5 42 %" 2 4 FEREMBEXRLHFR Vol.42 No.2
2024 4 3 Agricultural Research in the Arid Areas Mar. 2024

XEHS :1000-7601(2024)02-0110-11 doi; 10.7606/].issn.1000-7601.2024.02.13

B E E S E BB = EHREH
7 R % fin T 455 1 B %2 i
PN

(1. BIRIT N — AR B KA 2 B, IR KIK 16331952, BRI BRI FEE A S
FEYIFI Bk R E S S =, SRR KK 163319)

i OENRNBREEESTa e E SR ELA LA E TR RN R B TS B, XA Z
FHREE, F X3 ANBEREE 20 4k - hm > (DI, FAEALTE) 23 F 4k - hm (D2, YH ¥ A% E) 26 7 4k -
hm™2(D3, BAAA ) Bl K% 5 NGB % A (C0) .0.37(C1) ,0.45(C2) \1.12(C3) .1.50 kg - hm2(C4), % A
MR EREFRBRRAEEZIRRER, BN E RGN ERE WKE Rk Mt Z0E AR &
EURERWENER, AL T Z LR E TR EERS AT HEAERR, FREV. ZEHANEER & E
BB P B e R B e T M, 2021 4R 2022 iﬁ%lifﬁ%é\%iﬁ} NG A U T -
45.7% 47.7% %4 #n 2| 59.0% \50.7% ; Bl Bt , B4 An 4 B % % E (26 7 #k - hm™) 238 TR |48, 2 7l 936.3%
F128.4%, THHRMEERBRAETZIFRHERGRE, %%F&H%ﬁ EREE T P IRE EBER(20 B
hm ™51 23 74 - hm™2) T B 474 B 48 92 10 B9 P 18], 2021 45 0 2022 4F By 318 36 B 2 51 Y 8.4% ~ 17.0% .16.4% ~35.6%
F16.1% ~19.3% 8.4% ~ 12.8% B AR T & % BER (26 77 # - hm™) # 4% 52 B ], 2021 48 5 2022 4 1% 56 B
BB K 5.7%~13.6%5 4.3%~15.0%, 400, EERITEAEBH K 26 74k - W HEFEAANTH R ER
5 R R B B AR 2 T TF AL 0 1.50 kg - hm 2 E 3 B M e T R B — AR AR,

KB F AR AR B N e TR R

FE DS 9643.1;935  XHEIFREFD:A

Effects of population density and fulvic acid on grain starch formation
and processing characteristics of kidney bean
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2. Heilongjiang Key Laboratory of Modern Agricultural Cultivation Technology and
Crop Germplasm Improvement, Daging, Heilongjiang 163319, China)

Abstract; To investigate the effects of population density and foliar spraying of fulvic acid on starch formation
and processing characteristics of kidney bean in northwestern Heilongjiang Province, a two-factor split-zone design
was used, with three population densities in the main zone of 200 000 plant - hm > ( D1, sparse planting treat-
ment) , 230 000 plant + hm™( D2, local conventional density), and 260 000 plant - hm™( D3, dense planting
treatment) and five fulvic acid concentrations in the secondary zone of clear water (CO), 0.37 (C1), 0.45 (C2),
1.12 kg » hm*(C3) and 1.50 kg - hm>(C4). The starch of kidney bean seeds after maturity was extracted by al-
kaline leaching method, and the group effects on the formation of starch quality of kidney bean and the regulation
effects of foliar fertilizer were investigated by determining the solubility, expansion, freeze-thaw stability, pasting
characteristics, transparency, content of straight-chain amylose, and the physicochemical properties of the starch.

The results showed that the crude starch content and the proportion of straight-chain starch in kidney bean kernels
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significantly affected the processing characteristics of starch. In 2021 and 2022, the amylose content of kidney bean

increased with the increase of population density, from 45.7% and 47.7% to 59.0% and 50.7%, respectively. At

the same time, the content of straight-chain amylose all peaked under the high-density (260 000 plant -+ hm™)

treatments, at 36.3% and 28.4% , respectively. Foliar spraying of fulvic acid promoted the accumulation of kidney

bean grain starch, increased the total grain starch content, and increased the proportion of straight-chain starch in

the grains under the medium and low-density populations (200 000 and 230 000 plant - hm™) , with a range of in-
creases of 8.4% to 17.0%, 16.4% to 35.6% , and 6.1% to 19.3%, 8.4% to 12.8%, in 2021 and 2022, respective-
ly, but reduced the proportion of straight-chain starch in the high-density population (260 000 plant + hm™) , with
a range of 5.7% to 13.6% and 4.3% to 15.0% in 2021 and 2022, respectively. In a comprehensive analysis, the

cultivation density of 260 000 plant + hm™ in northwestern Heilongjiang was favorable to the formation of starch

quality of the kernel, while the spraying of fulvic acid at 1.50 kg + hm ™ during the flowering stage of kidney bean had

a certain promotional effect on the processing quality of starch.

Keywords: kidney bean; seed starch; population density; fulvic acid; starch processing quality
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Table 1  Effects of population density on
starch content and ANOVA
s JEN B & Starch/ %
Treatment 2021 2022
D1 45.7+4.9b 47.7+2.4a
D2 52.7+4.6a 48.3x1.5a
D3 59.0+3.5a 50.7+3.0a
K% Factor F{H F value
i pragica
E?ﬁi{%,f;:( D). 50.283 " * 2.459
Population density
ﬁ: ERAVR BE (O
f\Jﬁg&mE(L) . 4.822" " 4.815" "
Fulvic acid concentration
DxC 5.770" " 0.849

T MBI R NE B3R A BRI 22 5 1. 35 (P<0.05) . * " FR
TE P<OOUK PR B " FRIE P<0.05 K FEEREE, TH,

Note; Different lowercase letters in the same column indicate signifi-
cant differences between treatments ( P<0.05)." * indicates significance
at the P<0.01 level, * indicates significances at the P<0.05 level. The

same below.
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Fig.1 Effects of fulvic acid treatment on starch content in kidney beans at different population densities
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Fig.2  Effects of fulvic acid treatment on the content of amylose in kidney beans at different population densities
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Table 2 Effects of population density on amylose
content and ANOVA

Kb HARTER S Amylose/ %
Treatment 2021 2022
D1 25.0+1.9b 35.4+2.4ab
D2 26.9+3.3b 34.9+2.5b
D3 28.4+1.7a 36.3+2.0a
K £ Factor F1{H F value
D 12.779* * 5.012*
C 2.635 2.106
DxC 8.063 "~ 17.615"
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Fig.3 Effects of fulvic acid treatment on the starch solubility in kidney beans at different population densities
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Fig.4 Effects of fulvic acid treatment on starch expansion in kidney beans at different population densities
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Table 5  Effects of population density on
freeze-thaw stability and ANOVA

Kb ¥ Hi7K % Water separation rate/%
Treatment 2021 2022
D1 58.3+x1.9a 48.6+1.9a
D2 52.0+3.4b 47.0+1.6a
D3 44.7+3.8¢ 41.5+3.5b
K Z Factor F1{H F value

D 152.929 " * 25.587" "
C 11.355" " 4.849" "
DXC 6.797" " 1.752
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Fig.5 Effects of fulvic acid treatment on starch freeze-thaw stability in kidney beans at different population densities
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Table 6 Effects of population density on
starch transparency and ANOVA

&M Transparency/%
Qb3 Treatment

2021 2022
D1 41.7£3.6ab 44.3£3.6a
D2 38.7+0.6b 37.0+3.0b
D3 43.4+2.2a 44.9+4.5a
[NZ& Factor F{H F value
D 17.116™ " 26.734* "
C 5.806 " * 5.333" "
DxC 4.033" " 4.613""
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Fig.6  Effects of fulvic acid treatment on starch transparency in kidney beans at different population densities
R 2021 FEE RS
Table 7 Pasting characteristics of kidney bean starch in 2021
AEEE WE{EFEE/BU AR/ BU Hislif{E/ BU A RIE/BU A/ BU JiAfiE/ BU WL C
Treatment  Peak viscosity Trough viscosity Slack value Final viscosity Regeneration value Disintegration value Pasting temperature
CO 193.0+7.1f 30.3+1.7d 162.7+6.2b 287.7+6.1d 105.0+9.2b 10.3+2.9b 76.2+1.0b
Cl 210.7+4.9d 48.3+0.9¢ 162.3+4.9h 311.3+£5.2¢ 118.0+4.2ab 17.3+4.8ab 76.7+1.4ab
DI C2 258.3+5.6b 71.7£1.2b 180.7+4.5a 339.3+7.8b 106.3+5.6b 25.3+9.0ab 772+1.4a
c3 240.7+4.5¢ 74.33.1b 166.3+1.9b 340.7+4.9b 126.3+2.4a 26.3+9.1ab 77.3£2.0a
C4 295.7+£9.8a 112.7+4.0a 183.0+7.1a 398.0+6.4a 131.7+10.1a 29.3+6.9a 76.9+1.5ab
CcO 246.0+5.0d 75.7£2.5d 170.3+6.1b 334.0+5.7b 100.3+7.7b 12.3+3.4¢ 78.7+0.2a
Cl 257.3+6.6d 76.3+2.9d 181.0+3.7b 342.7+9.5b 97.3+6.1b 12.0£3.7¢ 78.5¢1.1a
D2 C2 327.7+2.9a 128.0+2.4a 199.7+2.5a 432.0+7.3a 137.0+4.3a 32.7+9.0b 76.5+1.5¢
Cc3 308.3+5.4b 112.3+4.5b 196.0+2.8a 381.7+4.1a 125.7+8.7a 52.3+9.9a 77.4+1.6b
C4 272.3+6.9¢ 97.3+4.0c 175.0+9.4h 340.0+2.9b 104.7+5.3b 37.0+5.7b 71.6+1.8b
Co 354.0+7.0a 150.7+3.9a 203.3+5.2a 428.7+4.9a 126.7+9.2ab 52.0+11.0a 81.5+1.7a
Cl 307.0+5.4b 139.3+5.8b 167.7+0.5¢ 402.0+2.9b 128.3+4.0ab 33.3+7.8ab 79.0+1.8bc
D3 C2 278.7£5.7¢ 78.3+3.4e 200.3+2.5a 360.0+2.2¢ 113.0£5.0¢ 31.7+7.3ab 78.4+2.7¢
a3 300.3+9.8b 102.7+4.9d 197.7+4.9a 400.7£5.7b 133.0+1.4a 32.7+14.3ab 79.5+1.4b
C4 315.3+5.8b 126.7+6.1¢c 188.7+1.2b 422.7+3.4a 119.3+5.7be 12.0+3.6b 77.1+1.9d
HZ Factor F & F value
D 313.720" ¢ 466.031" * 46.340" * 360.366 " * 748" " 4783 112.315°*
C 35516" " 46.794" * 19.276 " 50.121" " 6.276" 3.621" 21705 *
DxC 69.281" " 114.642" * 10.631" * 106.002* * 9.017* " 7.157* " 21.239" *
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Table 8 Pasting characteristics of kidney bean starch in 2022

O 7
IR 5 R AL 25 7 Vi B

EAT 5 R T A R A X R o O T fE
M AR S5 R R, 2021 AR 2K
A BSRIT

AbEE WEEAE/BU RANEL/BU Hitfi{eL/ BU AR/ BU Il {f/BU e/ BU W C
Treatment  Peak viscosity Trough viscosity Slack value Final viscosity ~ Regeneration value Disintegration value Pasting temperature
Co 203.3£10.9¢ 32.0+2.2d 171.3+13.0b 317.7+7.8¢ 126.0+1.6a 11.7+2.1b 73.4+2.3b
Cl 210.3+9.0¢ 37.3+2.1d 173.0+7.1b 326.0+5.4bc 129.3+8.5a 6.0+1.6¢ 77.0+1.8a
D1 C2 244.7+8.6b 51.3+£3.3¢ 193.3+8.1a 326.7+8.7be 87.0+0.8b 5.0+0.8¢ 74.4+2.5ab
C3 292.3+£14.9a 103.0£2.9a 189.3+13.4ab 394.7+10.6a 125.7£6.9a 23.3+2.5a 75.1+3.8ab
C4 233.3+13.7bc 70.3+£5.0b 163.0+18.7b 345.7+7.8b 126.7+3.8a 14.3+2.5b 78.5+2.4a
Co 302.0+7.5¢ 98.0+6.7b 204.0+13.4b 382.3x4.1¢c 109.0+8.0c 28.7+3.3ab 79.1+0.7a
Cl 356.3+7.8ab 135.0+6.5a 221.3x14.3ab 438.0+9.3b 113.7+4.8ab 32.0+2.9a 75.8+3.4b
D2 C2 366.7+8.7a 130.7£3.9a 236.0+5.0a 452.3+7.4b 122.0+3.7b 36.3+2.9a 77.3+2.8ab
C3 376.7£9.0a 139.7+8.6a 237.0+17.6a 488.3+9.8a 146.0+4.5a 34.3+3.7a 77.6+2.6ab
C4 342.0+6.5b 132.0+1.6a 210.0+7.0ab 443.0+5.9b 123.3£2.1b 22.3+2.5b 77.3+2.4ab
Cco 403.0+3.6a 166.3+9.0a 236.7+5.8a 477.7+5.0a 123.3+4.5a 48.7+2.9a 84.8+2.7a
C1 326.7+9.4b 132.7+9.0b 194.0+0.8d 418.7+6.1¢c 121.3+0.5a 29.3+3.3be 81.7+1.3ab
D3 C2 338.0+5.7b 122.0+9.6b 216.0+4.2b 442.7+7.1b 129.0+3.6a 24.3+2.1¢ 82.1+2.7ab
C3 343.0+4.3b 136.3+6.3b 206.7+2.1¢c 429.3+10.0bc 121.3+8.2a 35.0+2.2b 77.3+4.8b
c4 254.3+7.8¢ 56.0+7.1¢ 198.3+4.2cd 352.3+8.2d 105.3+3.3b 7.3£2.5d 81.1x1.0ab
% Factor F{H F value
D 454.103* " 379.857* " 46.539 " * 460.479* * 1.579 156.264* * 11.877"*
C 37.763" * 33.253" " 5.659" " 47.099" * 10.658* * 38.359" * 0.799
DxC 41.782* " 55.348 * * 3.281" " 51.211" " 18.717" * 27.017 " * 1.389
EEIRMIIEEE R S B R AE K
Table 9  Correlation between functional and physicochemical properties of kidney bean starch
— ot N < N fbe IE/ “1H. 17 il L 1 R
s VB IRAEE W s L
L - N . . Regeneration Disintegration Pasting
Index Peak viscosity Trough viscosity ~ Slack value Final viscosity
value value temperature
S A L
. il 0.223" 0.293" " 0.054 0.172 0.058 0.298 " * 0.147
Starch content
g A L
FLBETER) % B 0.435* " 0.325* " 0.507** 0.478* " 0.104 -0.002 0.081
Amylose content
BRI Solubility -0.125 -0.057 -0.204 -0.118 0.071 0.046 -0.042
Ak Expansion 0.056 0.179 -0.158 0.031 0.081 0.201 0.152
U ESE Iﬁ . -0.498* " -0417*" -0.508 " * -0.520" " -0.254" -0.250 " -0.369" "
Freeze-thaw stability
BB Transparency  —0.092 -0.027 -0.175 -0.024 0.232" ~0.050 0.258"
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