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B ORI KRR A RHIE LLOR EAR R 57 i G R  ARIE5E ARR T 1A AR ELah Fh = 55
AN 18 Sk, SR FHK P50 J2 A3 B0 BE W AN [7) FO ok 15 20 i, 0 1 Rt b ) AR S T AR AR T o AR LT
AR ZR A i ™ d R AR B R AT T AN LR S5 RRIT R EAR R 80. 6% fAAE T H 0 ~ 20 em )2
M,55. 6% AFAETAKF-0~ 5 em LJRN . RERRERE RS MEER 0.5 ~ 6.4 g, lERTERGEH I 17.6 ~
67.9 m” kg™, A 55 M 8 (YR EAC S FL R bR T S WK IEARDE(0. 710 ) Ak i IEADG(0. 908" )
£ RS ], REAEHE L 0 ~ 20 cm 120 ~ 40 em )2 AR AL 51 5 Bk 7 it 52 10 3 ORI DG (- 0.794 7 ) il 25
IEAHSE(0.837 ") fEHE B 120 ~ 140 em 2 JZ A RIHR T35 Bk B 2 A R 35 TEAHSE (0. 90477 ) o RE™ e &
BLREE BARRICBUN RN S S 4255 RS WITE 20 ~ 40 em + 2N WR Z AT 120 ~ 140 em +ENARTE .,
FEAIR RS TR 0 ~ 20 em 2 N AYMRRTAAR, X i R B i AT 2
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Root Distribution Characteristics of Different Soybean Varieties in Heilongjiang
Province and the Relationship with Yield

ZHOU Hang', GONG Shen'
LIANG Xiao-yan', LI Bing'

, ZHENG Dian-feng"">, FENG Nai-jie', QI De-qiang', ZHAO Hai-dong',

(1. Agronomy College of Heilongjiang Bayi Agricultural University, Daqing 163319, China; 2. National Coarse Cereals Engineering Research Center,
Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: Root system is an important organ that determines crop yield. It is of great significance to define root distribution
characteristics in guiding agricultural production and cultivating new crop varieties. In order to clarify the distribution
characteristics of soybean roots and the relationship between soybean roots and yield in Heilongjiang province, this study used
Hefeng 55 and Nenfeng 18, main soybean varieties of Heilongjiang province, as experimental materials, which used two
different cultivation devices: Horizontal device and vertical device in 2015 at the Lindian County Test Base in Daqing city,
Heilongjiang province with completely random block design. The root surface area, root dry weight, specific surface area, root
bleeding sap weight, yield and yield components of two soybean varieties were analyzed and compared. The results showed that
80. 6% of the soybean root was in the vertical 0 =20 cm soil layer, and 55. 6% was in the horizontal 0 —5 cm soil layer. The
distribution range of root bleeding sap weight of soybean was 0.5 — 6.4 g. The distribution range of specific surface area of
soybean was 17.6 =67.9 m* +kg™'. The number pods per plant of Hefeng 55 and Nenfeng 18 were significantly (0.710*)
and highly significantly (0.908 " ") positively correlated with yield, respectively. In R5, the root surface area of soybean in
the vertical soil layer of 0-20 cm and 2040 cm showed significant negative correlation ( —0.794" ) and significant positive
correlation (0. 837 ") with the yield per plant, respectively; the root dry weight in the vertical soil layer of 120-140 cm was
significantly positively correlated with the yield per plant (0.904" " ). The increase of soybean yield mainly depended on the
increase of the number pods per plant. It is of great significance to increase the root surface area in the vertical soil layer of
20-40 cm and the dry weight in the vertical soil layer of 120-140 c¢cm and reduced the root surface area in the vertical soil layer
of 0-20 c¢m for improving the soybean yield in R5. This study aims to provide theoretical reference for soybean breeding and
water and fertilizer management in Heilongjiang province.

Keywords: Soybean;Root surface area; Root dry weight; Root surface area to weight ratio; Yield
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A ;Vertical device ;B :Horizontal device.
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57.95"N,124°59'42. 62"E) #F4 7, - HE2 A Ay i 4 2
5 M XS B T IR R B v R XU, AT
FER  H R Z i, WAAR 2 A R & 508. 7 mm,
AEHIRL 5. 60°C , 45 2L FHIR2 900 ~3 000°C , H IE %L
1158 h, X5 -TIEERAL AR A - A 2 13.69 mg kg™,
AR 134 mg-kg ™', BALH 204 mg-kg ™', pH7. 8,
I 32.8 g kg ™'

1.2 REEigit

HERR R R BRIV AR SRS 55 (HFSS)
F e 18 (NF18) , t E R 42 TR H AR5 Pt
Pt A 55 o TR IRV S BURAT , CE
18 4340 FRIE VLA S — B o 3 Fh AT X K G A
FHEAT T B G B a4 L AR BT MR BN U
.

TR B A ) 43 J2 R (H) R ) 43 B
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Fig. 1 Schematic diagram of pot
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2.1 AEAXEAMKS . ZHERGRET

FER 1 AL, ZEZKOPR B b B 18 78 R2 A
RS IR0 B4 W A F 55 7 5. 6% F1 64. 1% ,
RS 1122 S ik 31 1 KV R 2 v bl 18 7
R2 A1 RS AR 33 & 53 | b & = 55 15 66. 7% FI
71.4% , 25 IR B 0 2 KF . A R2 JHE] RS 1,
HF 55 Btk I 56.5 ~76. 1 em, 25 AR
FEIEFEA 9.1 ~ 12,7 mm; fiF 18 AYkk & A2 fk 3
F£55.4~79.6 cm, ZEHAALIEEIZ 9.4 ~13. 6 mm,

1 TAAESMER MR B%sS. . ZHEGHRETNH

Table 1 Plant height, stem diameter and root bleeding sap weight changes of different soybeans in R2 and RS stages

W A I A L7 = eyl Pt it
Devices Growth stages Varieties Plant height/cm Stem diameter/ mm BSW /¢

KPR R2 HESS 56.6+1.5a 9.1+0.4 a 3.6£1.0a

Horizontal device T 18 55.4+1.4a 9.5+0.4 a 3.8+1.1a

RS &3 55 72.8 1.2 a 9.8+0.4 a 3.9+0.5 a

W 18 72.1+1.9a 9.4+0.4 a 6.4+0.3b

e LA R2 A 55 59.1+2.2a 11.4+0.4 a 1.8+0.5a

Vertical device W18 59.6+2.3 a 10.7 £0.4 a 3.0+0.6 a

R5 HF 55 76.1+1.0 a 12.7£0.6 a 0.5+0.03 a

18 79.6£3.2 a 13.6 £0.5 a 1.2+0.7 a

R FHFER P<0.05 K P23 EB3E. T,

Different lowercase indicates there is significant difference at P<0. 05 level. The same below.

2.2 AEXERMREFEER
2.2.1 HEZBE@AT HE2 A, 18
£ R2 WI/AKFERE PR EmMMILEFE S5 &

26. 5% ,IRF| K T 2 ARG A AR ER R
PRI R I BUC R % 22 5% . 76 RS 01, 4 18 7Rk
P E PR R M R T 5 55, i 55 fE
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R E PR TS T 18, 5 55 7E R2 Al
RS HHAYARZE A A Y Bl 21 363.9 ~4 430.3 em’, ik
6000
5000
4000
3000
2000
1000

M FEHEFH Root surface area/cm?

0

F 18 MM RIS A JE 21 400.3 ~4 497.1 em’,
2 AKREAFITE RS IRARIIAR R & T R2 301,

H B Growth stage

H-HF55 KP4 B A5 42 55 H-NFI8 /KP4 B P G I 185 V-HFSS - T B B g

: 55, V-NFI8. 3 4 P gl 18,

H-HF55 ; Hefeng 55 in horizontal device; H-NF18 . Nenfeng 18 in horizontal device; V-HF5S5 .

Hefeng 55 in vertical device; V-NFI8: Nenfeng 18 in vertical device.

B2 AREXEmMAE R FRS AR B RKEARENL

Fig. 2 Total root surface area changes of different soybeans in R2 and R5 stages
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E0~20 cm LEPMBEAEELILAGFE S5 &
34.9% ,iKFN B E K5 A F 55 78 20 ~40 cm F
40 ~60 cm - 2 Hp (/) AR 2 T AR 2 R 43 ) L B 18
155 213, 6% F1202. 5% , Y3k 5 i E K,
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Fig. 3 Changes in vertical distribution of root surface area density

of different soybeans in R2(A) and R5(B) stages
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Fig. 4 Changes in horizontal distribution of root surface area density

of different soybeans in R2 and R5 stages
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Fig. 5 Total root dry weight changes of different
soybeans in R2 and R5 stages
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Fig. 6 Changes in vertical distribution of root dry weight density

of different soybeans in R2 and R5 stages
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KO aELELEPMRTERE TR EES .

141 B
12} a [ V-HF55
: By _NF18
1.0 |b
0.8
0.6 H
0.4 H
0.2 H 2 a
L I W
0~5 5~10 10~15 15~20 20~25

JKF-PE B Horizontal distance/cm

E7 AEXERMER2(A)F RS (B) HWRTEZEKEZEIREL
Fig. 7 Changes in horizontal distribution of root dry weight density
of different soybeans in R2(A) and R5(B) stages
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Fig. 8 Root surface area to weight ratio changes

of different soybeans in R2 and R5 stages
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R2 AEAXEmAE R2 1 RS ~EM~EHHE R
Table 2 Yield and yield component factors of different soybeans at R2 and R5 growth stage

B fn FRRRIEL FRISRIEL R HRR
Device Variety  Number of pods per plant  Number of seeds per pod  100-seed weight/g Yield per plant/g
KPR &% 55 54.4+5.8a 2.2+0.08 a 24.420.9 a 27.5%1.3 a
Horizontal device B 18 60.9 £6.4 a 2.7:0.1b 20.3+1.3 b 31.8+2.6a
T 5455 73.0£13.0 a 2.0£0.07 a 23.320.9 a 33.5:2.2 a
Vertical device B 18 91.8 5.9 b 2.7£0.07 b 19.8£0.3 b 48.1£3.2 1

AR E - B SOOI B R 7 AN I T AR OG5 B
HI3E 3 AP, 5o 55 Y BASORB S BRI o 18 BB i BRI R AR I 3 TE ARG, 5 B3

BEGARSC, B B MRS BB, RO PRI A B A G

®3 FEREMBERHBEXES T

Table 3 Correlation coefficient of yield and its components

2.6 FESFEMRERHEXSHW

S ARRIERL AR TR Bk
Yield component Number of pods per plant Number of seeds per pod 100-seed weight/g Yield per plant/g
LR/ /3
0. 244 -0.039 0.908 * *
Number of pods per plant
-0.718" 0.417 0.537
Number of seeds per pod
AR
-0.225 0. 548 0.27
100-seed weight/g
LilV NS .
0.710" -0.097 0.252

Yield per plant/g

A LA 18 FISREREL, 2T M & F 55 MRS ™ " 7E0.01 JKF EBFEM, " 16 0.05 K EREMK, T,
The upper right corner are correlation coefficient of Nenfeng 18, the lower left corner are correlation coefficient of Hefeng 55; * * Significant at 0. 01

level, * Significant at 0. 05 level. The same below.

2.7 FESARLIERRBEFEXSN

H1% 4 a1, 78 R2 9], 7KF-0 ~ 15 em %+ )24
MRS bk 2 AR A, 15 ~ 25 em 4%
TR AR TS R A B EAHIE K0 ~
5 em R AR AR BRI BN B IEA G,
Hax B RN AR T AR5 bk )™ B 2 R 2 3% A

Ko £ RS W], KF 0 ~20 em £ LR NN THE S5
g B AN ERAE,20 ~25 cm +ENAR T H
5RO B IR K5 ~10 em +2 N
MR TS Bk & AN B AR OC, R4 )2
PR R T AR L ™ B RN R TEAR G

®4 REFEEFRKELRRFZSHAE R2 7 RS HEXES

Table 4 Correlation coefficient of yield and root dry weight and root surface

area in different horizontal soil layer in R2 and R5 stages

HH Y ¥y JKEFEES Horizontal distance/cm
Growth stage Root indicator 0~5 5~10 10 ~ 15 15 ~20 20 ~25
T
R2 -0.212 -0.124 -0.113 0.038 0.427
Root dry weight
MR
0.316 -0. 386 -0.482 -0.403 -0.538
Root surface area
T
R5 -0.498 -0.475 -0.692 -0.127 0.102
Root dry weight
MR
0. 026 -0.024 0. 066 0.429 0.135

Root surface area
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HIZ% S Al 76 R2 9], T 0 ~ 60 em %+ 2N
AR 5 Bk i R B 3 TR G, 3 60 ~
140 em 2% 12 A BOAR T 5 SR i A K IE
FAS ;TR H 0 ~40 em & 1 2 NIRRT AR Bbk
AR R IEMSE 40 ~ 140 em % RN AR LT
PG FLRR ™ B AN 2 A5G 7E RS ), KELAE

T 0 ~20 em + 2 AR SR AL S Bk ™ 1 4t I
FZHAHK( -0.7947) 1M1 20 ~40 em + )2 5 Hpk =
TR IEARE(0.837 ") 3 K 7E 120 ~ 140 cm 1
FEW R T E S R RN R R OC
(0.904° "),

£S5 XEFESFRZEEIEREZSHAE R2 #1 RS HEXESH

Table 5 Correlation coefficient of yield and root dry weight and root surface

area in different vertical soil layer in R2 and R5 stages

=B I R Z 54 +J2IRE Soil depth/cm
Growth stages Root indicator 0~20 20 ~40 40 ~ 60 60 ~ 80 80 ~ 100 100 ~120 120 ~ 140
T
R2 -0.492 -0.368 -0.416 0.52 0.248 0. 409 0.548
Root dry weight
MR TR
0. 591 0.073 -0.286 -0.024 -0.368 -0.586 - 0. 698
Root surface area
R
R5 0.18 -0.414 -0.15 0. 685 0. 664 0.563 0.904 * *
Root dry weight
R
-0.794" 0.837"* 0. 524 -0.269 -0.54 0.299 -0.429

Root surface area

VEWIARL 2005 T b 2 M 28 24 TS 2 9 55 1Y 7 2
FebR > ARHFSE R, B 18 75 R2 31 RS 41
PR ARE B KT A F 55, XL R 18 78
R2 S0 RS 3996048 22 35 1 AR 2 S g 0 2908 T
#3455

WERBUEEYR R EERESEEZ ™,
LRI 9 AR T AR AT LA Ay 0 390 5
(T RERR ), B AR /INGE I 3 B S e B AR
ZRIFR R B A B Y AR R IR
TAE RS MR T A T R2 0, x5 2R il 45
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AFH,0 ~20 em 1 )2 HIAR 2 58 AU B ok, o
i MARR AR 43. 3% ~72.5% , 3% SRR 25 )
il Mitchell 257 By BF 57 45 B — ., 76 AR E K
AT, )2 e A O AR 2R AR R 7 T A
1) i & A AR AR, A 55 #F R2 0 ~20 em £ )2
(AR A AR F ALY 54. 7% , T AE RS 4510
TRE]49. 2% ; 5, g 18 7E R2 #] 0 ~20 em
2 A R 2 TR O AR S T AR 43.3% , T E
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