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Abstract: To study the mechanism by which phosphorus supplementation alleviates saline-alkali stress on legumi-
nous forage, the moderately and heavy saline-alkali soils in the Songnen region were selected as the cultivation
media. Five phosphorus supplementation levels(P0, P20, P40, P80, P160 and P320 mg P/kg dry soil) were set up
to analyze the responses of the root/leaf functional traits of Astragalus adsurgens and their impacts on the biomass
of seedlings. The results showed that, phosphorus addition induced a reallocation of aboveground biomass(AGB)
and root biomass(RW) in Astragalus adsurgens seedlings. Under severe saline-alkali stress, seedlings prioritized
root growth, whereas moderate saline-alkali stress triggered preferential allocation to aboveground organs. Key
functional traits, including specific leaf area(SLA), specific root surface area(SRA), specific root length(SRL),
root length(RL), and root tip number(RT), showed an increasing trend with phosphorus supplementation, while
leaf dry matter content(LDMC) exhibited a decreasing trend. These adaptive adjustments enhanced the capacity
of leaves and roots to acquire water and nutrients, reflecting a resource optimization strategy to counteract saline-
alkali constraints. The results of variance decomposition showed that the explanatory degrees of the root and leaf

functional traits of Astragalus adsurgens on AGB and RW under the moderate salt-alkali treatment were 46.2%
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and 37.7% respectively, and those under the severe salt - alkali treatment were 66.7% and 35.7% respectively.

Combined with the analysis of the economic spectrum, the roots, leaves and whole plants of Astragalus adsurgens

showed an acquisitive strategy under phosphorus addition. From the moderate to severe salt - alkali treatment, the

leaves of Astragalus adsurgens showed a conservative strategy, the roots showed an acquisitive strategy, and the

whole plant showed a transition from an acquisitive to a conservative strategy.

Key words: Astragalus adsurgens; Phosphorus addition; Salt and alkali stress; Functional trait

V> FT BE (Astragalus  adsurgens) X 44 H 5B 1G |
R, 2GR KR Z A AR Y) . UATHE
RN SO ENERHEY, 5SRE
A A al i E R P A, B SR T R
M BRAE AL RS, 8 B R Y 3 N R
ANHTIHPER, Hy T A B XU 70 8 5 A 3 R el
S5 07 T 1 5 YRR VE L VD AT RE T AR IR AL R -
EOCR W EAE Y)Y, A IR M TR R 1Y I
FTER WAL B, 3 4F R 32 A 22 A AT 20 3l
F 52 Wi, R MR AR IR) B H g ™, R W R R
K, T Eh m AL R R . TR R L YT RE
Vi by 5 0 5 b 2B S4B S ) S s b, B — Bk
HARR 5 258 WKL &4 o AT U0 AT IE$T
AR A S AL A LRE S 18 5 VD AT IE AN v
TS B, B AT Dy h iR AR S R G A 5 D) EE
8 BB [0 1 52 i fHE AR B

A HEFR IR G0 E R B T R B A R
A6 5 R G BE RR ) H R 2 — , B A T S R ok
(9 58 0, — J7 T AR ) ) 8 1) A WAL RE T 23 AR, 5
— 5T, B pH AE (- 5 b s 75% 1 B R
=5 Ca Mg 5B T 455 8 ORI & W) L
— 0 AR A O o AR P R A ) AR IO I 1Y)
WEAVE MY E AR I RE AR AR R T
X B 32 PR DAAE O & B, AP TR B A
AE % Dl 72 IS A S 0 A IR 2 Bl N T M A R
(Panicum virgatum) tb iF 18 AL 0F R 90 5 A G
B, 22 A R ROM 38 09 fe FY L it 8 AT AT
DL 2 1R 5 A AE (Gossypium. hirsutum) 76 38 W 38 4%
PET B AR A A B AR 2 T AR B AR AR O L, AT
3 W 30 B R EEY ) X5F AG AT (Dianthus chinensis) . 7K ¥
(Agropyron cristatum) . H 1& (Medicago sativa) F1 b 24
(Allium mongolicum)4 T FL A Al ) bF 5 Jc UL, 7€ W
W MWAER MARHALEE WRKY LA
B FEE, A B ok, & R R DAk
PER TR AR 09 i 7 AN AR [ PRt AT 22 2
AE PR PRR A E AT S5 20 15 00T AR 0 % 308 455 Jolk 3 114 52
e AL F SRR o AR, X T VR AT RE SR
B B 455 P 38 1 ) 7 AT 5 22 5 DA ) A B A R )

BP0, Bl R R B ) A 6 U 4T BE 9 5% ) K 1)
FE T DR 3K 2l ML i A e 3

AR 5% 38 2o 2R B I A A 9 AT A AR LR
B R W I b BOAS ) 6 B £k o b - 3 A 1, i
FE 5 AN BRES K-, DB T G bl AR 0L 4 % A 2
1) Z AR H A o 38 sk 00 W R 43 TS I X A TR AT
AR B - N VD ATRE () AR W i AR AR, BT VD 3T RE R
AR R PR LR S w456 W D g vk
AR E TR 2 B, DU VR A BRI BE U I R v 4T
HEE T 5 5 P 58 119 3 17 SR W, iy U8 B 4 T R 0 2
HAESBE U R RS L8RS %,
1 #M#EF*
1.1 R

2023 4 4—7 H |, 3 BGE A K2 T 22 K ) v
& K TR AR 5 AR 1k 55 0~20 em 2 LI (G 1),
TR 2 T A L i AT AR A
216 cm = BE17.5 em, B2 AR B A 2 kg
W DR B 2 b R R 0 3 5] — B0, R sl 4 S
17385018 & Bt W RN 3k 0 55 A0 21, JF- S bR AR
WRAE AT o R VD AT HEAE Ry il g b1 kL, HoAh 72k
B & M ROl B 2 B v b 5 AR ST, R ZER
90% LA I o B e A6 ELR /N A P o HR
WA ZE IR AR BIIE D o 5 R 2 AL T,
FEse b R R R S RIAS [R B AS n  A R
o Hrp BRI LS BERR 55 (P,0,>16%) Wik, 43
3% B P20(20 mg P/kg T 1) . P40(40 mg P/kg T 1),
P80(80 mg P/kg T 1), P160(160 mg P/kg T +) Fi
P320(320 mg P/kg 1 )3 5 A K -, LA T INwE R
Syt A (CK), it 12 b 3, AR A b 3 3 4
TR BA 10 dJE 31T R ERAE , 0 O 15 B 3 Bk
WATHES i, KBS P A R #IT#ER
IIMALEE . BT AR AR R DR K 1R, BRI R K
WA 025 L, Uiz B T REm, \ENAKR
TRFFFE 24~27 °C, IR FF7E 18~21 C,
1.2 HEYEEEFNE

U ITHERS AR 6 JAl Jo A7 HORE , B R 4R 1 B
BT RERM L RARDEEE TR E N



84 B | | A A 514

b ORI AR O ] SE R FE R SR
T F 4 CHE R VKA AR AF 12 b BUB SO g
YR Tk R R K Ay, S BVRREE, RO ok B B4R
FK i F(LEW , o), 1 i T RSO ot i 7 ) - T
FULA, em?), SRS W T o TCA 65 “CHEAR T &
T PRE RIS M R THE (LW, o) B Woak iy #i ik
i b4 7E 105 CHEAH R T 25 min J5 , £ 2
65 ‘C N HETFE F Ny 1k, 45 G Z HiE 1Y LW, 48
o H L EB A (AGB, g/#k) . FRIGEHE T VDT RE R
F B R sk A 20 B 06 S 4 0 B I E D E A
TCE M (LNC, %), 55 TR BRI o 150 2 A T 3R
T (LCC, %), PUAH B b e ik e B s R 1 & &
(LPC, %) “F U0 4T HE A9 AR AE a0 K v, AN 1
B Hb V-5 A 5 WY SOREEE AR B, T 4 (Laserjet
Tank MFP 2606sdw)7E 300 dpi 73 % F 148 , F14
U 14 & 4% 5% F Win-RHIZO # 4, 38 15 4R K (RL,
em) FRREL(RT, N/0E) AR 2 10 FLURA mm?)  HRAK
FURB, mm’) AR B A2 (RD, mm), & i B V0 4T HEHR
FEALTE 65 CHEAR th b T 2= E d ok, RIS VAT IE
BRI R AP R (RW, g/ b)),
1.3 HiEaE

TR LT MR T 5T & 5 (LDMC, %) ., b it &
(SLW, g/m?), b FL(SLA, em¥/g). LR (SRL, m/g).
Fb R 26 T BL(SRA, em/g) , HR 41 41 & (RTD , g/em®)
LIe k. ALnF

SLW = % ....................................... (2)
LDMC = % .................................... (3)
KD = BV "
SRI, = % ....................................... (5)
SRA = % ....................................... (6)

FIH Excel 2010 # #4445 , F] H IBM SPSS 22
B AS TR A B R V0 3T IE 4838 b Bt e b A1 2
IES A3 A A 22 55 MR 5, 32 FH Duncan £ 56 % 4%
W AT 2 W, 8 3 MK O @=0.05 AT FRL L R
75 2% 53 Bt (One-way ANOVA), A ] £5 5% &b 2 fi] ( o
JEE RN EE B ) %) 25 5 D) SR FH TC X6 R A ¢ A 56 (P<0.05)
iz FH Pearson AH ¢ 28 5034 % v B R0 LD B R 4%
FRARHEAT A MR 43T L FE 0.05 7K T 2E 4T AU A 5 5
15 A B /N 3 [B] 9 (PLSR) 7 vk S 4 5 h 4% 38
AEPER AR 5 7 F ZE(VIP), B AR & % PR AR & )
SRR o A3 43 A R A3 iR R A R
PR R4, A0 R B AT A — e LTS 5 H Pearson AH
RRBRIR A& MR AT 05 5 — s Sl (PC 1) FNER
TR R (PCRY B IR o X AR A R AR
Y PC1AS oy EAT o K 36, DA S 45 28 U 1 1) 8 f A
At FH R4.4.2 A4 H “vegan” LY “varpart” DI HE K
SR 22 53R A3 M, B Origin 2021 B2 A

SIA = e ettt 1

W (1)

x®1 EHLEEAZHER
Table 1 Chemical indexes of potting soll
AR HHLTi/g kg™ SE% g kg™ AW /mg kg™ . CEN AT

Salinity Organic matter Total nitrogen Total phosphorus ~ Rapid available phosphorus P Saltness
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Note: Different lowercase letters indicate that there are significant differences among different phosphorus addition levels under the same saline-alkali

treatment(P<0.05). The asterisk * indicates that under the same phosphorus treatment, different saline—alkali soils have a significant impact on the traits

of Astragalus adsurgens(P<0.05), the same below.
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Fig. 1 Effects of different treatments on the growth characteristics of Astragalus adsurgens
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Fig. 2 Effects of different treatments on functional traits of the leaves of Astragalus adsurgens
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Fig. 3 .Effects of different treatments on functional traits of Astragalus adsurgens
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Fig.4 Relationships among functional traits of Astragalus
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Fig. 6 Impacts of Astragalus adsurgens functional traits on aboveground biomass
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Table 2 Bivariate relationships of individual traits in leaves, roots, and the plant economics spectrum with PC1 and

PC2 scores of Astragalus adsurgens.

S 2 MRV % M2 B
Leaf economic spectrum Root economic spectrum Whole—plant economic spectrum
Functional trait
PC1 PC2 PC1 PC2 PC1 PC2
Lo i T AR/SLA 0.770%* -0.080 0.730%* 0.200
Lt /SLW —0.819% -0.120 —0.784%%* 0.190
4 52 i /LDMC —0.664+* 0.463%* -0.790%* -0.140
5k & i /LCC 0.310 -0.820%* 0.353* 0.47 1%
(S LNC 0.667%* 0.586%* 0.540%% -0.310
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Fig. 8 Effects of saline—alkaline stress and phosphorus addition on functional traits and plant economic strategy (PC1) in

Astragalus adsurgens
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