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Physiological mechanism of potassium application in decreasing density

of aphid (Sitobion avenae F.) in wheat
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Abstract: [ Objectives ] Based on the view of plant basic metabolism, the experiment revealed the mechanism

of reducing aphid (Sitobion avenae F.) population density of wheat by applying potassium, and provided scientific

basis for ecological regulation of wheat aphids in the field. [ Methods ] A solution culture method and fully

balancing design with five potassium levels (0.005, 0.05, 0.5, 2 and 10 mmol /L KCl, respectively) and two aphid
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infection levels (aphid infection and not infection) were used in this experiment, and three repetitions were
arranged for each treatment. When the wheat seedlings had 5 expanded leaves, 5 adult wingless aphids in the same
size and age were set on the latest fully expanded leaves per wheat plant. Then the density of aphids were
surveyed and the wheat samples were collected respectively at the fourth and eighth days after the aphid infection
to study effects of potassium level and aphid feeding on free amino acids, soluble protein and the content of
soluble sugar of wheat leaves. [ Results ] The results showed that at the fourth day after the infection of aphids
and in the range of K 0.005-0.5 mmol/L, the aphid density of unit dry weight of wheat decreased significantly
as potassium level increased, and if improving the potassium level further, the aphids population density did not
increase significantly. At the eighth day after the aphid infection, the aphid population density decreased
significantly with the increase of potassium levels in the arranged range. As potassium level increased, the free
amino acid contents in the wheat plants uninfected by aphids showed a decreasing trend, while both soluble
protein and soluble sugar contents showed increasing trends at first and then showed decreasing trends. In the
wheat plants infected by aphids, the free amino acids and soluble protein contents showed the same changing
trend as in the former, however, the soluble sugar content showed a continuously increasing trend. Comparing
the treatment infected by aphids with the treatment uninfected by aphids at the same time nodes, as potassium
level increased, the free amino acids and soluble protein contents of wheat plant were decreased by aphid
infection, while the soluble sugar contents were increased. By comparison of the involved indexes in the two
time nodes, as the time prolongation, there were average increments of 2.6%, 18.1%, 2.0% for free amino acid,
soluble protein and soluble sugar contents respectively in the uninfected wheat, and of 67.3%, 20.9% and
22.9% for infected wheat respectively, which showed greater increase for free amino acids and soluble sugar
content in infected wheat plants than in uninfected wheat plant. In addition, the contents of induced free amino
acid, soluble protein and soluble sugar, had significant or extremely significant correlation with the aphid
population density in relevant each time node, and the correlation coefficients were 0.948, 0.920 and —0.908 in
the fourth day, and 0.944, 0.985 and —0.991 in the eighth day respectively. The contents of constitutive soluble
protein and soluble sugar had no significant correlation with aphid density, but the content of constitutive free
amino acid had extremely significant correlation with aphid density, and the correlation coefficients were 0.995
and 0.944 respectively at the fourth and eighth days after the aphid infection. [ Conclusions ] Our results
showed that increasing potassium supply could significantly reduce aphid population density by significantly
reducing constitutive free amino acid content, inhibiting the accumulation of free amino acids and soluble protein
and promoting the induced soluble sugar content.

Key words: winter wheat; potassium; Sitobion avenae; aphids feeding; free amino acid; soluble protein;
soluble sugar
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Table 1 Number of aphids in wheat under different K
treatments on the 4th and 8th day after the infestation

H7RF (mmol/L) BaR EIRPS
K level 4th day 8th day
0.005 277 a 353 a
0.05 212b 341 b
0.5 98 c 187 ¢
2.0 85¢ 119d
10.0 8¢ 108 e
F {f F value 60** 201%**

TE (Note) : Hdi )5 A [R]/NE S REFR R i A0 20 0] 22 5 1 2%
(P <0.05) Values followed by different small letters indicate significant
difference among treatments (P<0.05).
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2 BAREE 4 XNE 8 XFEHKELENEHERERSE (ng/g)
Table 2 Free amino acids content of wheat after the aphids infestation under different K levels on the 4th and the 8th day

HKFE % 4 K 4th day % 8 K 8th day
K level ESEA i Wb T4 Rt i W T4
(mmol/L) No infestation  Infestation Decrease Mean No infestation  Infestation Decrease Mean
0.005 2.51 a(b) 3.96 a(a) 1.45 324a 2.39 a(b) 5.55 a(a) 3.16 397a
0.05 2.03 b(b) 2.63 b(a) 0.60 2.33b 2.13 b(b) 4.54 b(a) 2.41 3.34b
0.5 1.12 c(a) 1.15 c(a) 0.03 1.14 ¢ 1.13 ¢(b) 2.30 c(a) 1.17 1.72 ¢
2.0 1.06 c(a) 1.18 c(a) 0.13 I.11¢ 1.13 ¢(b) 2.27 c(a) 1.14 1.70 ¢
10.0 1.04 c(a) 1.19 c(a) 0.17 I.11¢ 1.13 ¢(b) 2.26 c(a) 1.13 1.69 ¢
H){H Mean 1.54b 2.02a 1.58 b 3.38a
F {8 F value 12.33%* 15.71%*

TE (Note ) : BUHEHESINAIF/NG FHFIRARIBK A B 225 B2, 55 NAR/NE FREROR R — il A B e i 5 A He b 7
[A] 225 .35 (P < 0.05) Values followed by different small letters outside brackets mean significant differences among K treatments at the same
infestation treatment, and those inside brackets mean significant differences between infestation treatments at the same K treatment level (P < 0.05),
respectively. ** F7nE0 55 IF HR YL )38 BV 1A B 1. 2 7K Means the interaction between K and aphids infestation is extremely significant (P
<0.01).
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Table 3 Effect of K levels on total soluble protein content of wheat under different K treatment levels on the 4th
and the 8th day after the aphids infestation

ALK % 4 K 4th day % 8 K 8th day
K level g il W T4 Rt e W T4
(mmol/L) No infestation  Infestation Decrease Mean No infestation  Infestation Decrease Mean
0.005 12.60 e(b) 14.61 e(a) 2.01 13.61d 13.56 e(b) 16.03 e(a) 2.47 14.80d
0.05 15.10 d(a) 16.17 d(a) 1.07 15.62 ¢ 17.87 d(b) 19.41 d(a) 1.56 18.64 ¢
0.5 16.08 c(a) 16.88 c(a) 0.8 16.50 be 21.12 b(a) 22.56 b(a) 1.44 21.84 ab
2 19.20 a(a) 19.91 a(a) 0.71 19.55a 22.36 a(a) 23.68 a(a) 1.32 23.02a
10 17.50 b(a) 17.79 b(a) 0.28 17.68 b 20.21 c(a) 21.54 c(a) 1.33 20.88 b
(i Mean 16.10 a 17.08 2 19.02a 20.65 a
F{H F value 3.42% 4.28*

IE (Note) : HUERHH SN RN TR AR RISIKEAL BRI 28 5 B3, 455 AR R/ ING TR 30 [R] — il 81 b PR S A A b

[A] 255+ B3 (P < 0.05) Values followed by different small letters outside brackets mean significant difference among K treatments at the same

infestation treatment, and those inside brackets mean significant difference between the infestation treatments at the same K treatment level (P <
0.05), respectively. * FEN AR 5 R G AR HAKOW 35 ) i 2 7K F Means the interaction between K and aphids infestation is significant (P < 0.05).

R4 EAE 4 XNE 8 RAEHAKFLLENZARMESHESE (mg/g)
Table 4 Total soluble sugar content of wheat affected by the K treatment levels on the 4th and the 8th day
after the aphids infestation

5 4 K 4th day

%5 8 & 8th day

IR
K level At el Wb Ty At Bt Wb Ty
(mmol/L) No infestation  Infestation Decrease Mean No infestation  Infestation Decrease Mean
0.005 46.73 b(a) 45.88 c(a) —0.85 46.31b 49.02 b(a) 55.58 d(a) 6.56 52.30¢
0.05 58.73 a(a) 58.33 b(a) —-0.40 58.53 ab 60.98 a(b) 68.71 c(a) 7.73 64.85b
0.5 60.48 a(a) 64.81 a(a) 433 62.65a 58.26 a(b) 76.58 b(a) 18.32 67.42 ab
2 56.48 a(b) 65.33 a(a) 8.86 60.91 ab 57.00 a(b) 82.41 ab(a) 25.41 69.71 ab
10 57.43 a(b) 68.31 a(a) 10.88 62.87a 60.21 a(b) 88.76 a(a) 28.55 74.49 a
¥{H Mean 55.97b 60.53 a 57.09b 7441 a
F{H F value 27.26%* 63.78**

IE (Note) : HUEFHE THMNRRING F RN AR F K AL B 22 50 3, 485 R [R)/NG 5 B 2R ) — i B b e SN Ak A
[6] 255 .3 (P < 0.05) Values followed by different small letters outside brackets mean significant difference among K treatments at the same
infestation treatment, and those inside brackets mean significant difference between the infestation treatments at the same K treatment level (P <
0.05), respectively. ** F/R 8 50 AR YL Y38 B RN 35 B {2 3% K Means the interaction between K and aphids infestation is extremely

significant (P <0.01).
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®S5 EARFE 4 XNE 8 RENERTSYREERIEXESH
Table 5 Correlation analysis of the measured items and aphid population density on the 4th and 8th day after
the aphids infestation

% 4 K 4th day 2 8 K 8th day
£t
Index Al S E LIS P AN L Sz b B2
No infestation Difference with infestation No infestation Difference with infestation
. . 0.995** 0.948* 0.965%* 0.944*
Free amino acid
RN
. -0.856 0.920* -0.871 0.985*
Soluble protein
QIFT ey
-0.710 —0.908* -0.497 -0.991*

Total soluble sugar
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