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Effects of mixed salt — alkaline on growth and physiological characteristics in Eruca sativa
FAN Hui - ling, BAI Sheng — wen " ,LIU Zhao,LI Zhen - zhou,HE Zhi — jun,ZHU Xue - feng, QIN Ming — gang
(College of Agriculture and Biotechnology , Hexi University, Zhangye 734099, China)

Abstract: To assess the tolerance of E. sativa to mixed salt — alkaline in different growth phase, and to reveal
physiological mechanisms responding to salt — alkaline stress, the experiments were conducted using different con-
centration of salt — alkaline during germination, seedling stage and adult stage. Our results showed that; (1) At
germination stage, initial germination was delayed but the seed vigor was not lost when stressed under low concen-
tration of 20 mmol + L™" and 30 mmol + L' mixed salt — alkaline. Under 40 mmol + L' salt — alkaline stress, the
germination potentiality and germination rate were significantly lower than that of the control group. When the con-
centration was higher than 50 mmol - L™, the seed vigor were lost completely. (2) Relative water content of leaves
(RWC) had negative correlation with the level of salt — alkaline concentration and the stress time. When the salt —
alkaline concentration was higher than 40 mmol + L™', RWC was decreased significantly, but malondialdehyde
(MDA) content was increased obviously. Both proline and soluble sugar content were significantly increased with
the increasing of salt — alkaline concentration and time prolong, but the soluble protein content was reduced gradu-
ally, which indicated that the adaptation of E. sativa seedling to saline — alkali stress depended partly on the accu-
mulation of organic material such as soluble sugar and proline etc. (3) At adult stage, effects of salt — alkaline

stress on plant height and flowering period were considered, there were no significantly difference between the ex-
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perimental group and control group when concentration of salt — alkaline was low (20 and 30 mmol - L™"). When
salt — alkaline concentration was 40 mmol + L' to 50mmol - L™, compared with CK, the experimental group pres-
ented shorter plants height, delayed flowering period and less number of efficient horns per plant. E. sativa failed to
seed when the concentration of salt — alkaline was 60 mmol + ™', Vegetative and reproductive growth were inhibi-
ted seriously, or even death as the concentration of salt — alkaline was 70 mmol - L ™'. Root length, fresh weight,
dry weight and water content were inhibited under salt — alkaline stress of different concentrations, especially the
fresh root weight. When the concentration was less than 30 mmol - L™, root length was longer than CK, while it
was significantly shorter than CK when the concentration was higher than 40 mmol + L™". In conclusion, salt —al-
kaline (NaCl + Na,SO, + NaHCO, + Na,CO,) tolerance in E. sativa at germination stage and adult stage were dif-

ferent, soluble sugar and proline as the main organic substances played an important role in adapting to high salt —

alkaline stress.

Key words: Eruca sativa; mixed salt — alkaline; germination stage; seedling stage; adult stage; growth and

development ; physiological mechanisms
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Table 1 Ion concentration of mixed salt — alkaline solution and weight of salt and alkaline

NIRRT B ¥R EE Ton concentration/ (mmol - L") o i Weight/g
Solution concentration

/( mmol -+ L") Na* Cl- S0,2%" HCO; - CO4%- NaCl NaHCO, Na, SO, Na, CO;4
20 30 1.0 9.0 9.0 1.0 0.058 5 0.756 0 1.278 0 0.106 0
30 45 1.5 13.5 13.5 1.5 0.087 8 1.134 0 1.917 0 0.159 0
40 60 2.0 18.0 18.0 2.0 0.117 0 1.5120 2.556 0 0.2120
50 75 2.5 22.5 22.5 2.5 0.146 3 1.890 0 3.1950 0.2650
60 90 3.0 27.0 27.0 3.0 0.1755 2.268 0 3.834 0 0.318 0
70 105 3.5 31.5 31.5 3.5 0.204 8 2.646 0 4.473 0 0.3710
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Table 2 Effects of mixed salt — alkaline stress on germination indexes in E. sativa

fidi RS % KR/ % FIXEEER/ % i H/ g JRA I/ em ARG/ em
Concentration/ Germination Germination Injuring Fresh Hypocotyl Radicle
(mmol - L") potential rate rates weight length length
CK 100 0. 0a 99 £0.2a 0+0.0a 0.018 5 £0.000 7a 2.97 +0.08a 4.05 £0.05a
20 77 £0.0c 92 £1.5b 7+0.5b 0.016 5 +£0.013 Ob 1.44 £0.41b 0.58 £0.26¢
30 84 +0.1b 99 +0. 1a 0+0.0a 0.018 0 £0.0290a 1.89 +0.59¢ 0.81 +0.40b
40 18 +0.8d 49 £0.3¢ 51 +0.1c 0.014 1 £0.166 1c 1.18 0. 12d 0.25+0.07d
50 0+0.0e 0+0.0d 100 £0.0d 0.000 0 £0.000 0d 0.00 +£0.00e 0.00 £0.00e
60 0+0.0e 0+0.0d 100 +0.0d 0.000 0 £0.000 0d 0.00 £0.00e 0.00 +0.00e
70 0+0.0e 0+0.0d 100 +0.0d 0.000 0 +0.000 0d 0.00 £0.00e 0.00 £0.00e
SEHI{E Mean 29.8 40 59.60 0.008 2 0.75 0.27
AT 29.8 40 - 44.32 25.25 6.67

bis :}%‘%ggiij%‘z}ﬁrﬂéﬁﬁ%(l’<0.05 ), LA

Notes ; Different letters indicate significant difference among treatments at 0. 05 level. Same as below
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Table 3 Effects of mixed salt — alkaline stress on DWC of E. sativa/ %

HAXS &K i DWC

#e & Concentration

ol 1) SRIHA 14 d HLHE 28 d HHHE 42 d
Salt — alkaline stress for 14 d Salt — alkaline stress for 28 d Salt — alkaline stress for 42 d

CK 98.53 +0.02a 70.82 +2.86a 70.04 +£0.06a

20 78.35 £2.45b 70.81 £0.01a 67.00 = 1.00b

30 75.86 +0.58bc 69.03 £2.25a 60.77 £3.21¢

40 73.35 +0.05¢ 64.72 £2.49b 59.33 +2.75¢

50 66.00 +2.94d 60.55 +£0.51¢ 56.47 +0.06d

60 66.17 £2.69d 61.36 +2.03¢ 52.97 £0.05e

70 60.37 £0.40e 56.43 +0.75d 52.80 +£0.72e

SE-H{H Mean 70.02 63.82 58.22

OWF B = S 27) /% I8/ %

(%)
(CK - Mean)/CK 28.94 9.88% 16.88%

®4 RGBWBMEXZITFRKS (KKER) B2

Table 4 Effects of mixed salt — alkaline stress on water holding capacity of E. sativa leaves/ %

W Je7KFR Percentage of water losed
Concentration
/(mmol « L") 2h 4h 6h 8h 10h 24h 32h 48h Mean Sequence
CK 14.34 32.17 37.83 41.45 45.06 72.41 78.07 92.05 51.67 7
20 29.28 37.14 42.51 46. 82 50. 69 77.53 81.77 90.95 57.09 6
30 30.77 38.84 44.49 48.60 52.11 78.83 81.24 90.02 58.11 5
40 29.04 38.21 44.27 49.12 53.43 81.37 84.33 89.58 58.67 4
50 39.81 42.83 48.68 53.30 57.36 85.75 88.30 90.47 63.31 3
60 43.04 54. 60 58.82 61.00 62.86 77.96 79.59 90.52 66. 05 2
70 42.73 53.43 61.11 66.94 71.47 89.99 89.23 90. 12 70.63 1
SEH4{EH Mean 35.78 44.17 49.98 54.30 57.99 81.90 84.08 90.28 62.31

TE - R PR IR S SO 4 42d B9 E 4R

Notes : Data are the results under salt — alkaline stress for 42d
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Table 5 Changes of mixed salt — alkaline stress on osmotic adjustment substances content of E. sativa

- [l 3 s AR AR i AR
W . MDA content Soluble proteins Soluble sugar Proline content
Concentratl?? /(umol - g=1) content /(mg -+ g=')  content / (mg - g~") / (ng-g™h)
/(mmol «+ L™")
14d 28d 42d 28d 42d 28d 42d 28d 42d
CK 2.31£0.02d 5.18 £0.02¢ 5.67 £0.18bec  3.65¢ 4.09a 0.31f 0.43e 70.20f 81.83f
20 1.93£0.02 e 3.28+0.01g 4.16+0.07d 4.04b 3.84b 0.46e 0.66d 76.23e 97.59%¢
30 2.45+0.12cd  4.19 £0.04f 5.34+0.07¢ 4.52a 3.30c¢ 0.49d 0.69d 91.06d 98.67e
40 2.52+0.06c 5.53+0.21d 6.02 £0.02b 3.26d 2.65d 0.56¢ 0.87c 118.66c  121.03d
50 2.71 £0.00b  6.49 +£0.23b  6.08 £0.27b 2.82e 2.43e 0.57¢ 0.97b 146.31b  138.33¢
60 3.21+0.05a 6.25%0.02¢ 6.74+0.02a 2.36f 2.43e 0.59b 1.00b 149.33a  153.97b
70 3.20 £0.07a  6.98 +0.17a  7.12+£0.47a 2.34f 1.35f 0.64a 2.14a 150.39a  158.45a
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#E/Note: A:CK; B:20mmol + L™'; C:30mmol + L™'; D:40mmol « L™"; E:50mmol - L="; F:60mmol - L. ™' ;G:70mmol + L.~
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Fig.1 Effects of mixed salt — alkaline stress on plants growth and development of E. sativa
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Table 6 Effects of mixed salt — alkaline on root weight,length and water content of E. sativa

e Concentration fiof T & Bk E R
/(mmol - L™1) Fresh weight/g Dry weight/g Water content/ % Root length/cm
CK 1.03 £0.06a 0.43 +0.01a 61.88 £0.01a 8.48 +0.08b
20 0.82 +0.02b 0.39 +0.01b 52.02 +1.12¢ 8.58 £0.01b
30 0.72 £0.03¢ 0.34 £0.00c 54.48 +0.00b 9.48 +0.17a
40 0.50 £0.02d 0.32 +0.00d 45.73 +0.02d 7.82 +0.23¢
50 0.20 +0.00e 0.14 +0.00e 36.23 +0.40e 7.66 +0.04cd
60 0.19 £0.00e 0.11 £0.00f 28.76 +0.00f 7.52 £0.00d
70 0.16 £0.01e 0.11 £0.01f 25.90 +£0.05¢ 6.63 £0.02e
SE-X{H Mean 0.43 0.24 40.52 7.93
FAXHE Relative value 41.72% 54.15% 65.48% 92.42%
3 Wi B 2T X SR 38 1 T 52 M S A 3R T ML)
7 . . — N
hA B T ER AN [ A 20T T R A YR A 2
3.1 =FFNR A& AN R 21 EAIST
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PEE 55 52 W R . AR ST 4SS A B, 20
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PRI TX BRE (& 2 3 5 0 IRE 22 A/ X 3R
HIARR R i SR UM 30 (AR IR 1 - 1 i A B[], I
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22— ARG 45 R PR, VR A R B 3 X 25 SF
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T, IR FIER T, = 40mmol - L' B}, MK B i As 4G, H
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PR . MDA 5 ik iy, SRR o A 2 B M, it
WS . AR 56 25 SR B, <30mmol - L™K
ERIA TS, 29T MDA Z i 5500 BB R AIG, 3R
XIS T E 2t FAN TR Na ™ A F 207 A K
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DARFAT 40 1 K 3, B S i K L LT DATE R B R
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SRR IR, YR A R B VA TR B (3 D, ZE 5T 0 R e
R AN N, H 2 = T R, R A
ERBEUMAE T 25T AT 38 A 3 I 2R 1 SR A At
BT PRI, 29T 4l 0 TE & R 5k 38 1Y
T8 NV AT RE FE BT RIS R R I R S A LB i
VIR &

2 AT W & AR 0 25 T SR A SR
i A2 AR . =40mmol - L' IR A Rl b 181
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FOT o ZETT PR — i Vi B BRI 36 7355 1 g T 32
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