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Effect of Sucrose on Root Morphology and Substance Accumulation at Soybean

Seedling Stage under Low Phosphorus Stress

KONG Ling-jian, ZHU Qian, SHAN Yu-zi, XIE Fu-ti, WANG Hai-ying , ZHANG Hui-jun, ZHAO Ming-zhe,

AO Xue

(College of Agronomy, Shenyang Agricultural University, Shenyang 110866 ,China)

Abstract: In order to study the effect of exogenous sucrose on the response mechanism of soybean seedling to low phosphorus
stress, this study was conducted with two different phosphorus ( P) efficient soybeans, three P concentrations (0, 0.05 and
0.50 mmol-L™") and two sucrose levels (0% and 1% ) , to investigate the traits of root morphology, sucrose content, P ac-
cumulation and plant biomass at soybean seedling stage. The results showed : For the low P efficient soybean, sucrose applica-
tion enlarged the increment in root tip numbers of the high P efficient soybean than the low P efficient soybean, from 28. 5%
to 88.9% , compared with no sucrose application. Sucrose application increased the sucrose content, root phosphorus accumu-
lation and the root biomass averagely by 15.5% , 7. 2% and 26. 6% , respectively. For the low P efficient soybean, the su-
crose content, root phosphorus accumulation and the root biomass increased 18.4% , 31.7% , and 50.6% , respectively.

This result indicated that sucrose application affacted more significantly on biomass accumulation and nutrient absorption for

the low P efficient soybeans.

Keywords: Soybean; Low phosphorus stress; Root; Sucrose; Biomass accumulation

BREYE R R BB AT EZ " B
NEZAR m R = 1 W B, (0 H AT IR G 3
JE A DRI AC ) T AR, 2K ™, O EL7E - e
Ty s S ) TSRS S R, AR B I S R
B2 I8 B 5 B AT G — R B, 2 50
RPN AR A LA S el B 26 P8 1 1 3 4
Wi I BB SR AR B 0 ROV R,
BRI s RS Sl A isziﬁﬂ»“ﬂﬂZk
30 AR AN TR AEL ) o o 2 0 a1 R AR G AR AR

I %5 H #3:2018-01-26

EEWA LTS F BT A A R R8T B (1JQ2015097 ) 5

(2017YFDO101306-04) ,
E—IEEE N AL

BRIy TR 3E 07 AW e ™, RIRRAR R AE
2 B 30 I 2 2 B A ) TR RO 8 s 28
BB 2P e B 0 S Al 3 A A A
Yy, FEARBERE T, PRI B2 5, BELWT R 12 A
SR N R Rk 0 R T LR T A
R EARWEI G AT S B 1 2 R 2k i i

BRI RN A 15 5 4 O 1o ) B A5
PR FIHLETS , A R0 F5 3 o8 0wl 1 36 1) g iz AL
SR AR 5 B 300 A 3 M B [ IR P R A

L7 B AR 5L 4 A 0T H (201701526) 5 6 K& i BF 314

§1(1993 - ), 55 i, EENFE R EFRAIPIT . E-mail :18240418826@ 163. com,,

BIRAEE (1979 - ) L, 1, BIEUR, ERNGHEYE SRR AL B . E-mail: gebywka@ sohu. com,



240 K R 21

JIUAHERRE I 2 AR CHIEAR) 5 B W1 8 A 1K,
AFERER KRR R R R B I =R R
N FEZF 58 R AW IE AR R S5 e 57
AT T R AOBR T AR IR X 1 U A
ZARAETR AR I 30 DR AR AR A i O BIL A 2 AT A
TLo REMEVE N — B0 {5 5 4 5 2 5 0 1 R AR 2 0
ALK AR i 17, 55 B 4 W i 5% iz A 5 A% 3
FHOG o DRI, A5 (3t 4 TR o A 2 R (R HR L IR o
SELOEA AW i LR AR N TR 3 & SIS EE D NITR i
WL A A FATL ] , XT3 5 R B e A
R ALEZED T AR BRI E A
P, A TR A BEOGS 76 AS [ W8 K P ik 25 R B AR
FILSHY AR R0, DR T 55 Y 5
RN R AR 38 1 AT PR, R D it A%
BEEPNGE  EN R INE TEPNER S e & L S
ek

1 #R57FE

1.1 #

AR & R IL R 13 (L13) FgkE= 3 5 (T3)
HASTRIZE DA 226 A4S K A Bl (R ) i R Y
AR K G . 105 13 (L13) i & 8505
Pl 86423 5 (T3) B IRAL SR,

1.2 RI&igit

RETE VL B AR K 22 KRG it A7 5k M
YUASHE SR R XL ®IT, 3 RER, XN
SRR (C) , BLIX R RERE AR BE(S) , P2 IX N B vk
(P), #HEEM M H,0,H 85, fEFhF 48 b ApiE,
A€ 3 bk HEOCAZF 48 h 5, B R AR EDE IR B
FREIGSR, WIS 16 h L /8 h JBiE, 18 ~
28°C ,ZRIRKIGF . TRW VE W (Firt2 @) I ih
BIRWIE SR, T HEAT AN [F) W 32 %) R W Rl 22 Ak 7
WE 2 N FERCE, B IR (S0) s 1% (m: v)
FEME(SD) o B 3 A/KSF, RIJEH% (0 mmol - L™
KH,PO,, F] KCI 4 #5580 £h v i 5 1E ¥ i — 2,
PO) , {f#;(0.05 mmol - L™" KH, PO, ,P1) FliF & &
(0.5 mmol-L™" KH,PO,,P2), HEEFITE(LE
W) B REE RS IE A S0 : 4.5 mmol - L' KNO;,
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Table 1 Effect of sucrose and P on root morphology of different P efficient soybeans
ISYIESIS RN PR EAR HRAATR -
S
Kb 3 Total root length Total root surface Root diameter Total root volume
Root tips
Treatment /em area/cm? /mm /em®
L13 T3 L13 T3 L13 T3 L13 T3 L13 T3

SOPO 335.3 a 214.2 ab 53.0 ab 40. 8 ab 0.51 a 0.61 a 0.67 ab 0.62 ab 284.3 a 211.3 abe
SOP1 313.2b 238.6 a 45.5 be 46.7 a 0.50 a 0.62 a 0.53b 0.73 a 286.0 a 227.7 ab
Sop2 284.6 ¢ 220.5 ab 43.7 ¢ 41.7 ab 0.46 a 0.60 a 0.54 ab 0.63 ab 273.7 a 217.7 abe
S1PO 351.5a 204. 1 be 57.1a 35.2 be 0.52 a 0.55 a 0.74 a 0.49 b 408.7 a 270.3 a
S1P1 284.9 ¢ 148.0 d 44.7 be 28.7 ¢ 0.50 a 0.61 a 0.56 ab 0.44 b 331.7 a 133.3 ¢
S1P2 287.9 ¢ 181.9 ¢ 46.5 be 35.1 be 0.51 a 0.61 a 0. 60 ab 0.54 ab 350.3 a 174.0 be

[RIF AR [RING F 1R 5% K EF LR RE, TR,

Different lowercases in the same column represent significant difference at 5% level. The same as below.
R2 AREELETARBNERAERAZRSMEKE LR

Table 2 Comparison of root morphology of different P efficient soybeans under different sucrose levels

e SR M1 WER HLARFR HRIAL
) Total root length Total root surface Root diameter Total root volume Root tips
Treatment
/cm /cm? /mm /em® /number
L13 311.0 a 47.4 ab 0.49 b 0.58 ab 281.3 ab
Mean of SO
$1 749
308.1 a 49.4 a 0.51 b 0.63 a 363.6 a
Mean of S1
T3 224.4 b 43.1b 0.61 a 0.66 a 218.9 b
Mean of SO
S1 P4
178.0 ¢ 33.0 ¢ 0.59 a 0.49 b 192.5 ¢
Mean of S1

SR FIAR R i AU O 2 AR RIE 46 1, 78
sy ) R AR Ak LR Ak B TR) A7 AE 2 S (P <
0.05) , Horpr AR K 28 52 B R B4 B 2 7K F (P <
0.000 1) BRI REME x B HEWE > i Bl FIRE x

it Pf AR LA 45 F A7 A AR RO HL 22 e 3K B ek 25
(P <0.01) 5 MiHR 3 1 BUFE M < i Bh AR x i ol
AL BRA 5 AE A BRSO 22 57 .35 (P < 0.05,)
EREARBNARE(R3),
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Table 3 Variance analysis of root morphology of different P efficient soybeans

AR AR B LiE IR IERE HRAATR MRIH
Source of variation Total root length Total root surface Root diameter Total root volume Root tips
C <0.0001 0.016 0. 851 0. 136 0.238
S <0. 0001 0.022 0. 811 0. 305 0. 205
P <0.0001 <0. 0001 <0. 0001 0.413 <0. 0001
SxP <0.0001 0. 066 0. 464 0.403 0. 137
SxC <0. 0001 0.001 0. 134 0. 004 0. 027
PxC 0.002 0.021 0.214 0.085 0.923
SxPxC 0.334 0.522 0. 654 0.623 0.793
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KE(T3)HNNT 18.4% , 25k B EKF-(FS5).
ZERRI] BERBOR T (LI3) By MR 7 i £ 2 5
AR T B2 0 5 TR R K2 (T3 ) T2 7 finoa Ak
PRI, 32 20 K152 e Sk 255, £ 192 o R 7R 0 T 3E
AF T TR S R

XTT PR b R AR SR, AN TR &b B
YHE TE 8 B b BT 3K 30 A KB 1 7R I A R S
A i P e AL 78 R (IR b 3L, 35 N e )5, RO
TR AL FRAR Eb , PSSR K 0 3t i R L R
TR W AU b PR A i K F (L13) M

AR A R BRI ARCOR L (T3) iK% 50. 7%
(F£4) . MTENMBEIG P Z [0 22 FB&AK R 40.3%
1B b ) 22 S ATh Ak B B KO (R 5) o SRR
P gt o ) - S AR SR AR I A A, X P A Ak
TR SR R b A ) 0] B AR
T2(T3) M e R AE A TCRERE A b BT, 1
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AR A RBREIINEZ WA B B EAKF(ES),
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Table 4 Effect of sucrose and P on nutrient accumulation of different P efficient soybeans (mg)

4o HEWE &R Hi BN R AR

Sucrose content Phosphorus accumulation in shoot Phosphorus accumulation in root

Treatment
L13 T3 L13 T3 L13 T3

SOPO 0.609 d 0.474 d 0.181 b 0.282 b 0.161 a 0.101 £
SOP1 0.593 e 0.510 ¢ 0.206 ab 0.297 ab 0.155 a 0.118 d
SoP2 0.622 d 0.479 d 0.210 ab 0.320 a 0.140 a 0. 109 e
S1P0O 0.681 ¢ 0.601 a 0.188 b 0.250 ¢ 0.149 a 0.132 ¢
S1P1 0.698 b 0.577 ab 0.194 ab 0.308 be 0.159 a 0.136 b
S1P2 0.727 a 0.554 b 0.228 a 0.297 be 0.181 a 0.165 a
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Table 5 Comparison of nutrient content of different P efficient soybeans under different sucrose levels (mg)
et Hb b R R AR BN R
Ak FEN &
Phosphorus accumulation Phosphorus accumulation
Treatment Sucrose content
in shoot in root
L13 S0 -4 Mean of SO 0. 6081 b 0. 1989 b 0. 1519 a
S1 -4 Mean of Sl 0.7021 a 0.2032 b 0.1629 a
T3 S0 -5 Mean of SO 0.4876 d 0.2997 a 0. 1093 b
S1 ¥4 Mean of Sl 0.5775 ¢ 0.2850 a 0. 1440 a

2.3 ERENARBBERAEENENTIN

X ROR B (LI3 ) AR PR T B, 2% b
A2 AN [ Wi 7K S Ak B AG 2 00 5 T AR 2 (T3)
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Table 6 Effect of sucrose and P on biomass of different P efficient soybeans

BT E WA W L
s Whole plant dry weight/pg Root dry weight/pg Root/shoot ratio
Treatment
L13 T3 L13 T3 L13 T3

SOPO 158.9 b 127.0 d 50.4 ¢ 35.5e 0.46 ¢ 0.39d
SOP1 157.5b 135.5 ¢ 47.7d 39.7d 0.43 d 0.42 ¢
SopP2 160.0 b 127.2 d 47.5d 32.7¢ 0.42 e 0.35 e
S1PO 176.1 a 154.9 a 63.6 a 56.9 a 0.56 a 0.58 a
S1P1 180.3 a 150.7 a 63.8 a 54.0 b 0.55b 0.56 b
S1P2 176.4 a 143.8 b 55.6 b 51.6 ¢ 0.46 ¢ 0.56 b
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Table 7 Comparison on biomass of different P efficient soybeans under different sucrose levels

Ab 3 Btk THE

Treatment Whole plant dry weight/pg
L13 S0 -1 Mean of SO 0. 1588 b
S1 ) Mean of Sl 0.1776 a
T3 SO F-34 Mean of SO 0.1299 d
S1 3F-34 Mean of SI 0. 1498 ¢

BT E IR

Root dry weight/ g Root/shoot ratio
0.0485 ¢ 0.4402 a
0.0610 a 0.5243 b
0.0360 d 0.3829 d
0.0542 b 0.5658 ¢

RRe 3737 Pr A NGRSl Ui -3 & R T IS
I AR AR A R R R R T S
PSR GIRR AR RE FUREL 40 AR 6 A0 AR P e R 2 2
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