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Alfalfa seeding root characteristics under complex saline-alkali stress
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Abstract Ecological environment and agricultural sustainability in present days China have been threatened by soil salinity. Plant
roots have been the first to feel adverse soil stress conditions through different physiological processes. Study of alfalfa response to
salt stress has mainly focused on the above-ground system or on the growth and physiological response to single salt stress. Alfalfa
root response to complex saline-alkali stress has been rarely reported. The primary aim of this study was to determine the response of
afalfa root to saline-alkali conditions. The study aso explored afafa growth and adaptation characteristics under complex
saline-alkali stress conditions and provided theoretical bases for afalfa cultivation in saline-alkali field. The Medicago sativa L. cv.
“Gannong No.3" was investigated under complex saline-alkali stress conditions at seeding growth stage. 20 different alkali-saline
stress conditions simulated saline-alkali soil conditions obtained by mixing two neutral (NaCl and Na,SO,) and alkaline (NaHCO;
and Na,CO3) salts in different proportions [A (NaCl : Na,SO4in 1 : 1 ratio), B (NaCl : NaHCO; in 1 : 1 ratio), C (NaCl :

Na,SO, : NaHCO; : Na,COzinl1: 1:1: 1ratio), D (NaSO, : NaCOs;inl: 1ratio)and E (NaHCO;: Na,COszin 1l : 1ratio)]
and concentrations (25 mmol-L™, 50 mmol-L™, 100 mmol-L™ and 150 mmol-L™). To understand alfalfa root growth characteristics
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in mixed sat stress conditions, total root length, root surface area, average root diameter, root volume and root tip number were
analyzed. The results showed that salt concentration was the main driving factor of alfalfa root growth. There was obvious negative
effect of the saline-alkali conditions on root tip number and insignificant effect on average root diameter. As treatment concentration
increased, total root length and root surface areainitially increased followed by a decrease. At low concentration of <50 mmol-L™?,
total root length under A (25 mmol-L™) and B (50 mmol-L™) treatments respectively increased by 50.7% and 37.9% over CK (0
mmol-L~Y). At a concentration of 150 mmol-L~?, total root length under treatments A, B, C, D and E respectively dropped by 26.6%,
37.7%, 51.6%, 37.0% and 55.7% compared with CK; al of which were significantly lower than the CK. Root surface area under
treatments A, C and D increased at 25 mmol-L ! concentration by 21.1%, 43.4% and 12.7% over CK. At 150 mmol L% concentration,
root surface area under treatment E dropped by 49.6% over CK. This suggested that low saline-alkali stress (<<50 mmol-L™%)
conditions promoted or insignificantly influenced alfalfa seedling root growth. However, high saline-alkali stress (=50 mmol-L™)
conditions inhibited alfalfa seedling root growth. Increasing alkaline salt under high salt concentration increased alfalfa root growth
inhibition.

Key words Alfalfa (Medicago sativa), Complex saline-alkali stress, Root length, Root surface area, Root tip number
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Table1l Salts composition, molar ratio and pH of solutions for mixed salt treatment

pH
Trestment Salt composition and molar ratio Treatment salinity (mmol .|_*1)
NaCl NaxSO4 NaHCO; Na,CO3 25 50 100 150
A 1 1 0 0 7.11 7.15 7.22 7.28
B 1 0 1 0 8.27 8.32 8.36 8.49
C 1 1 1 1 9.26 9.31 9.44 9.51
D 0 1 0 1 10.13 10.19 10.23 10.34
E 0 0 1 1 11.09 11.21 11.27 11.36
(Regent Instruments, Inc., Quebec,. Canada) ,
1.5 pH
Excel SPSS16.0 2.3
2 ,
2 HFEREH ’
2.1 NaHCO; Na,CO3(150 mmol L)
1 : :
2.4
2 ,C D E
! , 25 mmol-L*
, 35.4% 48.4% 37.0%
A B ,
25 mmol-L™*(A) 50 mmol-L™* ,
(B) , (0 mmol-L™) ' ,
(P<0.05), 50.7% ,
37.9% 25
, 100 ’
mmol-L> A C D E 20.7%
26.5% 26.0% 37.5%, B ; 3 '
150mmolL™* ,A B C D E , , A B
26.6% 37.7% 51.6% 37.0% 55.7% CDE © 100 mmol L™
: 12.7% 17.2% 24.3% 17.1%
, : 35.2%; 150 mmol-L™* 14.6%
55.1% 27.2% 17.3% 53.5% C
2.2 50 mmol L™
. | :
A C D 25 mmol-L™* 26
, 21.1% 43.4% 5
12.7%, A B C D E, ,
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Fig. 1 Effects of complex saline-alkali stress on the total root length and root surface area of alfalfa at seedling stage
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Fig. 2 Effects of complex saline-alkali stress on the average root diameter and root volume of alfalfain seedling stage
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Table2 Result of two-way variance analysis (ANOVA)
Difference sources SS df MS F
Root length Treatment 109 037.10 4 27 259.28 16.30
Salinity 413 836.50 4 103 459.10 61.87
X Treatment x salinity 115 696.50 16 7 231.03 4.32
Error 83 616.76 50 1672.34
Root surface area Treatment 246.40 4 61.599 95 2.32
Salinity 2258.74 4 564.684 8 21.25
X Treatment x salinity 888.00 16 55.50 2.09
Error 1328.46 50 26.569 27
Average root diameter Treatment 0.02 4 0.005 477 2.02
Salinity 0.05 4 0.011 279 4.17
x Treatment x salinity 0.01 16 0.000 648 0.24
Error 0.14 50 0.002 706
Root volume Treatment 0.02 4 0.004 524 1.76
Salinity 0.13 4 0.033 552 13.07
X Treatment x salinity 0.05 16 0.002 814 1.10
Error 0.13 50 0.002 568
Root tips Treatment 25 905 648.00 4 6 476 412 19.00
Salinity 87 045 789.00 21761 447 63.85
x Treatment x salinity 37 457 155.00 16 2341072 6.87
Error 17 041 634.00 50 340833
(P<0.05),
[20]
pH
(8] NaCl :
[21]
2 18
, pH
: , pH
C , [20],
[22-23]
pH [24-25] [21] '
pH , :
[19] pH ,
: pH , :

pH
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