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Different Ratios of Phosphate Rock Powder and Furfural Residue
on the Properties of Recycled Powder from Asphalt Mixing Plants
and the Growth of Ryegrass
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Abstract: To investigate the effects of different mixing ratios of phosphate rock powder(PRP) and furfural residue(FR) on

the improvement of recycled powder from asphalt mixing plants (RPAMP) for use as landscaping soil, as well as to
determine the optimal mixing ratio, this study conducts a ryegrass pot experiment. It examines the effects of 12 proportion
treatments with PRP and FR accounting for 10%, 15%, 20% and 1%, 3%, 5%, 10% of the recycled powder(RP) dry weight,
respectively,as well as one control treatment with no additives, on the RP nutrients, enzyme activities and ryegrass growth
performance. The results show that compared with the control treatment without any additives, all treatments with different
ratios of PRP and FR significantly reduce the RP pH, with the maximum decrease of 9.85%, thereby improving RP nutrient
status. These treatments also enhance the activities of urease, sucrase, catalase and phosphatase in RP during the vigorous
growth stage of ryegrass, with an average increase of 63.66%. Additionally, they promote the fresh weight of ryegrass plants,
the number of root tips, total root length, root diameter, total root surface area and total root volume of ryegrass, with
increases of 47.04%, 57.98%, 57.97%, 2.25%, 68.13% and 87.61% on average, respectively. According to the
comprehensive score of principal components, the three ratio treatments of 10%, 15% and 20% PRP combined with 1% FR
all have significant improvement effects in enhancing the nutrients and enzyme activities of RP and the growth of ryegrass.
Therefore, under the experimental conditions of this study, the optimal material ratio for amending recycled asphalt mixture
into soil suitable for landscaping is 10% PRP combined with 1% FR.
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Table 1 Nutrient status of recycled powder under different treatments during the vigorous growth period of ryegrass

Qb3
Treatment

pH

AL (g/kg)

Organic matter

245/ (g/kg)
Total N

W A/ (mg/kg)
Available N

A5/ (mg/kg)
Available P

A/ (mg/kg)
Available K

POFO
P1F1
P1F2
P1F3
P1F4
P2F1
P2F2
P2F3
P2F4
P3F1
P3F2
P3F3
P3F4
P(PRP)
F(FR)
P*F

8.49a
7.66g
7.66g
7.91f
8.33bcde
8.31bcde
8.27cde
8.24de
8.19¢
8.34abcde
8.43ab
8.41abc
8.39abcd

EE
EE

#ox

6.40h
11.73¢
14.41d
14.86d
2321a

8.68¢
12.14e
15.05d
20.10b

8.37g

9.77f
12.82¢
16.36¢

Hx
e

e

0.9%h
1.30ef
1.47bc
1.44cd
1.271g
1.36de
1.32ef
1.50bc
0.94h
1.20g
1.55b
1.73a
1.68a

EE
B

EE

27.60i

50.00h
119.10f
118.81F
139.18de
113.66f
127.92¢f
153.76¢
200.33b

86.71g
128.12¢f
145.00cd 32.36¢ 359.21b
237.63a 57.49a 384.15a

Kk kK kk

10.70f
22.62¢
32.38¢
31.33¢
31.18¢
23.77de
27.29d
25.03de
44.56b
25.11de
31.23¢

221.38¢
314.06f
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335.07¢
355.39b
316.74ef
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356.27b
382.97a
315.85¢f
325.88d
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Fig. 1 Enzyme activities under different addition ratios of phosphate rock powder
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Table 2 Growth status of ryegrass during the vigorous growth period under different treatments
b bR (/) o PR em) R By SRR
Treatment Shoot biomass Root tips TRL RD (em/bR) (em’/iR)
TRSA TRV
PO 8.36b 836.33b 102.94b 0.82¢ 26.58d 0.15¢
P1 12.32a 1288.75a 158.36a 0.84b 42.22¢ 0.27b
P2 12.40a 1332.58a 160.45a 0.85a 44.72b 0.27b
P3 12.18a 1342.33a 169.04a 0.85a 47.13a 0.28a
FO 8.36d 836.33d 102.94d 0.82d 26.58d 0.15d
F1 22.18a 2153.56a 240.59a 0.86a 87.59a 0.45a
F2 11.39b 1364.11b 159.66b 0.85b 45.52b 0.29b
F3 10.27¢ 1039.44c¢ 141.26¢ 0.84¢ 31.15¢ 0.21c
F4 5.34e 727.78e 108.95d 0.82d 14.49¢ 0.15d
F(FR) ok - - ok ok -
POFO 8.36e 836.33¢ 102.94¢ 0.82de 26.58f 0.151
PIF1 22.63a 2100.67a 229.76b 0.86a 87.95a 0.44c
P1F2 11.32¢ 1355.33b 164.47¢c 0.85b 44.52d 0.29d
PIF3 10.27d 1080.00¢ 144.45¢cd 0.84c 30.60e 0.21f
P1F4 5.05g 619.00f 94.74e 0.80f 5.81h 0.141
P2F1 21.46b 2173.00a 238.27ab 0.87a 89.52a 0.45b
P2F2 11.55¢ 1 379.00b 159.94c¢ 0.86a 47.62c 0.29d
P2F3 10.33d 1079.33¢ 146.74cd 0.84c 31.96e 0.22f
P2F4 6.24f 699.00f 96.85¢ 0.82¢ 9.77g 0.13j
P3F1 22.46a 2 187.00a 253.72a 0.87a 85.32b 0.46a
P3F2 11.31c 1 358.00b 154.59¢cd 0.85b 44.44d 0.29¢
P3F3 10.22d 959.00d 132.59d 0.83d 30.88¢ 0.2lg
P3F4 4.74g 865.33de 135.27d 0.84¢ 27.90f 0.17h
P*F ok sk .- sk ok .-

¥4 : TRL A Total root length, RD 4 Root diameter, TRSA “A Total root surface area, TRV A Total root volume
Note: TRL represents as Total root length, RD represents as Root diameter, TRSA represents as Total root surface area, TRV

represents as Total root volume.
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Table 3 Principal component analysis of 16 indexes in
the pot experiment

b5 Index 4% Code PCI1 PC2 PC3
FRTEE X, -028  -0.29 0.78
AL X, -0.69 052 -0.39
A X, 0.01 0.58 0.32
BT X, -0.56 0.72 0.32
AR X, -0.48 0.75 0.24
P X, -0.37 0.88 0.09
it X, 0.17 047  -0.78
THEWH X, 0.87 022  -021
PUE R ANl X, 0.90 0.29 0.23
BEmR I X, 0.94 0.20 0.20
EL/R X, 097  -0.01  -0.06
IR X, 0.99 0.09 0.00
SR X, 0.96 0.18 0.05
HEAZ X, 0.90 0.23 0.18
SRR IR X, 0.98 0.05 0.04
SRR X, 0.99 0.13 0.00
PIIRAFEAEAEL 9.30 3.06 1.82

5 2503 /% 58.13 19.10 11.36
EBU% 58.13 7723 8859

A /Y% 65.62  21.56  12.82

Yo Y, Wi
Y,=—0.093X,-0.227X,+0.002X,-0.184X,~0.156.X,~
0.123X,+0.056.X,+0.285X,+0.296.X,+0.308 X+
0.318X,,40.324X,,40.315X,,+0.294X,,+0.322X ++
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Table 4 Comprehensive evaluation results of improvement effects on properties of RP under different treatments

Lbpg T 434543 Principal component score LERTR He44
Treatment PC1 PC2 PC3 Composite score Sequence

P3F1 4.79 -0.56 1.44 2.84 1
P2F1 4.49 0.30 0.25 2.70 2
P1F1 432 0.08 -2.00 2.30 3
P3F2 0.85 0.05 1.43 0.66 4
P2F2 1.01 0.07 0.06 0.61 5
P1F2 0.77 0.92 -1.71 0.43 6
P3F3 -1.36 0.44 1.45 -0.54 7
P2F3 -1.10 0.31 0.20 -0.56 8
P1F3 -1.10 0.34 -1.35 -0.73 9
P3F4 -3.11 2.35 1.91 -1.14 10
POFO -1.76 -5.32 0.32 -2.00 11
P2F4 -3.87 0.72 -0.33 -2.15 12
P1F4 -3.93 0.28 -1.69 243 13
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