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Abstract

In order to study the low phosphorus tolerance of different genotypes of soybean, four soybean
varieties with different ecological types were selected to study their low phosphorus tolerance
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under hydroponic conditions. Twenty-one morphological and physiological indexes such as bio-
mass, root morphology, phosphorus content and phosphorus use efficiency of soybean seedlings
were measured. The results showed that under low phosphorus stress, leaf area, dry and fresh
weight of above and underground parts of the seedlings, root surface area, chlorophyll content,
phosphorus content and phosphorus accumulation decreased, while phosphorus use efficiency
increased. All indexes were significantly different among varieties, which could be used to eva-
luate the low phosphorus tolerance of soybean. Grey relation analysis suggests that the tolerance
of the four rootstocks to low phosphorus is in order of Chuandou 14 > Jindou 23 > Dian 86-4 >
Aixuan.
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1. 5|15

KRR E = YRR R (ORIE[L]. KT REMEY, B2 A KR T K &
TR BN T [2]. HEREE B AT MK SR i R 2, (H R TR 2R, i 3 e
Ko pE LI )k BEEE S T, ML RO, G IR YR R R A 15%,
J& BAE N — AN 25% [3]. W Eilfie 2 FECE ERISTG Y, HIHRE T A RRMBE SR 248K
S HSNET), B G R R R R S B 0 IR [4].

X ARAL . HEAbSE XK G SR O SR W, AT B E[5). MR MR MIAN[6]. B [7] 2
ISR P ) BB AR . (R FAEM)E LR MR 2 2 R EH], B R —18 bR
M CLHERR 25 e TR BE /1[8]. KRR TR ZMIRERE N — DK ORG, tHE B I %
PRV, SOk TUPAIM EWE[9]. ) 2 R TR E[10]. ANEE[11] FOK[12]. A R[] R
PRIRIIHIEVEAN o AW AR A = K ERE, WFFRBENE FAFZERM KTt AE K. MARBA KA
FRrEaE 22 5, FFIR I AR O SCHE ATS # al F oK SR TRHICIE BE D255 VP4, B 1E N FE 7 TR K S ) i e
Je B R AR AR .

2. M5 RHE
2.1, #itaret

UK A “Bik” « IS 147 . “E 5 2357 R “VH 86-47 , YT AR EBE A i3
AL,
22. MEHZE

TGV I 3 LR ) o HE AR (0.5 mmol/L, KH,PO,, NP)FII fi 36 40 7 (0.02 mmol/L, KH,PO,, LP), &F
AN R FPREA AL B 3 IR H A R EO/N ST R ER T, 1% A R NIZ I 5 min J5 F JE B K 6
WK W RGN KRR R, TR, BAJCIRIEFRAE, ERI0KEs, /e
IF) 5 FR0E S, 15 min, 4 3d A 0.1 mol/L ¥ KOH & HCI 75 77 pH fH % 5.9~6.0.
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23. FENEBIFRE R

H2RER SR SPAD-502 MHERERAGIIE; MR I EREHGNE; ZSATIS R RIE; MR, R
AL AR IRIEEFR AT Win-RHIZO 704t RGEEAT 700 . RPRISCBUS SE B TR 105 CoR
30 min, ZJ5 75°CHETAIEE, A lFRE N R EATE, B R PR L el . B R E (mg/
)= &R x YR x1000; BEFIZ(g/mg) = AVEMIARE; HUEEE = MR E/ BT
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ST SPSS 18.0 Bt SRR AT S M o Ay T TR AR IR 6B 20 R A2 2

FROAORY, AR PRI T E B, ST R (26 W42 £ 4 A K BT G835
P E B IE RO T LA T (CBEMAIEEL = (SR R R$5 b (0 1E 3 060 T I ARIE x 100%.
RSB ARIA]: £ =YnY & (K) Kb, n ZRMRE, k RN, & RREmRN,

k=1

| R

3. ZRE S

3.1 IEBIEX T EEERAS HHIEL R SRR

3.1.1. {KEMmERTA ki ERRAE KRR

IR R, (RBEIE T 4 AN KRS AR T AR . Hb b3 SR BRI (R 1), FRIR 2
N 34.1%~86.3%- 4.2%~74.3%F1 15.7%~73.7%, A[Fl A EIEAAE R EZ S . KBNE T, &5 23 5H
NS 14 FIAR SR 2R I B0 BEBEE N, A A 86-4 HIAK s A1 2RI D o E IE LB AR B
MR, JH 86-4 fbkm . HHE AN B E Ry T A = AN A

Table 1. Effects of low phosphorus stress on shoot growth of different soybean genotypes
= 1 REmEXT AR EE R K S 4rE i FARE KRS0

FER Y Fksi/em ZEH1/mm T A/ mm? Hb b /g b | R W
IEHAERE
Wik 9.9+0.71b 3.33+0.30a 219.27 +32.14 be 6.18+1.71b 0.74+0.21b
WwH 235 11.7+061b 364+037a 359.60 +40.90 b 5.29+1.06b 0.71+0.15b
H 86-4 162+171a 363+£0.23a 524.43 £77.57 a 12.76 + 2.63 a 1.64+0.352
JIIE 14 10.4£0.98b 2.39£0.14b 14150 £ 27.44 ¢ 2.94+021b 0.44+0.04b
TERBE e
ik 7.7£096b 241%0.15b 39.27+14.33b 1.63+0.35b 0.19+0.04¢
L5235 126+225a 3.65+0.60a 49.23+7.80b 434+0.67ab 0.68+0.08 b
7H 86-4 13.1+051a 3.30+0.14ab 345.90 + 44.42 a 753+0.11a 0.96 £0.03a
JIIE 14 12.3£0.87a 2.53+0.05b 55.23+2.63b 2.48+0.12ab 0.41+0.01 he

T RPEAE A bR F B RIS R/NS FRERORAE 0.05 KPR FEER . T

3.1.2. {REABMEN A SRR E KRR
RBRMA T, BRI 14 IRA T EARMABARIE ISR 2), AR KERF IR AR T ER . RAEK.
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IRFTH AR B BEAR, FEIE S5~ 15.5%~38.5%. 44.2%~78.7%- 17.1%~64.1%F1 4.5%~36.0%, tL
B BRI 2 AN SRR O B FIVE 86-4 . RBEINE T, BRIk A5 14 WIARGH L 5 1E 4 (R A BEA L i 3%
PEZES, TS 23 SHNE 86-4 AR LL 35 TR, FERIES 70 37.5%H1 23.7%. fIGEEAIE & LB 2% T,
E 86-4 I KARK . IRATHHES, WMABBARRIH ., RATE L ARREI R E & T H A K S .

Table 2. Effects of low phosphorus stress on root growth of different soybean varieties
e 2. (REEIME T A E iR SR AL KA

F P B em PR EAR/Mm AR em® RAKEH/em®  RATHlg HRRHL R EL
AT

I 40.7+2.79ab 104+015a 347+105b 12827+2055b 022+008b 474+6555b 0.29+0.02ab
%5235  432+115ab 091+0.12ab 3.19+0.69bc 137.82+11.58b 0.28+0.10b 595+47.16b 0.40+0.0la
1 86-4 483+509a 110+005a 6.94+025a 25356+9.92a 057+007a 1017+11948a 0.38+0.07a
NI 14 32.8+£246b 061+0.05b 1.19+008c 7843+480c 010+00lb 487+8405b 0.24+00Llb
ISzIBE

bz 3 283+736a 064+0.02b 074+017b 46.09+980bc 005+00lc 358+30.73a 0.28+0.02a
TF 235  425+715a 069+002b 1.78+045b 101.64+2432ab 0.15+005b 531+164.14a 0.25+0.04ab
1H 86-4 389+1.73a 093+0.08a 338+040a 14448+428a 028+0.02a 651+6350a 0.29+00la
NI 14 31.8+257a 0.78+007ab 125+0.06b 6503+453¢c 0.10+001bc 465+21.67a 023+0.02b

3.2. {REAEMEXHER R EHI

{RBEMrIE FERVE 86-4 #M(14] 1), HAMPMR S ERK, HEFEERE > 9235 > JIIE 14, &
M 16.1%- 4.5%F1 4.0%, {5 I L S A A I R SRS R Tl A B BURR
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Figure 1. Effects of low phosphorus stress on chlorophyll content in leaves of
different soybean varieties
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33 R#MMEMAFEREATHEE., HRRERBFRMRHRT

ERBEME T 255 IR G bR T Pl & 8 LA R RS, TR R S B
PERETE . IEHALBE N, SRR ROR G M R S B A R B S B 0y 1.64~2.53%7F1 1.04~2.10%,
TR ol b s 2 R b S 308 75 5 20 )& 0.73~1.97 %1 0.42~0.83%; 5 Jik [A 28 K &2 (1) |- 351
H R AN 2R B PR R K I R AR IR, RS 79.7%H1 89.0%, Y 86-4 YR, T FH 2 2 1 M e
KIS A2 3 (72.9%), 55 23 5 HIVE 86-4 IR (3 3).

Table 3. The effect of low phosphorus stress on phosphorus content, phosphorus accumulation and phosphorus utilization

efficiency of different soybean varieties

3. RBENTEAERMHHSE. BREAELHMF BRRNZE

R B R b R AR T EBEA R bR PR AR

BN Hh B R% {mglHE) I(a/ma) R R S /% HmalHE) Ia/ma)
IEHHEwE
Wik 2.34£0.13a 17.80£5.98 b 0.16 £ 0.04 ab 1.72£0.20b 3.90 +0.75 hc 0.06 +0.01 ab
TH 235 239+016a 16.58 £3.01 b 0.15+0.03 ab 2.10£0.04a 5.92+1.12b 0.05+0.00 b
1% 86-4 1.64£0.11b 42.15+10.05a 0.07+0.02b 1.75£0.02b 10.04+1.24a 0.06 +0.00 ab
JIIE 14 253+0.13a 7.27+£0.96b 0.23£0.02a 1.04£021b 1.06+0.18 ¢ 0.11+0.03a
(iRzI3
3 1.97 £0.04a 362+0.52a 0.59+0.16 a 0.83+0.03a 0.43+0.09a 0.12+0.01b
TH 235 121+018b 11.26+2.90a 0.22+0.08b 0.81+£0.29a 149+091a 0.15+0.07 ab
7H 86-4 0.73+0.05¢ 1575+121a 0.10+0.00 b 0.70+0.10a 2.00£0.39a 0.15+0.04 ab
JIIE 14 1.81+£0.06a 406+040a 0.25+0.00b 0.42+0.07a 0.44+011a 0.25+0.08 a

3.4. FEXEmAE A EBMESEE TN

FF S SN AT S TR 4, HmEE 4 ATRL AR R TEFTE TR B bR _LEE
IR H o K B —FEFR VPO R S IR BERE /1 B A — 2 B v, 2 Mehrdi T 25 6 0P B 2R .
IR IR T DK B U A HR A A AR AR AL FE BRI B U 28 i B BOOR TR, AR SC IR B 06T i
B B fe J11E P . BT BN e LR ERE — S % 0. B NMERRSEE, &
ST R T4 5. )11 5 14 (K EIREE r = 0.8396, 5% MM LG ER K, £HES
S SRR, TR I P B R R & s B a R S R S AR T 23 5, ORI
ri oA 0.7001; h G Al ol 1k e 222 1) K O W 2 VL 86-4 AN, SRIBRIEE r; 4394 0.5788 Al 0.5520.

Table 4. Stress index of soybean morphological index and physiological and biochemical index
4. KRERSIEFRFEIRE WIsFrmBIs 3

- TR AEK A% Fo 26 45 510 (%)
fatx
ik EH 235 H 86-4 JIIE 14
SPAD f& 83.9 95.5 101.0 96.0
3=l 78.1 108.4 81.0 118.9
=M 72.2 100.2 91.0 105.7
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TR

Continued
- IR 17.9 13.7 66.0 39.0
b FE 26.3 100.8 59.0 118.3
Hhy b 25.7 95.8 58.4 101.2
RKRK 69.6 98.4 80.5 96.9
R34 B4R 61.2 76.4 84.9 126.9
SR AR 21.3 55.7 48.8 104.4
SRR 35.9 73.7 57.0 82.9
JEVIESIS 58.1 94.6 67.2 66.6
b e 2 31.8 60.0 51.2 101.9
R T 24.4 53.3 49.1 98.8
HRARHL 75.5 106.1 64.0 95.4
g L 97.7 63.3 77.2 95.8
b 7 s 83.9 50.5 44.6 716
Hh bR R 20.3 67.9 37.4 55.9
Hb bR R A AR 376.5 141.4 147.6 95.7
T 48.1 38.7 39.9 40.7
R R R 11.1 25.2 19.9 41.6

Table 5. Grey correlation degree and low phosphorus tolerance of varieties

% 5. EmiPRIR & XEKE R 88 Dk

il Bk HE 235 H 86-4 JIIE 14
RIKE 0.5520 0.7001 0.5788 0.8396
Her 4 2 3 1
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HRUARR AN [22] KOKBEDHERY: AT IR B0 2R RGR ) SRR = 14, BRIR R K
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