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Abstract

In this study, two neutral salts (NaCl and Na,S04) and two alkaline salts (NaHCO3; and Na,CO3) were
mixed in the Anmoer mass ratio 2:1 and divided into two groups A and B. Six total salt concentra-
tion gradients (48 - 168 mM) were set in each group to simulate a total of 12 mixed saline condi-
tions with different salinity and alkalinity (pH), and four weeks of growth for the Avena seedlings.
After 9 days of stress treatment, the results show that the growth of oats is affected. In order to
resist the Na* ion poisoning and osmotic stress of salt stress, oats have mainly adopted a large
number of physiological response mechanisms and adaptation strategies for accumulating CI-,
SO% and proline, but not organic acids. However, under high pH alkali stress, oats mainly take a
large number of accumulated organic acids to resist high pH, accumulate proline physiological
response mechanisms and adaptation countermeasures, and have nothing to do with Cl-. The
change of Cl- and organic acid under two kinds of stress is the fundamental difference between the
physiological response mechanism and the adaptive countermeasures.
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AT AT Ff ek (NaCLRTN a2 S O4) FT T Fh g 25 (NaHCO 3 FINa2 CO3) 3 BE /R R B Hu I 2: 1IR &, 4
RA. B4, 1AM EE 6N B E R B E (48~168 mM)ILAE 1 1275 £ BEFIRREE (pHAE) & A [F 1)
BE LA, MAEKAFKNHESE (Avena sative) T HATHHELIRIOR G, MASERRP: MEHEK
ZEW, BENT R ANa B FHEMNSEME, TEXNT KEREC-. SO MHEERK
A AR FE RN 3R, TTSAEVRER. HEESpHENRINET, MEFERXRN T KREREHH
BRI FpHE, R RMERAEEN NI AENNE, MECA-EATLR. CI-AEHIRERMHE T 5%
ERFRERL, R FE A TR R F0E R SR AR AR X B AT7E . IXFEARIE M A i B384 41 R pHAE
Kk sE.

X
#% (Avena sative), FHHME, TME, pH, FULER, AEEmWH

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

g SR A O A IR AR P T IR B R 2 —, BRI R A . ARk
I 23%, AT 37%. LRSI LA T 100 2ANE K, 297 6 At AT HE T AL 10% 2
Ao AEERBR A P AT R O BH S A Na™\ Ca®  Mg” K45, BT 7 E A4S C1 L SO+ HCO; -
CO; FINO; & [1], i B () AR AL X Eh a8 L 4 ks MU FHES T Na' &%, BIEFE22 CI. SOo; .
HCO; « CO; (2] JEH A p i SR i o Ehbhad, TR Bk Eh B I8 AR B P (3] i NaHCOs. Na,COs
LG R TS A R S R TR A F B K T NaCl. NapSO, 45 #h irids e 2R aa (4] T
T BT SE HCO, « COT 24 FHUCLIE pH E &, YA 2SR E, 1 HIE 52 3] & pH
TE R EIRE G . 5% T pH B8 E[5] [6]+ BRA[7]. BECMEERBIA[8] [9] [10]0A K A 4 £ RBP4 25 VR A iy
B PR ARE 45 s b 8 T SR A A (11 ] IR ERA SRR A R, A — e X IR
AL I G AE IR TE

e R ARARRHA AR W R R — FFAE R AR, X ks DIEERA ™A%, AI7E 2 Fh 138 F e,
FEER B 3% B NS AR R, 2T 5%, FHREEMK OGS R, b e AR Eaihm
fe71, BRIHE Z IR SR S R B AR AR o (BTN Bk it 5t 2 8 T/ [12]. I H
[13]. FRAE[14]CARACHE B3] [4] [S], AR ESAEYILEA R RGN EK KR E, @ 1557 T AR
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BT —mrdt . MR RGE,  H ATE R E AR T AL ot R AR A ™ E X O A R TR
HEJ o W FEREEE AP AR ST ER R L 1 4 T R R B SN E . D% T RS2 I 3h M 2 i 3h A
FEHLH A RIE, F0 T HE AR SR BUE T (1 SR PA K 632 PR S BN L B AR 5841510 ASBI U b ot
£h(NaCl Al Na,SO ) A1 Fl i P £ (NaHCO; A1l Na,COs) TR A, 76 NN A] #2124 AR 400 26 ANB AN A 7]
2k F, X #eFE (Avena sative) W HHATREAL . ABFFEH HFZ: 1) PRUTAS[E ER RIS #6224l 1 5 i
ZESts 2) PRUTERFOREMIE, MESE 4 1038 ML IR 22 5

2. RIS
2.1. EMHR SRS

ARSI TR H B #65 (Avena sative) P& w5 MR8 VI T AV BB 3 B U223 i e fé 2 57
AR R, O PR M R R TR RN T ELAR 20 om BRVEIFANVD I RIE R N . HERE, R
Hoagland & F0E#E— IR, BHEET 20 &, N TIEMPTIETHL, ALK T 2017 4 5~6 HidkT, Py
WAE 22.5°C, BRI, PR 51.5%.

2. EEBALE

FE 9256 % N 3% € NaCl. Na,SO, Pt b #h A1 NaHCO5 Na,CO5 W FBg PE 2, 1% 2:1 BE/RHLBR & )5
FZEKEH, MBS M T2t 2:1; RIE A S, 2 TR AH [E R B s T2 e
1o £ Na B IR BEARR SR IO IE, WL (A6 B bl B AH S, BR4H ) S 48, 72, 96+ 120, 144,
168 mM (HAF Na SR E /& 64, 96, 128, 160 192 f1 224 mM) 6 NASE ERIR AL, SHELIUH 12 F

AR ER B B (52 1)

P 4 ST SR A B, RIS S 39 ABENLA v 13 41, Horb 1 4N, KR
12 AR FAFALEE, &4 3 ANEE., KT 16:00~18:00 FHAH N K B AR AL FE — %, &7 500
mL AEE 7 3 UOEREAE T, XTIE H A Hoagland & R UERE, HELA0EE 9 d.

Table 1. Main stress factors for different treatment

*= 1. TRIMEAIERE R

E A R R Main stress factors

Treftinfnfroup pH Salinity Nl €T [sov] [HCO. ] [co;'] Permeability
value (mM) (mM) (mM) (mM) (mM) (mM)
Ay 7.03 48 32 16.0 8.0 0.0 0.0 63.60
A, 7.12 72 64 32.0 16.0 0.0 0.0 85.03
A; 7.18 96 96 48.0 24.0 0.0 0.0 153.87
Ay 7.22 120 128 64.0 32.0 0.0 0.0 193.97
As 7.26 144 160 80.0 40.0 0.0 0.0 217.00
A 7.29 168 192 96.0 48.0 0.0 0.0 242.00
B; 9.84 48 32 0.0 0.0 16.0 8.0 39.97
B, 9.91 72 64 0.0 0.0 32.0 16.0 76.10
B; 9.96 96 96 0.0 0.0 48.0 24.0 114.27
B, 10.11 120 128 0.0 0.0 64.0 32.0 143.33
Bs 10.39 144 160 0.0 0.0 80.0 40.0 175.10
Bs 10.69 168 192 0.0 0.0 96.0 48.0 211.00
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2.3. BhEIERRHONIE

FEEE =o/N, (n FEEMEE, N ANHSHRE).

AR e PR R 7:00 BURE, /NOECGHEREERTA R, FZRTRAKBEE AR, R
TR AR B T B 5 (7K 53 AR BEATLEL 10 AR Kt~ S5t B35y BIFF, 23 IR R 30 2 1R B A fif B
(FW), Z JG 3B ATl 10 #F & T 105 CHAE AT 15 min, 758 T 80 C A 15 H 1L . AR 2T FH(IDW),
HRMPRHE 5 I e Ha A7

MW pH fH: U5 g Brif=Emy, FHZEM/KA e 3 Ik, FIEAR 3R 7K 4 )5 T R S 28 5%
HR W, LRI ECE pH THPHSI-4A ) H pH 1H.

E/KE =FW-DW

HEREE:

FREUER 9 RIIHTEET A 0.1~0.15 g, BIREJG N B0 o BEJGEL 10 ml 4R X $2 BGRUIMA B Hodr ., &
RGN E 2~4 K, HEMSRBIGES . R0 77E 663 nm, 645 nm M5E OD A, M4 T A X
BT R S R 16]:

M4 A (ug/ml) = 12.7 x OD663 — 2.69 x OD645;

442 B (ug/ml) = 22.9 x OD645 — 4.86 x OD663 .

ME SR ERGHEEAEMN S, GERSMN, B TWENEER T A BRKRRME
bR RIS, TEH 28 7KL 1~2 R, AT A R8N B R EH K, SRIERAFERS A,
PART R 2K, IR PIRE T em KB H .

FREUFE S, RO NH . OWH, BHE 3 ANES, B 1 g BRSO, Rk
NSRS A RE, HERAIN 20 ml 7818 288 T/K, IREFEM .

RSN B e, HESEREMBUI 3~4 R, B2 /KS 3R TH 2 (8]0 4 i ) B ) 2
o AEM N R BB, R SR B AR R R, H R 3 HIE 400~500 mm
KkE. WEBIE 30 min J5 A KEHIE, 7F 20°C~30°CHEEE &M R 2% RE 2~3 h I 1S FN(S),

SR B K I 10~15 min, RAEAHZ, A5S80I E (1 H 5 %60 (S)) -

FH L CPRARE NS BN /N, FE 25°C 26T, FHL AL L S5
N ELR.

ELR=S,/S,

WEBEERSE: I ml I, MIEFIA 1 ml 3% KRR . 1 ml UKESER. 2 ml ) 2.5%0% P
ET=EAVAW, Wh7KIA 60 min, WEIEFE)EIMA 4 ml F2K, WERIEGERIL AR, FLE EMHE, F
520 nm AL E OD {f, R4 FRvHE il 42 AR 5t o B v SRR 2 &

TS T KA 6 H(TAS-990, Purkinje General, dt50)% %€ Na's K FljiF
B Ca® =R ES F. KA DX-300 &7 il £ 45(DIONEX, Sunnyvale, USA)% 5l NO; « ClI'. SO =
R B 1, W 5E 2144 : ASAA-SC B T35 #ehl:, CD M-IT HEL S I 2%, #3040 4 : Na,COy/NaHCO; = 1.7/1.8
mM. H,PO, KGO L NE[16].

HHRKME: KH DX-300 5 141 £ 45 (DIONEX, Sunnyvale, USA)EAHLER, W5E 244 A:
ICE-AS6 73 #1#E, CDM-II L A6 %%, AMMS-ICE IT T4 8%, BN 0.4 mM £/ T H, HHEN
1.0 m/min, #Hi#A 20°C, HEFEERN 50 plo ASLIA VLR & BN AT RER I 2] A HLERZ 7y S fl, A0 dEFy
B, FRR. TR, AR, 4. SRR

VAR NGt itk SPSS17.0 f) Two-way ANOVA HEAT AN 7] 25 ¢ AR B2 AT pH {5 % 3 5 (1)
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BRFEbR 2 T B . pH [ RDASZIG BRI R 461 AL B RARE—FaR %, L
B A FA R R SRR R R AR R L I A BR R, BEER MG SR A K pH YO, SIS B R
SSPS17.0 Beit 73 Mk At AT ERAIBR P SR 2 5 Z2 008, &5 SR P ebr iR Ros, B /KFEN 0.05.
WK 0.01 (I 2).

3. &R
3.1. BRI mELYEE KR

EE R IREMNE T, LT RIAEF RN 100%, B 25 &0k 5 -5 A A B BULIR S, E%
WERNET, MIRE KT 96 mM B, fFiEFIFIE TP <0.01), KEN 144 mM B, HEEZFEELET

Table 2. ANOVA tables presenting the effects of the salt concentration (CN) and salt component (CM) on the shoot and root
biomass, root activity, Tillering content, proline content in shoots, electrolyte leakage rate, and chlorophyll concentration in
the leaves.

2. FESHMRERTHRECN)MBLAS(CMM EFRTEME, RIED. FEX, HERSE. BERS
RE. HERSENFW

AR A g #h E pH #® pH
df Livability biomass shuoot of pH root of pH
F P F P F P F P
Salt concentration (CN) 1 521.690 0.000 55.942 0.000 1.897 0.179 1047.57 0.0008
Salt component (CM) 5 125.908 0.000 12.350 0.000 2.157 0.078 43.848 0.000
CNx CM 5 125.908 0.000 3.554 0.010 0.410 0.866 35.679 0.000
HERE A H4%% B MR SR M2z A/B
df Chlorophyll-a content ~ Chlorophyll-b content Chlorophyll content ~ Chlorophyll a/b content
F P F P F P F P
Salt concentration (CN) 1 8.760 0.006 43.188 0.000 23.991 0.000 40.712 0.000
Salt component (CM) 5 34.790 0.000 14.945 0.000 35.529 0.000 2.158 0.078
CNx CM 5 1.704 0.157 1.958 0.106 2.175 0.076 2.047 0.092
T EE ST EE T EE BT ELAE
df Na' content K" content Ca*" content Na'/K* content
F P F P F P F P
Salt concentration (CN) 1 2678.158 0.000 145.102 0.000 136.321 0.000  2875.24 0.0002
Salt component (CM) 5 651.379 0.000 135.601 0.000 113.134  0.000  846.973 0.000
CNx CM 5 230.982 0.000 9.852 0.000 7.687 0.000  341.827 0.000
AT AR AR A it PR 4 1 R — 2R
df CI” content SOI” content NO; content H,PO, content
F P F P F P F P
Salt concentration (CN) 1 9432.842 0.000 153.134 0.000 2439.92  0.000 148.247 0.0003
Salt component (CM) 4 2492.290 0.000 157.112 0.000 527.491 0.000 20.537 0.000
CNx CM 4 1536.905 0.000 8.393 0.000 128.283 0.000 7.221 0.000
AHRS & IR & LA HKE
df Organic acid Proline content Electric condutivity Moisture content
F P F P F P F P
Salt concentration (CN) 1 2.177 0.151 2.177 0.151 41.094 0.000  286.773 0.000
Salt component (CM) 5 4.881 0.002 4.881 0.002 54.217 0.000 32.272 0.000
CNx CM 5 3.722 0.008 3.722 0.008 3.479 0.011 8.519 0.000
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Wo EhRN A B AR B A MRIREE Na', (EBE pH (EIE RAAE 25T FE(P < 0.01), RUHEE X BRPTF PG
T 2 R BB R ANF], e BOUE 5 & pH =LA 1(A)).

FERIATT, WA 48 mM I, AR KT, RREREAYRERRER. KT 48 mM ki
WREERIRE R, ALY ECT 0 B ELE W N ZETNE N, AR BT X . RSP 2 < AT AE R Na®
IREERISEAE R, pH B A8 KR R BRI 1(B)).

3.2. EREAEXTLELA pH ERIFZ N

ANV A2 2R 18 3 A B iy JE 6 Hb 353 1) pH BRI AN K, AR BIE 3 2Z R (P > 0.05). SXTREE
P ZE R, XTHZUR pH M. WA BH sk E 168 mM K, HIL pH T+ & T3 AL Z (O
2(A))s

eI R HLUE K pH EEW L E R, SXRIETEREP > 0.05), HEEIRAELR pH [EHRIFE M Z
SR E P <0.05), FEAM pHEFELIE 2(B)). ATREREIRANAT, #8403 B

3.3. RBANEH R RSB M

FEER BUMRE TN, BEEIRIERNR, MM R A & ECT X R HZw TR, ShikEERT
120 mM, FFEMEER R(P <0.05). BEEGRGRE G R, e a. b FEETXIEP <0.05), HEgER
{0 e B A R R PR K R . SR E R SRR A/B AR TR, BbE R AR A/B E TR ZERA
23 (P>0.05) (WA 3(A)~(D))o

3.4. RBHEX SRS EMBIESBOZR

TEERME R, 255 YR B il B AN B B v Tt R, R Bl AR IR B 3 i T, R R B P < 0.01),
FERHE T, SIREX T, B pH (&, #MELHARNMER S &SR mES, Hma
BfEZEAR A Na 2600, Glbha i) oK Fabmmie, 2 dikEsIk. X pH FHaT 9.84 2 )5, BAEA I
T FHAT, SRR R RN 2R E 2 I (L 4(A)).

A PR & EAE SR HE N 2 R PP > 0.05), (HAEGRMHE T H1 558 NP < 0.05)7F i = B i FE T,
X 3.9 £, PhERMba A 4.1 fFOLE 4(B)).

[A] O Saline stress [B] 3.0
120 @ Alkaline stress
ad ad ad a a a a be ¢ ©
R R T TS
b a 2.0
80 b :
b ab
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a a
o LB LIELIELIEL L —ﬂ—i— LB L 0.0
0 48 72 96 120 144 168 0 48 72 96 120 144 168
Salinity (mM) Salinity (mM)

Livability (%)
Biomass(g)

Figure 1. Effect of salt and alkali stresses on survival/livability (A) and biomass (B) of oat seedlings, the 4 week-old oat
seedlings were treated with salt stress (NaCl:Na,SO, = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO5;:Na,CO; = 2:1; pH
9.84 - 10.61) for 9 days, the values are means (£SE) of triplicate samples

B 1. EhEE X HELNEFERREMERIFND . BELHIR NaCl:Na,SO, =2:1, BIRE R 48, 72, 96, 120, 168 mM;
pH =2 7.03, 7.06, 7.14, 7.19, 7.26, 7.29; WELHI2 NaHCO;:Na,CO; = 2:1, RIREHE 48, 72, 96, 120, 168 mM;
pH = 9.84, 9.91, 996, 10.11, 10.39, 10.61. BB 9 K5, HXREEFEHME
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Figure 2. Effect of salt and alkali stresses on shoot (A) and root (B) pH values of oat seedlings, the 4 week-old oat seedlings
were treated with salt stress (NaCl:Na,SO4 = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO;:Na,CO3 = 2:1; pH 9.84 - 10.61)
for 9 days, the values are means (+SE) of triplicate samples
2. EREAME XA ZERARA LG pH EHIFNE. ELELBIR NaCl:Na,SO, = 2:1, BIRER 48, 72, 96, 120, 168 mM;
pH & 7.03, 7.06, 7.14, 7.19, 7.26, 7.29; WELHIR NaHCO;:Na,CO; = 2:1, BiRE R 48, 72, 96, 120, 168 mM;
pH 2 9.84, 991, 9.96, 10.11, 1039, 10.61, BB 9 X7, H=XESHFE
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Figure 3. Effect of salt and alkali stresses on chlorophyll contents of oat seedlings, the 4 week-old oat seedlings were treated
with salt stress (NaCl:Na,SO, = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO3:Na,CO; = 2:1; pH 9.84 - 10.61) for 9 days,
the values are means (+SE) of triplicate samples
[E 3. SEAEXHFESENFIE. ZEEFZE NaCl:Na,SO, =2:1, BIREZ 48, 72, 96, 120, 168 mM; pH =& 7.03,
7.06, 7.14, 7.19, 7.26, 7.29; WWELHIE NaHCO;:Na,CO, =2:1, SiRER 48, 72, 96, 120, 168 mM; pH = 9.84,
9.91, 9.96, 10.11, 10.39, 10.61. B8 9 X5, M= REEWMFIIE

DOI: 10.12677/hjas.2018.810178

1219

FlL L


https://doi.org/10.12677/hjas.2018.810178

R 5

200 f 250
[A] [B]

—~ 0O Saline stress —
T, 160 . 200 <
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= o
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Figure 4. Effect of salt and alkali stresses on proline (A) and organic acids (B) of oat seedlings, the 4 week-old oat seedlings
were treated with salt stress (NaCl:Na,SO, = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO5;:Na,CO; = 2:1; pH 9.84 - 10.61)
for 9 days, the values are means (+SE) of triplicate samples

E 4. HEAEX HREFI AN S 2T, FEEHIR NaCl:Na,SO, = 2:1, BIKEZ 48, 72, 96, 120, 168 mM;
pH =2 7.03, 7.06, 7.14, 7.19, 7.26, 7.29; ®WLLHBIR NaHCO;:Na,CO; =2:1, BIKER 48, 72, 96, 120, 168 mM
pH 2 9.84, 9.91, 9.96, 10.11, 1039, 10.61. BB 9 XKfF, HF=REENTFHE

5. EhfEhEx AAERIEE A S K BRIERL

BE R FESE N, FARTAMNES ZBME N, VLB SRR RSSO, AR AR LR OK, BE pH B KR
FEVEWIEOR, ERAIGE Na VREEAHEIRS, pH EB S FH @™ E ., iK pH AR, HRERFEZHEE, &
pH {2 F FH . (WK 5(A)).

EERMNE T, WEEKT 72 mM B, EoKE T, SRR B HERIK . KT 96 mM Z J5 (K
TR, RN U EIREEEIIE T, SEBURRK I AFEFERANS, I E/KE T .
ERIIE TS, SKEBET I, B pH 8 K& /KE FEBEE. (LA 5B)).

6. TBAMNEX THLE FRIZEN

WG 5 e 3 R A3 0, e 32 25 Na " 2 2 (P < 0.05), 7E & Ml ik BT, Bl Na fl R &2
XTREM 46.5 %, LhEhmEE 1.8 5K 6(A)); A Ehi K& &I EE TP <0.05, WK 6(B)). I
FLEAE 5t ol 38 VR EE B B 38 ) Na /K Rk 5.2, AR E R HA 1.1 (LK 6(D)). fEERAmEE T, BE
FE AR BN, Ca® BT B 6(C)).

SRREESE N, CUEEAASME MR HAREZEEIMP <0.01), MERMHE NIgA G, 221w
AR, fE S = MR LR, Ho IR R 5.5 6%, EuilbbE i s 4.7 f5(ILIE 7(A)). SO FEF FhbE 3538,
B8 AR B KT AR (LI 7(B)). FEERBME T NO; « H,PO, & &) FFE(P < 0.05), & pH 1H TR
FETE KK 7(C)F1E 7(D))o

4. g

1. Ehwia R Rt R A

TR S R M FEREAE, 4 A NaCl Al Na,SO, 25 8 = 1) 5 A0 LABs M h NaHCO,4
1 Na,COs NERBR L, X R FINAAAER, NN [17] [18]. fEAFFRER A HIESFKM
B, ERIA RIS F R A M NAIRAAEE A BTN, EREE N EE R R — & s,
W Bl e A — BN, AR R E R DL Na A 593 7255 55 00N A mik
L& KA T B IBIE e A R (AR BT, B A R 2 A U AR Eh e AL B OSOn | pH A XE
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Figure 5. Effect of salt and alkali stresses on bio-membrane permeability (A) and water content (B) of oat seedlings, the 4
week-old oat seedlings were treated with salt stress (NaCl:Na,SO, = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO3:Na,CO;
=2:1; pH 9.84 - 10.61) for 9 days, the values are means (+SE) of triplicate samples
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Figure 6. Effect of salt and alkali stresses on Na® (A), K (B), Ca®* (C), Na'/K' (D) in shoots of oat seedlings, the 4
week-old oat seedlings were treated with salt stress (NaCl:Na,SO, = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO3:Na,CO;
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Figure 7. Effect of salt and alkali stresses on C1” (A), SO} (B), NO; (C), H,PO, (D) in shoots of oat seedlings, the 4

week-old oat seedlings were treated with salt stress (NaCl:Na,SO, = 2:1; pH 7.03 - 7.29) and alkali stress (NaHCO3:Na,CO;
=2:1; pH 9.84 - 10.61) for 9 days, the values are means (+SE) of triplicate samples
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