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Abstract: To investigate the effects of carbonized solutions on seed germination and seedling growth of
Sorghum bicolor X sudanense under NaCl stress, the carbonized solutions were prepared by using
engineering aquatic plants Ceratophyllum demersum Linn. and Vallisneria natans (Lour.) Hara, and the
effects of two carbonized solutions and their dilution ratios on seed germination and growth and
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physiological indexes of seedlings of S. bicolor X sudanense under NaCl stress were explored. The results

show that within the range of 0—16 g + L™' NaCl, the germination rate, germination potential, and

germination index of S. bicolor X sudanense seeds decrease with the increase of NaCl mass concentration,

and the germination rate is only 5.6% under 16 g + ™' NaCl condition; the salt tolerance adaptive mass

concentration, salt tolerance semi-lethal mass concentration, and salt tolerance limit mass concentration
at seed germination stage are 4.00, 8.03, and 15.06 g - L', respectively. Under 4 g - L™' NaCl
condition, the addition of carbonized solutions of C. demersum and V. natans ( dilution ratio 1 : 15) have
no significant effects on the germination potential, germination rate, and germination index of S. bicolor X
sudanense seeds, but significantly ( P<0.05) promote the shoot length and root length in general ; after 10
and 15 d of treatment, the shoot length and root length of the carbonized solution treatment of C.

demersum increase significantly compared with those of the carbonized solution treatment of V. natans.

Under 8-16 g + L' NaCl conditions, the addition of carbonized solution of C. demersum ( dilution ratio
1 : 15) significantly increases the germination potential, germination rate, germination index, shoot

length, and root length of S. bicolor X sudanense seeds in general. Under 8 g + L™' NaCl condition, the
addition of carbonized solutions of C. demersum diluted at the ratios of 1 : 15 and 1 : 5 both significantly
increase the height, root length, stem length, leaf length, total fresh mass, fresh mass of above-ground

part, fresh mass of under-ground part, and root/shoot ratio of S. bicolor X sudanense seedlings compared

with the control, and significantly decrease the superoxide anion content, catalase activity, and soluble

protein content. In conclusion, under the relatively high mass concentrations of NaCl stress, the addition

of carbonized solution of C. demersum significantly promote the germination of S. bicolor X sudanense

seeds, effectively reduce the oxidative damage of S. bicolor X sudanense seedlings, and then alleviate the

stress of NaCl on seed germination and seedling growth of S. bicolor x sudanense.

Key words: Sorghum bicolor X sudanense; carbonized solution; NaCl stress; seed germination;

seedling growth
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Mineral element contents and pH values of carbonized solutions of Ceratophyllum demersum Linn. and Vallisneria natans

AL HHE/(mg- L") Content oH {if
Carbonized solution Fe Mn Cu 7n Mg K Na TOC TON pH value
CDh 549.390 0.715 0.002 0.006 67.024 3.920 486.070  98.430  1433.00 431.60 7.19
VN 8.220 0.054 0.002 — 34.762 0.732 690.260  302.160 1453.00 389.10 7.61

D CD. 4 fh: Ceratophyllum demersum Linn.; VN W5 Vallisneria natans ( Lour.) Hara. TOC: S HL#K Total organic carbon; TON MAPLA Total
organic nitrogen. —; KT 0.001 mg - L' The content is less than 0.001 mg + L',
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Table 2 Number and relative content of each kind of metabolite in carbonized solutions of Ceratophyllum demersum Linn. and Vallisneria natans

(Lour.) Hara

M1 M2 M3 M4 M5 M6 M7 HAlh Others A3t Total
CS
n C/ % n C/ % n C/ % n C/ % n C/ % n C/ % n C/ % n C/ % n C/ %
CD 89 31.93 55 25.19 28  19.78 27  13.49 23 5.10 15 2.09 10 1.25 11 1.16 258 100.00
VN 89  31.00 54 24.03 28 18.59 27 16.08 23 4.76 15 1.72 10 2.63 11 1.18 257 100.00

DS, mALWE Carbonized solution; CD. 43 Ceratophyllum demersum Linn.; VN ¥ % Vallisneria natans (Lour.) Hara. M1 AR 4> TF
Lipids and lipid-like molecules; M2: A HLZ<I LA H) Organoheterocyclic compounds; M3 £ HLAZ K& H A4 Organic acids and derivatives; M4
KA S Benzenoids; M5 HILEESY Organic oxygen compounds; M6 TN 2R 2 Phenylpropanoids and polyketides; M7, A s
S HAT A9 Alkaloids and derivatives. n: $UE Number; C: X} & Relative content.
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Table 3 Effects of different mass concentrations of NaCl treatments on seed germination of Sorghum bicolor x sudanense (X+SE)"

RIFH/%

Germination rate

NaCl Bt/ (g - L") RHEHRS %

Mass concentration of NaCl ~Germination potential

0 64.4+3.9a 97.8+3.9a
2 47.8+5.1b 84.4+5.1b
4 44.4+1.9b 76.7+8.8b
6 33.3+5.8¢ 60.0+6.7¢
8 23.3+5.8d 50.0+8.8¢
10 7.8+1.9e 33.3+3.3d
12 6.7+3.3ef 30.0+5.8d
16 0.0+0.0f 5.6£3.9e

KRR HIXS b /% RS B 2524/ %
Germination index  Relative salt damage rate  Relative germination rate
27.4+0.8a 0.0+0.0e 100.0+0.0a
21.5+2.0b 13.7+5.2d 86.3+5.2b
19.9+1.8b 21.6+9.0d 78.4+9.0b
15.5+1.3¢ 38.7+6.8¢ 61.3+6.8¢
11.2+0.9d 48.9+9.0c 51.1+9.0¢
6.7+0.9e 65.9+3.4b 34.1+3.4d
5.4+0.8e 69.3+5.9b 30.7+5.9d
0.9+0.2f 94.3+3.9a 5.7+£3.9¢

D [F3) R [FINE TR R 22 57 35 (P<0.05) Different lowercases in the same column indicate the significant (P<0.05) differences.
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Table 4 Effects of carbonized solutions of Ceratophyllum demersum Linn. and Vallisneria natans ( Lour.) Hara ( dilution ratio 1 : 15) on the
germination of Sorghum bicolor % sudanense seeds under 4 g - L™! NaCl treatment (X+SE)"

RS/ B K % REFHRE ZfK/em  Shoot length K /em  Root length
C CS Germination Germination  Germination
potential rate index 5d 10d 15d 5d 10d 15d
0 CK 70.0+6.7aA  90.0+3.3aA  27.0+1.0aA  1.09+0.34bA 3.41+0.75bA 6.02+0.53bA  0.23+0.05cA 0.35+0.11bA 1.03+0.22cA
CD 63.3£9.4aA 90.0£0.0aA  25.3x1.9aA  1.16+0.29abA 3.93+0.87abA 9.05+0.50aA 1.31+£0.44bA  3.78+1.34aA  8.74x0.83bA
VN  65.6+8.4aA 85.6+5.laA  25.2+2.0aA  1.33+0.46aA 4.28+1.25aA 9.16+£0.78aA  1.59+0.55aA 4.30+1.0l1aA  9.67+0.98aA
4 CK 51.7+2.4aB 70.0+5.8aB  19.8+1.3aB  0.65+0.16aB 1.17+0.34cB  1.88+0.12¢cB  0.19+0.04bB 0.29+0.16cA 0.43+0.07¢B
CD 40.0+8.8aB  74.4x11.7aB 19.5£3.3aB  0.79+0.30aB  2.44+0.55aB 6.26+0.57aB  0.90+0.34aB 2.38+0.66aB 3.28+0.54aB
VN 44.4+19aB 64.4x5.1aB  18.5+1.4aB  0.65:£0.30aB 1.71+0.43bB 5.02+0.53bB  0.74+0.36aB  1.76+0.39bB  2.43+0.51bB

D' C. NaCl i B ¥ Mass concentration of NaCl (g- L! ). CS: &AL Carbonized solution; CK: X & The control; CD: 4 ff Ceratophyllum
demersum Linn.; VN WL Vallisneria natans (Lour.) Hara. [a] 51 Fr A [R] NG bR S [a)— ik NaCl AN [R) e Ak 7 Ak 381 ) 92 55 5 2 ( P<0.05)
Different lowercases in the same column indicate the significant ( P<0.05) differences between different carbonized solution treatments with the same
mass concentration of NaCl; [R5 HrAS [R] K E A 7w [R] — B AL A TR B s Mk B2 NaCl AR B[] 22 53 1 3% ( P<0.05) Different uppercases in the same

column indicate the significant (P<0.05) differences between different mass concentrations of NaCl treatments with the same carbonized solution.

£S5 SERRUB(HRILS 1 :15) W AERERE NaCl RETHAEMFHENKM(XSE) Y

Table 5 Effect of carbonized solution of Ceratophyllum demersum Linn. ( dilution ratio 1 : 15) on the germination of Sorghum bicolor x sudanense

seeds under different mass concentrations of NaCl treatments ( X+SE) "

c cs L& = A KEFH %o KRR #K/em MR/ em
Germination potential Germination rate Germination index Shoot length Root length
0 CK 67.8+5.1aA 91.1+3.8aA 26.8+2.4aA 5.90+0.59bA 3.90+1.19bA
CDh 71.1£7.7aA 95.6+£7.7aA 28.1+2.3aA 9.23+0.88aA 8.90+1.98aA
4 CK 41.1£1.9aB 80.0+6.7aB 19.7+0.7aB 1.61+0.15bB 0.20+0.05bB
CD 46.7+3.3aB 78.9+5.1aB 21.2+1.8aB 4.12+0.70aB 2.06+0.53aB
8 CK 27.8+3.9bC 61.1+5.1bC 13.7+1.2bC 0.98+0.20bC 0.17+0.02bB
CD 47.8+6.9aB 73.3+3.3aB 19.0+1.7aB 1.64+0.13aC 0.53+0.10aC
12 CK 8.9+1.9bD 41.1+£3.8bD 6.7+£1.4bD 0.33+0.09bD 0.13+0.02bB
CDh 20.0+5.8aC 52.2+1.9aC 10.8+1.8aC 0.92+0.15aD 0.46+0.08aC
16 CK 0.0+0.0bE 5.6x1.9bE 1.0+0.6bE 0.21+0.06bD 0.12+0.01bB
CD 6.7+0.0aD 26.7+3.3aD 4.3+0.6aD 0.44+0.07ak 0.28+0.04aC

D' C. NaCl i ¥ Mass concentration of NaCl (g- L7! ). CS: &AL Carbonized solution; CK: X H# The control; CD: 4 ff Ceratophyllum
demersum Linn. [F)3 A [EING FREFE R [a]— BB R NaCl A 6] Bk ik Ak 3 5] 2% 55 5 2 ( P<0.05) Different lowercases in the same column
indicate the significant ( P<0.05) differences between different carbonized solution treatments with the same mass concentration of NaCl; [F]51] H R[] K
B A RIR Rl — AL IRAS [R) T w6 B NaCl AR H ] 22 5 18 3% ( P<0.05) Different uppercases in the same column indicate the significant ( P<0.05)

differences between different mass concentrations of NaCl treatments with the same carbonized solution.

T K 4R OB UK T X R A R o T 4
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g+ L7 NaCl 2500 F, 4 35 e AL AL BAD 1 1) & 2
PR RN R ZEHR OB N B IR 3 T &
ZESRYHE R S R 71.9% F1 124.7% , K& 2 R A 38 iR
4350 R 20.0% F 27.0% , K& 2F 5 H 1) 3G 08 43 51 Ky
38.7%H1 61.2% ;{E 16 g - L™ NaCl 544 F , 4 ff e e
AR AL TR0 A 2F 3 R 2 3R 2EHR B 0T BR
2T R R NR ZE AR BB W 3 5 R 376.8%
H1330.0% , 1 BN N 4 f0 35 e Ab TR 448 v Joit o Tk 8
NaCl(8~16 g - L™ NaCl) 254 T 5 14 B A4 b1~ &
AIEHEH,

F % 5 A AT UL i NaCl iR B AL i, 41
FERACALBER 5 PR EORP A0 25K I 2 AR Fh AR
KIEO~8 g+ L7 NaCl Z5fF T 2 E 454, 7£ 8 ~ 16
g+ L7 NaCl Z51F P RBFZS, 7ER— R kE
NaCl S50 T, 45 £ 8 e A0 VAL B - 119 ZF IR
3500t 07 A Xof B SR N 7E 0.4 8 12 F1 16 ¢ + L
NaCl S50F T, 4 £ e e Ak Ak B o 284K A 185 1 43
W1°H56.4% .155.9% 67.3% .178.8% H1 109.5% ,
F 384 1 23 59 4 128.2% . 930.0% ,211.8% .253.8% Hl
133.3% , UiMARERELLA 1 2 15 ()4 1038 % 1k I 7T 9%
fiff e PHELRP B A R AZ B NaCl e Xt 0~ 16
g + L7 NaCl By AL PR R v PR A0 RP 7l &2 10 25 K
AR AR KA W e R
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23 AEHEELGEERERKLE8 g - L NaCl
SETEAESNEEKNEBE

ANTRI R B LU A5 4 e A LI 8 ¢+ L' NaCl &b
MR SR A KIS PR LR 6, HER 6 Al
WL #E8 g+ L7 NaCl Z514F T, Bl % 4 £ 358 I AL VB R
RO | =P8 B R N ) 7 1= RS SN SO L o SO
ik o M AR T | M TS S T AR i Eb R A
SRR, SXTRRA L W EE] 1 : 30 4
BERACAL PR IX 8 N EPR A BTN (B 22 R A
MR H 12 15 F101 : 5 1Y 4 1035 % A i b 3
By 8 MR BRI (P<0.05) 3,

AN [RIRR R LU A5 4 f e e AT 8 ¢ - L™ NaCl Ab

PR S PG A PR bR s i WL 2% 7, R 7 T
. #E 8 g - L7 NaCl 2504 F , Fi BEEL A 1 2 30,1 = 15
FUL + 5 (10 4 fa i ok AL TR A 1A% i P B 4 i A R 2
 (Chl) & i A AL S (H,0,) & & A B Ak
fit} (SOD) 3G PE A SOD Lhid J1 5 BTG i 2% 22 =%, 1M
AT (0;) & & i AL E G (CAT) 1 M Fnn]
VA PER (0 (SP ) 7 2 30T BE G S5 R AR, R 40 31
35.1% ~37.8% 43.0% ~72.7%H1 23.1% ~31.1% ; i B
Ll 1 30 A1 15 94 i AL i AL B CAT L
W GXRTC 2 25 2 AR LU 1 5 my 4 fn ek
IR AL BB CAT LI J7 00T R G 2 AR, [ i oy
51.6%.

x6 TEARBLOAEEERLESTS g - L NaCl B TEAEL & EKIEIRM TN (X£SE) Y

Table 6 Effects of different dilution ratios of carbonized solution of Ceratophyllum demersum Linn. on the growth indexes of Sorghum bicolor x

sudanense seedlings under 8 g - L™! NaCl treatment (X+SE)!

< - " g " o PR A T P06 S -

R ) ¥R/ em R/ em ZK/em 4/ em E’@iﬁi/g ﬂﬁLﬁEﬁfEE(g P f}:ﬁi/g W L
o . . Fresh mass of Fresh mass of .
Dilution ratio Height Root length  Stem length  Leaf length  Total fresh mass Root/shoot ratio

above-ground part under-ground part
CK 21.67+1.58c 20.03+1.22b 4.23+0.15¢ 17.43+1.67¢c  2.64+0.42b 1.43+0.23b 1.22+0.19b 0.86+0.05b
1:30 25.03+1.91bc 23.03+0.81b  4.67+0.35¢  20.37+1.88bc  2.95+0.18b 1.52+0.07b 1.42+0.12b 0.93+0.05ab
1:15 26.97+£2.17b 32.30+2.38a 5.47+0.25b 21.50+1.97ab 3.82+0.06a 1.91+0.09a 1.91+0.10a 1.00+0.10a
1:5 31.30+2.26a 25.67+5.88a 6.53+0.21a 24.77+2.10a  4.15+0.44a 2.07+0.18a 2.08+0.27a 1.01+0.05a

D CK. X8 The control. [FFH ANEI/NG FhFFE/RERBE (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)

differences.

£7 TEARBLOAIEEERLESNS g - L NaCl B T EAEL & LIFISIRM TN (X£SE) Y

Table 7 Effects of different dilution ratios of carbonized solution of Ceratophyllum demersum Linn. on the physiological indexes of Sorghum

bicolor x sudanense seedlings under 8 g - L™! NaCl treatment (X+SE) !

R — e gl - ) e pL e . k= 3 . .
O, Ao MEEE  msiomen  wian  mtrer SRS g
Al FRIE T8 S/ (pmol - gl) B/ (pmol - g7l) TEPE/(U - gTl) WEHE/(U- g A/ (mg e g)) . . G )
Dilution Total . ; . . . Superoxide
. Superoxide anion Hydrogen Superoxide Catalase Soluble protein . Catalase
ratio chlorophyll ! . .. .. dismutase specific L ..
N content peroxide content dismutase activity activity content .. specific activity
content : ; activity

CK 1.52+0.21a 0.37+0.01a 3.80+0.66a 182.02+23.02a 76.78+3.00a 9.73+1.16a 19.75+0.18a 6.47+1.14a
1:30 1.37+0.22a 0.24+0.03b 3.83+0.34a 179.52+29.53a 43.80+8.73b 6.83+0.27b 26.35+4.70a 6.45+1.53a
1:15 1.42+0.06a 0.23+0.03b 3.90+0.54a 168.39+5.45a 39.37+0.49b 7.48+0.42b 22.56x1.51a 5.27+0.27a
1:5 1.61+0.10a 0.23+0.02b 3.60+0.34a 174.52+19.61a 20.95+1.66¢ 6.70+0.26b 26.14+3.96a 3.13+0.30b

D CK. X8 The control. [FF T ARNEI/NG FhEFERERBE (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)

differences.
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