135 a
BR-5 10. 00 69.9 ¢ 60.5 ¢ 3.9 b 66.6 c 209 b 111 b
SW-1 200 83.3 b 85.3 b 39.9 b 89. 4 ab 227 a 137 a
SW-2 400 88.0 a 93.0 a 42.7 a 96.9 a 224 a 133 a
SW-3 800 85.1a 92.7 a 41.1 a 83.0b 202 ab 119 b
SW-4 1 600 80.7 b 88.0 b 39.0b 78.0 ¢ 201 ab 119 b
SW-5 2 000 79.0 b 81.1b 37.9b 76.2 ¢ 200 ab 111 ¢
HA-1 1 89.3 a 90.0 a 42.6 a 93.6 a 209 a 115 a
HA-2 10 90.0 a 91.0 a 43.0 a 91.0 a 206 a 119 a
HA-3 15 73.0 ¢ 76.0 ¢ 35.2 b 72.3 b 211 a 122 a
HA-4 20 73.2 ¢ 75.2 ¢ 35.1b 66.7 b 190 a 120 a
HA-5 50 65.0d 75.7 ¢ 34.5 b 42.8 ¢ 124 b 106 a
HHI1-1 0.1 85.3 a 89.3 a 41.3 a 76.8 ¢ 186 b 121 ab
HH1-2 0.5 88.0 a 90.0 a 42.2 a 104.8 a 248 a 128 a
HHI1-3 1.0 80.2 b 87.7 a 39.1a 116.9 a 299 a 129 a
HHI1-4 5.0 64.0 ¢ 79.0 b 32.8a 72.2 ¢ 220 ab 128 a
HH1-5 10.0 65.1 c 60.5 ¢ 30.3 a 62.0d 251 ab 116 b
HH2-1 0.01 80.9 b 89. 3 ab 39.7b 76.8 b 249 ab 127 ab
HH2-2 0.10 83.3 b 93.0 a 41.1 ab 104.8 a 275 a 153 a
HH2-3 1.00 88.2 a 94.7 a 42.9 a 101.7 a 237 ab 136 ab
HH2-4 5. 00 87.0 a 88.0 b 41.9 a 72.2'b 234 ab 128 ab
HH2-5 10. 00 79.5 b 83.3 b 38.3b 62.0b 198 b 114 b

TE < AN ) 528 36 7 [ — ) 0 () R [ ok 38 ) 2 536 P<<5 6 35K . Tl

Note: The different letters mean significant differences for different treatments (P<C0.05). The same below.
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Table 5 Effects of different coating bioactive substances on the salt tolerance of maize seeds
b3 - JoT 2 Wk g/ KEFH RER/ Y RFRE 5 146 4K MK/ mm  BE/mm
- (mg/L) Germination Germination Germination Vigor Root Seeding
Treatment Variety

Concentration potential rate index (GD  index (VD length height

CK CK 10.0 2.0c 6.7d 1.6 ¢ 0.6 ¢ 40.0 ¢ 61.0d

1 DA-6 10.0 13.3 b 33.3b 11.1 a 12.1 a 109.0 a 101.0 a

2 BR 2.0 26.7 a 46.7 a 13.7 a 13.4 a 98.0 b 120.0 a

3 SwW 2.0 19.5 ab 33.3b 11.4 a 15.1 a 132.0 a 96.0 ab

4 HA 2.0 13.3 b 20.0 ¢ 7.3 b 7.8 b 107.0 ab 80.0 b

5 HHI1 4.0 20.0 a 26.7 ¢ 10.5 a 12.1 a 115.0 a 76.0 ¢

6 HH2 0.2 9.6 b 19.6 ¢ 5.7b 5.1b 89.0 b 69.0 ¢

T « AN 528 38 7 (] — 4 0 ) A [) ok JBE ) 2 536 P<<526 35K 7. Tl

Note: The different letters mean significant differences for different treatments (P<C0. 05).

20 mm

20 mm

The same below.

20 mm

(a) CK; (b) 2.0 g/L JE# LA} Humic acid, HA; (¢) 2.0 g/L # ¥R Seaweed extract, SW; (d) 2.0 g/L 2EE X N
Treatment 3; Brassinosteroid, BR; (e) 10. 0 g/L J¢fif JJ§ Diethyl aminoethyl hexanoate, DA-6; (f) 4.0 g/1. 2£& & N5 5 Bk fif

fig 1+ 20 J& 4 Brassinosteroid and diethyl aminoethyl hexanoate 1 : 20, HH1; (g) 0.2 g/L

Brassinosteroid ¢ Humic acid 1+ 5, HHI.
B 1
Fig. 1

5 e AN 118 I (AN /N = B Rah 1 KB i
AT AR R A 0. 01 g U R/ ALY
FH AT DU AR AR A L 3 i 25 0 AR ) 1 o
AR, X —Z5 RS AR 5T U R AR v B L
VR S 0 48 AH A Y496 B RR MR <2800 mg/L WA F F
FAFF B & A A K 400 mg/ L B B3 B E K A
Ty AW B Ry 200 mg/ L B AR 3 E R OK A9 AR A
TER . R R T T R R 3 AR A R AR
AR R H AT ). B Ok AT
F 20 mg/L AR AR G HIFR AR 10 %0) 3 Fh, BLAR
K T M AR . 2 R R R B A AR R B B
R R B 5 30 S0 s 08 D ) A ik — vk B AR

EEENE SR 15 RA

AEEYEEMREBEN EXMFREENNIER

Effects of different coating bioactive substances on the salt tolerance of maize seeds

WEFE 1~10 mg/L H A AR T A B 5 9 f 1 e
JEXTRESAERAPIMAT « ZHLMA K, =
H R NIRRT K iR KO A ] e kA 4
F B3R S A0 O, BRI ARME . 425
HE AN ) o B2 1) 25 3 2R A TR R R o 32 L IRk 2
= R R R Y R 2R Rk AR B e it
YERT 0. 015 mg/L 32 P RICR S £ L 45 R W AR T
A5 RO K Ao i 2 AR A K e i R Y IR e i R
0.50 mg/L.iX Al 85 Fr i I A9 F K dh Fifr 6. 1
AT =B R RS R R R A IR A i (HH2)
LU B ORS00 R A AR e B
PR EA R E AR B o Bl I G TR Ik
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(R B T, T KR W & AR KRB B TS T R
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KW E N 8 mg/L BT TR AR 5 A A K
. 2 R N S eER AR G Wl (HHD 5
— W AR L, T R R K AR L v DL R T
W77, AR R EERR S 25 H Z N BRIR A AT R
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) L A8 AS ) B A e 26 R [ A 6
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B o 50 M PE 35 2 B0 B AP i D T R k. L
s 25 5 3R DA TR R B P I — e SR ) AR K
HA MR WA i gl 2 m i R A
POD,CAT FI SOD %5 A 4 U8 4 1l 15 P | 2le 22 241 ffd i
Yy E M AR P 2 SRR E R 1Y) 4 A R T SR HIRAE
oA ES . ALK T . 4.0 g/L BEE R MR
e e G 52 P W 5 15 25 35 3R N TR R Jg i g o 2t 4
LG R ZF R BTG IR B0t B F 2R, R K%
FNE B E T R — Y5, XUl HHL 29 6l
FORBF B R AL A )55 B — W) T R g
7o B R A FE G A & L o TR I bR B R R % Tk
Jiti AR AR 45 A5 2 13z I Ll A B v AR A bR
RE A R0 P 1 SR Ak 17 1, 28 fife 6 535 206 B ol , o
I - r R DA B I AR L 0 T AR R
RN BTN i) R N T W s LI = N N R S e
T2 B 2 T WP AR R 1 ¥ /N TR — W i, b R oK
T 7109 e 2534 R 28R R PR R BT AR ORI
B RNBZER D E HBRE A S0 58
LR 0 TG 3 25 S U0 W A T R R A TR R
BHEAEH.

4 & g

AW E T AE TR 5 SR AF T W 35 IR T it Wk 2
400 mg/L. JE HH B # R 10 mg/L. i #f fig
10 mg/L XHEZMNERH 0. 50 mg/L.AHE XN S
Jiie i i 52 WL VA 0 0.5 mag/ LRI 25 8 28 P i 5 8 Al
M B0 O LV 2 2Ry 1. 00 mg/ L B fe 3 F R K b5~ 1
Ko Horp AR BT R ROR  R  E HROR

JOF R R B . VA R T AR VAR Ol 200 mg/ LB A IR
PRy 15 mg/L. JZ B PR 8 mg/L. & RINHER A
1.00 mg/L. 25 & & W g 5 M & g & Bk 2
1.Omg/L.22 B R W5 5H R 8 &2 Bl ik B4
0.10 mg/L B, X T K B AR A A v 09 4 i AR e
UF . SCJE Y 25 8 3% P R 5 e 6 i 0 R AR 1 412 2E 2
Hfefl E RS 0025 5 2 N R -5 5E R 41 0 I il i
PRI Al UL S E RN 2 M E R
A LT B — W o AR AR AR

ZIEFLWR Y 4 B A Wi I K 2 R R TG
A B 5 B BE X ER WAl R R OR AR A B &k R
M, H R 25 3R R X ROR R 1 & 2R3 R 2R
R 2R BORH 1= 0 AE FH A8 S5 A | 96 95 19 4 K
T AR A RO A AN AR T R R AR A K
FE AR BB g EL AR B B I £

AN TR) A 0 3 0 B R SR 1 I T % AR SR
I = AR Wit 01 6 2 v N RE L Ak 24 R R
fiff R A 3 R VBT Ak o) AR AL TR R SR B T HL X T
Wil A b, A 18 R 57 Ak R B0 1 5 K R Ak A 4 1) AR
KA B EENE S AR TR Y 7+ W 38 B 5T A
A7 FF 008 A 2R Ak AR B AR B
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