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Abstract; Selecting three typical Chenopodiaceae annuals ( Bassia dasyphylla, Salsola ruthenica and Halogeton
arachnoideus ) as study subjects in a typical desert-oasis ecotone in the Hexi Corridor, we investigated the effects of different
concentrations of salts ( NaCl and NaHCO,, 0, 50, 100, 150 and 200 mmol/L) on the growth, reproduction and biomass
allocation of three Chenopodiaceae annuals. The results showed that (1) Survival rates of three Chenopodiaceae annuals
decreased with the increase of salt concentration under sodium salt stress. Bassia dasyphylla and Salsola ruthenica could not
survive or had very low survival rate under 200 mmol/L NaCl and 200 mmol/L NaHCO, stress, and Halogeton arachnoideus
could not survive under 200 mmol/L NaHCO, stress. (2) Sodium salt stress significantly affected the growth and biomass

accumulation of Salsola ruthenica, but certain salt concentration (50 and 100 mmol/L) could promote the development of
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6634 JAE = 41 %

Bassia dasyphylla and Halogeton arachnoideus, while higher salt concentration could inhibit their growth. (3) The root
shoot ratio of the three plants decreased with the increase of salt concentration. The aboveground biomass allocation showed
an upward trend with the increase of salt concentration. Among them, the reproductive distribution increased under low-salt
stress (50 and 100 mmol/L) , and the biomass allocation of stems and leaves increased under medium and high salt stress
(150 and 200 mmol/L) , while the roots biomass distribution decreased with the increase of salt concentration. It showed
that increasing biomass allocation in the aboveground under salt stress is one of the ways of Chenopodiaceae annuals
responded to salt stress. (4) The stress effect of NaHCO, was stronger than NaCl. The saline tolerance capacity of Halogeton

arachnoideus was the highest among the three plants, and the capacity of Bassia dasyphylla and Salsola ruthenica was poor.

Key Words: sodium salt stress; chenopodiaceae; herbs; plant growth; biomass allocation
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2.1.1  FEARAFIE R

3 P IAETE R I BE NaCl Al NaHCO, V& BE i 38 2 F Bt 3 (38 1) < 55 VKEE ORI U0 3% 19 A7 16 R AE 50
mmol/L LV FE T IR 2 88.9% L) I+, FHZEEh A BLGA 2] 100% ; £V B 4 200 mmol/L B, 25 VK2 Flfil Vb 3%
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VPEEAFIE R IG T BRI B 0 3 = T A 2R b AR
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Table 1 Survival rates of three Chenopodiaceae annuals under different concentrations of NaCl and NaHCO;

NSl Yy 3R Salt concentration/ ( mmol/L)

Salt stress Species 0 50 100 150 200

NaCl Jifries FEVKEE Bassia dasyphylla 100+0.0a 88.9+11.1a 77.8+11.1a 33.3+19.2b 0.0£0.0b

NaCl stress HVb3% Salsola ruthenica 100+0.0a 100.0+0.0a 66.7£19.2ab  33.3+19.2bc 22.2+11.1¢
H 248 ¥ Halogeton arachnoideus 100+0.0a 100.0£0.0a 100.0£0.0a 77.8+11.1a 66.7+19.2a

NaHCO, il ZVKHE Bassia dasyphylla 100+0.0a 88.9+11.1a 66.7+19.2ab  33.3x19.2bc 0.0+0.0¢

NaHCOj; stress — Hil¥b3% Salsola ruthenica 1000.0a 88.9+11.1ab  66.7+£19.2ab  55.6x11.1b 0.020.0c
H 2534 BE Halogeton arachnoideus 100+0.0a 100.0+0.0a 77.8+22.2a 66.7+19.2a 0.0+0.0b

P R B Al 359 S B e bR i, AN [ B s AN [ e B i A B 2 57 i 2% ( P<0.05)
2.1.2 ARARB

AR BE NaCl Fl NaHCO, W38 T, 3 R bk S A2 K 25 57 1l 2 (P<0.05) (I 2) - 55 K ZE Rl Vb 2 11
PPk e WA R v B A 18 I 22 F B 94, NaCl 38 T e ARAE R S = {6 1Y 60.2% il 46.6% , NaHCO, JifE T4 51.2%
F41.2% 5 I ZEFh A T P340k e S S TH I B 35 76 100 mmol/L AR JHA N i K,

AN B NaCl Fil NaHCO, W8 T |, 3 Fla 4 (0 i it 22 55 0 32 (11 2) 2 35 UK B 0 72 it 43 ol A
0 mmol/L NaCl F1 50 mmol/L NaHCO, ¥ & T s kK, BEER R BE A3 i 22 T B a4, NaCl Whis T B IR AE Ry fe i H
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2.2 FHERME R BERL— AR AR AR Y AR )

AR BE NaCl e T fl V03 F 253 A FE ) AGB  BGB Ml TB F 822 53 B 3 Vb3 (1) A= ) & B SR Bl
ER T B BB TN R A B R N AR Y 5.4% 5.0% F1 5.3% , 12580 A B A W B B Bt £ Tk i A 488 o 2
FeTtIR RS 150 mmol/L ¥ HE T i K 5k A R A Z R AR E (K 2),

AN[AIHEE NaHCO, kA R, 3 A9 AGB . BGB il TB 1 B 22 53 i 2 . 5 vk ) A= W4 AL 2 AE 50 mmol/LL
WREE T B K, BEER VR B A3 I 52 1 B 3 SR AR B S (BN 34.1% . 21.4%F 32.9% ; Vb 3% i A= Wy i B R
R I BE N5 R Bt B A Ry B LAY 19.8% . 10.0% F1 18.3% 5 1 2545 Az 1 A Wy 1 FH B Bt h e )3 i) 14
JnE e THE 3, 100 mmol /L ¥ N i K,

%2 A[E NaCl #1 NaHCO;RE T 3 HBEREMHEYE

Table 2 Biomass characteristics of three Chenopodiaceae annuals under different concentrations of NaCl and NaHCO;

Hhha Wyl 47 R Salt concentration/ ( mmol/L)
Salt stress Species Targets 0 50 100 150 200
NaCl ffiie ZVKFE Bassia dasyphylla AGB/g 0.59+0.09a  0.47+0.05a  0.64+0.08a  0.45+0.03a N
NaCl stress BGB/g 0.05:0.0la  0.04:0.0la  0.05:0.0la  0.04x0.00a N
TB/g 0.64£0.10a  0.5120.05a  0.69£0.10a  0.49£0.03a N
Hilvb3% Salsola ruthenica AGB/g 1.11£0.12a  0.33:0.14b  0.330.09b  0.26+0.02h 0.06+0.00b
BGB/g 0.20£0.06a  0.03:0.01b  0.02£0.01b  0.02%0.00b 0.010.00b
TB/g 1.31£0.17a  0.36:0.15b  0.35£0.09b  0.28+0.02h 0.07+0.01b
2840 /L 5 Halogeton arachnoidens — AGB/g 0.14£0.02b  0.11x0.01b  0.39£0.03a  0.38£0.05a 0.37+0.10a
BGB/g 0.02£0.00b  0.02+0.00b  0.03+0.00ab  0.05+0.0la 0.04+0.01a
TB/g 0.16£0.02b  0.1320.01b  0.42+0.03a  0.43%0.05a 0.41£0.10a
NaHCO,rift % VK3E Bassia dasyphylla AGB/g 0.59+0.09b  1.26+0.30a  0.71£0.09b  0.43+0.08h N
NaHCOj stress BGB/g 0.05:0.01ab  0.14x0.13a  0.05£0.02ab  0.03+0.01h N
TB/g 0.64+0.10b  1.40£0.36a  0.76£0.10b  0.46x009b N
FIVD3E Salsola ruthenica AGB/g 1.11+0.12a  0.68+0.16b  0.22+0.04c 0.22+0.04¢ N
BGB/g 0.20£0.05a  0.06+0.01b  0.020.00b  0.02+0.00h N
TB/g 1.3120.17a  0.7420.18b  0.24£0.04c  0.24x0.04c N
H2h /L5 Halogeton arachnoideus AGB/g 0.14£0.02b  0.11x0.01b  0.29%0.02a  0.28+0.0la N
BGB/g 0.02£0.00bc  0.01x0.00c  0.04x0.00a  0.03+0.01ab N
TB/g 0.16£0.02b  0.12:0.01b  0.330.03a  0.31x0.0la N

AGB  Hi A4t , aboveground biomass ; BGB: b ¥, belowground biomass ; TB : &A= 4 , total biomass

2.3 GRERIIE R R — A AR R ) 0 AR ) o T
2.3.1  HERINA T AR AR A A YN R g A RS

AR EE NaCl Ba R 3 s 025 A4 i o BC Bl Ve B2 A 3 222 b T 3, 35 vk BE RN VD 2 7 150
mmol/L W& BT K, HUXT RAABE AN 13.9% F11 15.6% , 2538 A= B AE 200 mmol/L ¥R BE T fe K, LX) REZH 3
13.5% ; IR R AW LB T R 3 BAH 4 Be S e T PR 3 50 mmol/ L VR N 55 VK3 Vb3 il 2580 A
(R B A BC HT REZH 20 38 N 8.0% (1.4% 1 8.0% (1] 3)

ANEHR B NaHCO, WhE T, 3 FAE 25 i AR 40 i 43 e B ER v B A 38 i 2L T 35 3976 150 mmol/L &
FE T B, X REZE 20 5 11.1% 12, 1% F1 11.9% ; i R AWy i 53 Bl 2 F Bt 3 BaE oy Bl &2 S TS B
B FEUKFLN 2L AR BEAE 50 mmol/L ¥ JE R HEXT HRALE AN 41.19% F1 44.3% , Rl VD3 AE 100 mmol/L ¥ JE T 1
Xof BEZH N 66.3% (81 3)
2.3.2  HUERIRGE R BER— AR RUORAEY) R b T AR

HR5EE LA b T A e A e SR AR B, B I 4 nT LR RS TRIHRBE NaCl BE T, il V032 Fl 25
ERAE R AR G LY 2 S ) B TR B R S R R R B B B S (B 36.8% 1 78.9% 5 25 vKFE (AR e Lt
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Fig.3 Biomass allocation of three Chenopodiaceae annuals under different concentrations of NaCl and NaHCO;
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SRR A A B AR X R 23 A BRI 52

http ; //www.ecologica.cn

FRBUBESROBU N, %



6640

41 %

PEXFER I MU, B 5 AT AR Y, R F B NaCl Jiria R, 25 vk 000 10 32 K [R) 3B 07 1Y 3 SR 38 S bt
NaCl ¥ B3 I S A S22 T B 3, HLAR A BURR MR IR 28 1 Tl 1308 5 11 25 0 AE RO R 7 1) 32 Rk B30 A 12
LTHE# NaCl ¥ FE 2R 100—200 mmol/ L B AR FSER fsk i 22 5 T b 130, RIEIWEEE NaHCO, Wi~ , 55 vk
AN RIS () AU B 5 S TH 5 B A fa 34, NaHC O, ¥€ B R 100, 150 mmol /T Bk AR 38 b A M 2 i 7 3 |-
B3 VD E N TR ) R AR AR 4 5 T Bt B T 1 253k A SO [RIE0 A0 A 468 U R B0 =2 BT Hia s, B
AR ER BB IR 26 8 Tt B, MAR PR AR AR it 32 46 BORF (3% 3) , 3 FiAEAIXT NaCl Fl1 NaHCO, [ i 52
PEANI], 2530 A WA B i 22 MR 2 5 25 VKRR VD 3 | L 3 AR 1) 56 1 52 5 50 3 v 5 184 o 11 28 4k e 3

55 ERFEURAR RO AL A RS AR, R B A 6 P i D) R 7 2 P AT, T e S Dl 583 A i 32 A

R FE S, Salt sensitive index/%
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Fig.5 Salt sensitive index of three Chenopodiaceae annuals under different concentrations of NaCl and NaHCO;

# 3 A[E NaCl #1 NaHCO, iR E T 3 #EERE Y M Eh M Z 3551

Table 3 Salt tolerance index of three Chenopodiaceae annuals under different concentrations of NaCl and NaHCO,

NaCl ¥ & NaHCO, ¥ i
Yyl NaCl concentration/ ( mmol/L) NaHCOj; concentration/ ( mmol/L)
Species
0 50 100 150 200 0 50 100 150 200
=
%{IK% 100 76.7 104.3 72.4 N 100 209.7 113.5 69.6 N
Bassia dasyphylla
Wil vz
M . 100 27.6 27.2 21.2 5.4 100 56.8 18.6 18.4 N
Salsola ruthenica
g
S i 100 80.4 276.8 325.6 338.1 100 75.7 219.0 211.2 N

Halogeton arachnoideus

3 e

3.1 PAERIA RS B, AR A RIS A K A5

ABIESE KB AR A 0T 3 R B4 A B R RV T % S X Bt e 0 sl i R R,
o, B UKD B NaCl Al NaHCO, e JE I5 1 200 mmol/L 16 3E AL T BE 775 , 7 1 253524 B 7E 200 mmol/IL
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NaCl W8 REAEN , (HFE 200 mmol/L NaHCO, kil N ICHEAF1G | 1X 32 B Rl —4F A B A ) % A R 5643 W ad
435 IO A R Y T3 B 23 R RS R A T 25 5 . Flowers 252 A BE S 7E =200 mmol/L NaCl il
AR IR TS AR TS S R, BRI AR AR R N RE SE AR TG S RS A AR AR R AERSE R, 22
R HAE 200 mmol/L NaCl 38 T A7 RATGE IR T 66.7% , JyEh /LAYy | 55 vkZE AR Vb 32 g AR b AL M)

[, AR ST e L, — 7 ViR J3E 1) 0 i %o 55 KB R 1 25 40 AR R i AR KOFAE i AR B e VR L 25 0K
B Y RAE 50 mmol/L NaHCO, Fi1 100 mmol/L NaCl Jrift 5% FEZHAH HLAT Frsin, (12583 A s i dk s
BORAE Y EAE 100 150 mmol/L #hWpiel T 55 % BELLAH He A BT i, 261 35 I REMT % — e R ke, A
WFFE A X F— LTt ER A I 75, (SR e vl DR S AR K T s sh 8 R B W VE . lan, ZE R
FERIKLREE ( Chenopodium glaucum ) A3 52 H BEER 43 W38 (100—150 mmol/L) AAE I, 55 BE £ 4 Whif (>200
mmol/L) FAZIMH" | FRIGE AR RG T, —E W T B AP SRR A B B %, {2
A AT 18 505 M, 3SR A A WK AR K B ARAT DIE dEA AE KR T, I R AE— e R 13
SEAEA) AP RE T, (AR SV B 3 i3 W 23 77 A B B il RN S 125, M A K2 B il L 38100 (HRTR]
I XF 6 53 (8 BIURRAR B AN [ ] 43U X BURRA 400 A 136 PT 8 A2 v 3 7T X e e A A e P A 400 K 10 )
AR Ma Y,

3.2 ENERIMR A X B — AR ROAAE ) A ) oy T ) S )

AR LI, FNERINEE T 3 R i A= W ik oy B R AR AR Ak, 3 R A 4 AR ST LU B 1 3 1 ) A
SR/ N AR FR A Py o3 T B AR e Y 0 S T R R A i A ) 2K AR W 43 T R BE 3 O AE
ANTR)ER A3 W B AT T RGN, B R A R T 28 TR R 1 0T 2 B 22 Y TR AR P b A i AR R
B, XA R B AR A e A R X B R R PR S TRD A A b BB E AN R B ) I v 1
T, 3 ol A S %) B S R S 3 T BB i AR AR 2R A e T B R v B RN R )
PR, X RS A — S R AR AE ) BRI IR R BR, 5 |k AR R AR 0 ER SRR P B 1 3 B R s b
H, AR AR AR LA S AR SCRO R T 5 A, FRh W T R A e o A 2R A A N £
e A — ) AR R R R TR A PR BT A 1 B B, S AR ol A R I3 45 X R 43 e A SURK 14 7
Gy ER AR R R AR R AR R A A3, RE A IR 2 X AR 43 WS, Db rv L 4 £ A %, DT
B A LT ER FE BT .

[, A0 & R, 3 FhRERME Y LEER 2 W30 T 3G hiowt s 356 2 9 A= 4 43 e, AR AIRER 38 F (50,100
mmol/ L) 2= LI N EFE Sy e, $12 = ZEAH i T AR bR A8 TR e, 3R BN 2R b A e A, A A BE LT
R, Wertis 2515 5@ i %} = M-I 32 (Arriplex triangularis) BOBIFZE % B0, = FA M-I 22 0 00 0 T FE 3R 36 A4
ST T BB SARSCIF RS R, —AF AR REARAE VR bl 2 32 SO FE X 30 SR B e AT R T
14 A T BT 7 SR Y R R I T, — AT AR R 2 3 o Xt S AR A VR B DA s ) e K B B U
SRARUE ZHH R D RR S 1 i s A A A K 2 B ok 22 00 B 43 B AS B R A7 , D At 384 i
EFEAR A TR IR 40 Tl REHR R W TR A AR IRCRE 7% | AHRAR AN ) A4 A 77 PR DT A E 52 B A= T35 o, 3k e 9 U 0 i
B AT S — A A R AR W3 7 R B3 Y S 2 —

3.3 BBl AR AR AR I R

ARHFFE KB, NaHCO, % 3 FPZERHEY 908 /E FH 3% T NaCl, ARFEREE NaHCO, i T AEARAF 16 44K,
NaHCO, ¥k B35 %] 200 mmol/L 5} 3 A BIAGEAENG , T NaCl ¥R FE K F] 200 mmol/ L IS4G P Rl AT ) £7 1% , 7]
B NaHCO, B T AFAR AT 258 Bl 300 IR %) B2 B2 78 T NaClL B, A O R e XHE 9 /N T D e
o3 PR 2R A A AR R R A AR S5 AEE 4 AT AR AER I R R 5 3 R R M A K A8 A Al Y
KR EH 7093k 3 3 8t 25 K ,61% 22304 NaHCO, i /E K F NaCl, NaHCO, A F 3 M4y
B RO DL 22, S AH R HR BE NaCl Wae A EL , 25 vKZE A Fk 2 AT 207E 150 mmol/LNaHCO, 38 T AKX 13.9%
H120.2% , WIVHE R BR R HBORLE A B E 100 mmol/LNaHCO, i} F K&K 33.8% (33.8% 1 31.4% , (1254
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A BBk HRORLE A R AE 100—150 mmol/LNaHCO, A F A% 21.3%—32.6% ., 754k, HEE NaHCO, iy
1T (100,150 mmol/L) 3 Fe 4y i B AR £ i 52 PEH 55 , S AH RV B NaCl p38 R 19 64.9%—96.1% , X 5 R4
Bl g 5L ( Chloris virgata) FIRFFE A R —2 7 Wi BARJE TANER {28 NaCl &btk NaHCO, /& Bl P £, ik
PEER X R (0 Foir 1 PR B T RN rp R AT 198 i RS TR AN i i PH (B A B B BRI ST & T
P25 T, XA A (4 e 5 T PR ) St A 53 — 2 1T 8 WA 0 X — 4 A B AR 40 1 3 A PR 3 T
ik

F4 HMERES I HERVEVERKIEFENEXREE

Table 4 Correlation coefficients between salt stress factors and growth indexes of three Chenopodiaceae annuals

wr R WHEC ERK WEEME RFERR SRR
- . Plant Leaf Main root  Aboveground Belowground Total
Salt Species . . . .
height/cm number length/cm biomass/g biomass/g biomass/g
NaCl FUKZE Bassia dasyphylla -0.789 " -0.693"" -0.765"" -0.174 -0.263 -0.192
HIVb3% Salsola ruthenica -0.554"*  -0.584""  -0.841"" -0.756**  -0.632"* -0.746"*
2530 4 5 Halogeton arachnoideus 0.247 0.581 ** 0.139 0.788 ** 0.639 "~ 0.781""
NaHCO, FVUKZE Bassia dasyphylla -0.777** -0.490 ** -0.716"" -0.247 -0.244 -0.248
HIVPIE Salsola ruthenica -0.687 " -0.741"* -0.833"* -0.820"" -0.682"* -0.814""
HZ5 404255 Halogeton arachnoideus 0.167 0.193 -0.284 0.799 ** 0.503 " 0.782 "

% % ok P<0.01, = 7R P<0.05

[, AR SCRIF AR 2 B0, 1 253k A 0 1 it 6 58 70 58 F 35 vKBEFTRI D 3% . 200 mmol/L NaCl i3t T 55 vKZE 1
VD B AE TS N 2230 R B 0% A1 33.3% ,150 mmol/L NaHCO, 38 T Ry 2530 A4 B4 49.9% il 83.4% ,
PEA, 25 R A B ) SR BURE 55 T 55 vKZEFRI VD 2 | FLUAAR R SR 52 P 0 . 3% AT AR PR 253k A BAR R
HER UM AR T 55 DRZE ARV 3% | HAZ SR Wa 2 i i/ . MRS 100 B e fh, oxoF - HE PR 05 1 0 f5URR L )
Xt R RN FRE BT R RI AR R A AR R RN A e B SR M TR A AR AN R PR T
RIBESY . ARG b, 55 UKBE VD S AR AR 22 28 A A E R e T 32 200 5 9, B e o i i
VT I T 2R R A B2 R A S /N B AT D BB — A A B A ) T R Y5 55 T RE AR R A i
RPN AZ SR M8 S R R A G
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