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Effects of Rhizobial Inoculation on the Grain Filling Characteristics and Quality
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Abstract: Soybean cultivar Luhuang 1 was inoculated with rhizobia to study the grain filling characteristics and quality in the
plain of Huang-huai-hai area. The results showed that among the different treatments,the M5 treatment had the highest yield,
followed by M6 treatment, while the uninoculated treatment M1 had the lowest yield. The variances among these three treat-
ments reached to significant or extremely significant level. Seeds protein and oil content of treatment M5 were the highest. The
final weight and accumulated weight of one hundred seeds presented the same trend, treatment M5 was the highest, followed by
treatment M6 , treatment 1 was the lowest, moreover, they both highest in the middle of the stem,followed by the parts in basal,
branch and apical. Relative results also showed that the increase of the number of effective pods and seeds per plant had signif-
icant or extremely significant correlation with growth period. In addition, the yield per plant and accumulated weight of seeds
per plant had significant or extremely significant positive correlation with the different filling stages and growth phases ,respec-
tively.
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13.9°C , 7k & 648. 17 mm, 56 35 Fy kst 1
0~20 cm HHEHHEAMLTE 11.30 g-kg ™' 4% 0. 89
g kg BHE A T1. 84 mg - kg B FCBE 18. 32
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Table 1 Field experiment design

AbFRARAT AbPE Treatment
Code JEEAE Base fertilizer JBAE Top application M Rhizobium
M1 0 0 0
2% [P AR T
M2 0 0
Sinorhizobium fredii inoculation S6
FERh 5 AR R
M3 0 0 52 [E¢]
Bradyrhizobium inoculation NOD
a K AL L Farmer traditional compound fertilizer WIAE B i JR & Nitrogen application 0
(225 kg-hm? N :P :K =15 :15 :15) in early flowering (150 kg+hm?)
Vs AR P EGLENE Farmer traditional compound fertilizer 0 AR
(225 kg-hm? N :P:K =15 :15 :15) Sinorhizobium fredii inoculation S6
V6 AR PG Farmer traditional compound fertilizer 0 FEFE A AR IR

(225 kg-hm? N :P :K =15 :15 :15)

Bradyrhizobium inoculation NOD

P07 FOR AN SARIE TR B

“0” shows no fertilization or normal seed.
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Table 2 Logistic equation of grain filling for summer soybean

e LA B PRI A KA PE RHR?
Treatment Grain Simulated The final weight of one Coefficient of
position equation hundred kernel/g(100 grain) determination

M1 ¥ Apical §=21.5475/(1 +1031.3838exp % '77) 21.5475 0.9984

fhE8 Middle $=25.2998/(1 + 1416. 1040exp ~* 17823 25.2998 0.9974

T Basal $=24.0408/(1 +1136.5556exp ~% 1768 24.0408 0.9994

43K Branch §=21.6784/(1 +1040. 8698 exp ~*177") 21.6784 0.9986

M2 -#B Apical §=23.0806/ (1 +774.4045exp O 1% 23.0806 0.9978

&R Middle §=27.1303/(1 +836. 3161 exp ~*'™1¥) 27.1303 0.9970

TES Basal §=25.7674/(1 +722.3058exp ~* 17" 25.7674 0.9994

434 Branch $=23.2813/(1 +837.4120exp ~*1715") 23.2813 0.9984

M3 I35 Apical §=22.7471/(1 +816.3762exp %1711 22.7471 0.9972

&R Middle 7 =26.8547/(1 +845.2827exp - 171%) 26.8547 0.9970

T #B Basal §=25.4638/(1 +737.2190exp ~* 1) 25.4638 0.9994

43K Branch §=23.1308/(1 +791.5414exp ~017) 23.1308 0.9984

M4 _-#B Apical §=23.3390/(1 +782.9148exp ~% 17%) 23.3390 0.9980

&R Middle §=27.5574/(1 +788. 367dexp ~*17%x) 27.5574 0.9968

T8 Basal 7 =26.1244/(1 +689. 8072exp ~*- 16%) 26. 1244 0.9996

434 Branch §=23.3954/(1 +924.9945exp O 174) 23.3954 0.9976

M5 [ % Apical §=24.0956/(1 +682. 3409exp ~*1673) 24.0956 0.9982

fhE Middle $=29.0018/(1 +621.3985exp ~* 109 29.0018 0.9982

T#5 Basal §=27.1445/(1 +570. 1829exp - 161%) 27.1445 0.9998

43#% Branch §=24.0026/(1 +708. 6392exp ~ 1980 24.5678 0.9986

M6 %8 Apical §=24.0026/(1 +708. 6392exp ~O-1680r) 24.0026 0.9986

&R Middle §=28.1480/(1 +631.8638exp " 19 ) 28.1480 0.9974

T 3# Basal §=26.7791/(1 +595.7985exp ~- 1630+ 26.7791 0.9998

43K¢ Branch §=24.1131/(1 +732.5338exp ~* 16%+) 24. 1131 0.9986
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Table 3 The parameters of grain filling for summer soybean

Ak 2 XS T Tm Va Vm W, W, W, T, T, T, v, v, v
Treatment Grain position /d /d - Jged /gedTh sg /g /g /d /d /d /ged™ /gedT! /ged”!
Ml ¥ Apical 65.64 39.49 0.33 0.95 4.55 12.44 4.34 32.00 14.99 18.66 0.14 0.83  0.23
FER Middle 65.01 39.80 0.39 1.15 5.35 14.61 5.09 32.58 14.45 17.98 0.16 1.01  0.28

T Basal 65.79 39.80 0.37 1.06 5.08 13.88 4.84 32.35 14.90 18.54 0.16 0.93  0.26

44 Branch 65.70 39.54 0.33  0.95 4.58 12.52 4.36 32.05 14.99 18.66 0.14 0.83  0.23

P34 Average  65.54 39.66 0.36  1.03 4.89 13.36 4.66 32.25 14.83 18.46 0.15 0.90  0.25

M2 R Apical 66.39 39.27 0.35 0.98 4.88 13.33 4.57 31.49 15.55 19.35 0.15 0.8  0.24
FER Middle 65.80 39.10 0.41 1.17 5.73 15.66 5.28 31.45 15.30 19.05 0.18 1.02  0.28

T# Basal 66.73 39.30 0.39 1.08 5.45 14.88 5.04 31.44 15.72 19.57 0.17 0.95 0.26

43K Branch 66.04 39.24 0.35 1.00 4.92 13.44 4.63 31.56 15.36 19.11 0.16 0.88  0.24

V-3 Average  66.24 39.23 0.38 1.06 5.25 14.33 4.88 31.49 15.48 19.27 0.17 0.93  0.26

M3 - Apical 66.04 39.19 0.34 0.97 4.81 13.13 4.59 31.49 15.39 19.16 0.15 0.85  0.24
¥ Middle 65.94 39.21 0.41 1.15 5.68 15.50 5.41 31.55 15.32 19.07 0.18 1.0l  0.28

T Basal 66.69 39.33 0.38 1.07 5.38 14.70 5.13 31.48 15.69 19.52 0.17 0.94  0.26

43 Branch 66.41 39.33 0.35 0.98 4.80 13.35 4.64 31.57 15.52 19.32 0.15 0.8  0.24

P34 Average  66.27 39.27 0.37 1.04 5.19 14.17 4.94 31.52 15.48 19.27 0.16 0.92  0.26

M4 R Apical 66.03 39.08 0.35 0.99 4.93 13.47 4.69 31.36 15.45 19.23 0.16 0.87  0.24
¥ Middle 66.07 39.12 0.42 1.17 5.82 1591 5.53 31.40 15.45 19.23 0.19 1.03  0.29

T# Basal 66.74 39.19 0.39 1.09 5.52 15.08 5.24 31.29 15.79 19.65 0.18 0.96  0.27

434 Branch 65.32 39.05 0.36 1.02 4.94 13.51 4.74 31.52 15.06 18.74 0.16 0.90  0.25

3 Average  66.04 39.11 0.38 1.07 5.30 14.49 5.05 31.39 15.44 19.21 0.17 0.94  0.26

M5 ¥ Apical 66.47 39.00 0.36 1.01 5.09 13.91 4.82 31.13 15.74 19.59 0.16 0.88  0.25
¥ Middle 66.87 39.01 0.43 1.20 6.13 16.74 5.76 31.02 15.97 19.88 0.20 1.05  0.29

T Basal 67.70 39.27 0.40 1.10 5.74 15.67 5.41 31.12 16.30 20.29 0.18 0.96  0.27

434 Branch 66.87 39.30 0.37 1.02 5.19 14.18 4.87 31.40 15.80 19.67 0.17 0.90  0.25

¥ Average  66.98 39.15 0.39 1.08 5.54 15.13 5.22 31.17 15.95 19.86 0.18 0.95  0.27

M6 ¥ Apical 66.42 39.07 0.36 1.01 5.07 13.86 4.83 31.23 15.68 19.51 0.16 0.88  0.25
i Middle 66.77 38.99 0.42 1.16 5.95 16.25 5.67 31.03 15.92 19.82 0.19 1.02  0.29

T Basal 67.39 39.20 0.40 1.09 5.66 15.46 5.39 31.12 16.16 20.11 0.18 0.96  0.27

44 Branch 66.38 39.13 0.36 1.02 5.10 13.92 4.85 31.31 15.62 19.44 0.16 0.89  0.25

V-3 Average  66.74 39.10 0.39 1.07 5.45 14.87 5.19 31.17 15.85 19.72 0.17 0.94  0.27
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Table 4 The correlation analysis of agronomic traits and grain filling

characteristics for summer soybean

HEIZ 2R Filling rate

Triit TR S R IV O o GG R ISR R
Early filling stage Fast filling stage Late filling stage Average filling rate
PARKFT R4 KL Branch per plant 0.9123* 0.8827* 0.7503 0.8675
PR SIEEL Pods per plant 0.8505 * 0.8931* 0.9068 * 0.8703 *
BARRA BRI AL Seeds per plant 0.8812" 0.9232* " 0.8565 * 0.8625 *

TR R ERIRAR IR E] 1% 1 5% BEKF. T

“* and * show significantly relevant at 0.05 and 0. 0lprobability levels,respectively. The same below.

2.4 BIRTFESERFENSN PRI A IR v W AR S ) L U R A SR AR L
RGBT GRERPFEAR S TR (R T B I] SR BRI F 0 2 304 0] S AU AL T 0K 3 4
5) KREHM&SE SR KRR EREREML, 5 BEHK,
RS BEXEBERTESERFEMNEXINT

Table 5 The correlation analysis of yield per plant and grain filling characteristics for summer soybean

W R N RE G R

=) :“‘:/l SZ A :é“ﬁ :ﬁ“;/{ E.—m&
RGO IR WOREE o Grain PR Gran BT Rl

accumulation accumulation Grain Yield per
Item Max. filling Average Max. filling
at early filling at fast  accumulation at plant
rate filling rate duration
stage filling stage late filling stage
i KHESE R Max. filling rate 1.0000
SEHAHE SR R Average filling rate 0.9550 " * 1.0000
T B W R 2R 1Y) Max. filling duration 0.8477 " 0.9380 " " 1.0000
BIEE SE A R 0.9311**  0.9727°*  0.9816**  1.0000
Grain accumulation at early filling stage
) R BV RL 0.9345**  0.9716"*  0.9790"*  0.9999**  1.0000
Grain accumulation at fast filling stage
ZHEH RPVFF R 0.8892" 0.9298"*  0.9527**  0.9728**  0.9737**  1.0000
Grain accumulation at late filling stage
BARRFE R Yield per plant 0.8812" 0.9408 " * 0.9890 " * 0.9866 " * 0.9856 " * 0.9529 " * 1.0000
2.5 BEXEFEEBRMKTSE MS 1 M6 25T M4 B3 = T ML, il i

H 6 nl 0L, JEAh R GARRE A X KR Fe Al LA MS e, M6 k2, M1 Jefik, o, M5 43l 5%
R, A A FR I PR L M5 B, M6 Yk, M6 M3 M4 M2 FI M1 5 0.61% .0.85% .0.89% .
MI 5 fif, ZF Z M2 588 T B F i B K. 1.22% F1 1.70% , ik B0 o 2 25 7 KF
FEEFS R M5 A M6 fiz i, M4 Rz, M1 AIK,
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F6 EMRBEAXMEXETE.ZHRMNHSHE

Table 6 Effects on yield, protein and oil of summer soybean by rhizobium inoculation

b3 P HAR ik
Treatment Yield/kg-hm™ Protein/% 0il/ %
M1 2134.40 +13.90 eD 45.07 £0.01 eD 21.07 £0.01 eD
M2 2559.62 +21.06 cB 45.23 £0.02 dC 21.17 £0.02 dC
M3 2467.90 +33.76 dC 45.30 £0.02 cB 21.25 +0.06 cB
M4 2584.63 +31.29 ¢B 45.43 £0.01 bA 21.24 +0.12 ¢B
MS 2876.44 +12.92 aA 45.47 +0.02 aA 21.43 +0.01 aA
M6 2834.75 +4.25 bA 45.47 +0.03 aA 21.30 +0.01 bB

R NG 40 97 2 535 0. 05 10,01 B3,

The different capital and lowercase letters mean significantly different at 0. 05 and 0. 01 probability levels,respectively.
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