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Effect of plant waste-derived organic fertilizer on soil quality and vegetation

restoration in rocky desertification sloping lands
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Abstract: To investigate the effects of plant waste-derived organic fertilizer on soil quality and vegetation restoration
during the ecological rehabilitation of karst rocky desertification slopes, and to determine the proportion of organic fer-
tilizer added and the application effect under different slope gradients, a study was conducted involving both pot and field
experiments on rocky desertification slopes in Qianxi, Guizhou Province. Each experiment comprised 5 test groupes.
The pot experiment included a control (CK) group and groupes with organic fertilizer addition ratios of 10% (T1), 20%
(T2), 35% (T3), and 55% (T4). The effects of pot treatments on soil properties and the growth of alfalfa (Medicago
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sativa) and ryegrass (Lolium perenne) were studied. Based on the pot experiment results, the optimal organic fertilizer
addition ratio of 35% was selected for the field experiment. The field experiment involved 5 slope gradient groupes:1°—5°
(T-5), 6°—10° (T-10), 11°—15° (T-15), 16°—20° (T-20), and 21°—30° (T-30). This experiment aimed to study
the differential effects of organic fertilizer (at 35% ) on soil properties and spontaneous vegetation regeneration across
these slope gradients. The results indicated that in the pot experiment, all organic fertilizer treatments significantly im-
proved soil physicochemical properties, the growth of alfalfa and ryegrass, and plant regeneration compared to the CK
group (P<C 0.05). However, for most indicators, no significant further increase was observed when the addition ratio ex-
ceeded 35% (T3), suggesting that 35% is the optimal addition ratio. In the field experiment, the addition of organic fer-
tilizer (35% ) significantly enhanced soil quality and promoted vegetation restoration across all slope gradients. However,
for the two treatment groupes on slopes steeper than 15° (T-20 and T-30), the differences in improvement were not sig-
nificant (P>>0.05), and the magnitude of change in all measured indicators was significantly lower than that in the other
three treatment groupes (T-5, T-10, T-15). This indicates that the effectiveness of organic fertilizer is greater on rocky
desertification slopes with gradients below 15°. In conclusion, plant waste-derived organic fertilizer, as a fertilizer source
for soil ecological restoration on karst rocky desertification slopes, significantly improves soil physical structure and nu-
trient content, while promoting the spontaneous regeneration of vegetation. However, its effectiveness is constrained by
nutrient addition ratios and slope conditions.

Key words: rocky desertification; organic fertilizer; soil restoration; soil quality; vegetation recovery

TR R FH 2R, FECLIEEN 088 MR E
RORAE A R B2 AR S R AR B A B ST UE 52
T A HLAE XS 735 Ak 4 S 52 B (2 BEAE TS (2
X 22 iR ) B TR 4 i P AR Bk A F 5T o S R
B Z A6 AN [ A7 B RE R O IE Al BRI T A K 5
WA A LA TE A7 584k b S S b i ) .
e, A 5T LA 5 T B 0 B Ak s A A ) G AT O B
Bh N R A M BT N TR A B AR 34 A
Ui 19t o A B T E LU, 96 0 A A TR 38 B 3 5% R 4
PSR, LA O A7 55 Al 35 i A= 2548 52 00 BOR T 4

0 35

v 7 BT A B K T R
Kz — R A B T R R IX K A
I 11 R B N I Bl R R R
RSB+ M 3 S, A K T g
SRR S R A AL 3G T B R
2 Ui b A AT AR OK G i3 A
G ARG S 1 1 e S

BN AE N 4 B A A K B R
20164F 4245 B 1T FR 24. 500 i X SR AR b T 7 0 1 .
AT B I, 7 A A TR T SN A S R ’
Wb T AL R K R ey gy 1 BRI
EHEE P — RS, BEA KR
BEIT R A U E L3I Al 7 L FLA s

il

2 35 Mo Ak S
WFR B S MBS P Tl i & A BB & S

LA AR AL ) D T RS B B IR AE
FIIAE PR o ) BORE = A HUAL A o ZOR IR, 32
B AR B N i A vb A iR AT R AR
SRR Y E . AR M R T kR
R B o 7 o, b £ R T R A o 4042 R
I T HIRGREN 1077 10 B2 5 A EE AN AL AR i A
AP R AR U R A R RN AL 0 R
A B AL Z LA, & JCHLIR > FA HLSOR O B
(A HUIE A I o A 19 o A A HLAE O ok J5
V8 0 A2 W e A A8 52 M R <6 T 4 T 5 TR 3 A A Y
O

SR, a7 BEACH X, SR A o 7 v e R o
BIRFHH R Z "0 AR T K 2 R dOR A7

(106° 04'~106° 07'E, 26° 48'~26° 50'N . i#f #k 870~
1360 m) ¥, X B0 T 25 b, J& T domdme Bk
A 1 DX Bty 2 XU X B K AR AR R K
890~1 180 mm. & K X i i A1 16 hm?, o] Fi
b TEG AR 8. 87 hm?, MR Hb T X 0. 733 hm?, #8118 A1
ZEMEFR6. 4 hm?, H 3P 40 cm, R R EE 5
A7 T RAE 0 2 B (s Dl ) 22, e b i e R A
1'~5"1510% .6°~10"(5 25% . 11°~15°15 36 % . 16°~
20° 7 16% . 21°~30" 15 13%, J& T & /& £1 %5 1k #
X(FE1).
1.2 E®A4

S HR R A G HLAE 32 f R AL R R
KAGEFFAL N . T i R B BN AT 0l B



(@ (b)

E1

HRRAELIK

Figure 1 Status of rocky desertification in the study areaocation
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Table 1 Experimental design

SbPRE A LN/ Y AEWSEBCAHLIEAC L/ %

CK 100 0

- T1 90 10
T S

T2 80 20

T3 65 35

T4 45 55

AbPRe AL N/ Y YRR A HLIBAC L/ %

T-5 65 35
. T-10 65 35
K H S 5
T-15 65 35
T-20 65 35
T-30 65 35
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Table 2 Comparison of soil physicochemical properties

=] T1 T2 T3 T4 CK
T+ E/ (grem ) 1.14+0.02° 1.040.02" 0.940.01" 0.8+0.01¢ 1.240.02°
LB/ Y 46.8+1.15° 55.2+2.21" 67.343.44° 68.1+2.63" 42.9+3.48"
KR/ % 8.240.51° 9.740.67" 12.440.82° 11.140.44° 7.540.53
pHE 7.240.01° 7.240.03° 7.140.02° 6.34-0.02" 7.540.03°
HHL/ (gkg™) 21.441.88 32.84-2.44¢ 4044157 49.642.31° 15.3+4.11°
28 /(gkg ") 2.1+0.12° 3.20.09° 3.940.14" 4.740.26" 1.4+0.15°
4/ (gekg ') 0.2640.03° 0.48+0.05" 0.6940.02° 0.7240.03° 0.14-0.02°
S8/ (gkg ") 2.640.07¢ 3.440.04 4.140.12° 4.640.09° 2.340.05¢
JTEHLA/ (mgkg 1) 234.6+5.62 301.2+8.44 354.146.47¢ 358.344.65° 205.5+9.21°
A3/ (mgekg ") 12.4+1.35¢ 19.9£2.42 26.942.99° 28.143.43 11.2-£2.44¢
R/ (mgekg ") 96.4+9.61° 119.1410.03" 141.9+8.47° 145.4411.32° 90.7410.48°

T AR F/NG TR IR TE 0. 05 K B AR bR 45 2 2 1A 9 22 57 238 P (LT RAR A IRD) o

Note: Different lowercase letters denote significant differences at the 0. 05 level among groups for the same index (the same for the

following tables).



AR - 63 -
x3 AHNENAIMHEZTEENEZENZMN
Table 3 Effects of organic fertilizer on cultivated alfalfa and ryegrass
L] ES7/Eistny T1 T2 T3 T4 CK

REFR/% 76.243.66° 81.4+4.15"  89+2.48 90.443.66° 75.543.79°
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e WY R/ (gem ?)  1345.0+40.2° 1558.1444.1° 1702.0430.70 174454440  1247.7440.4°
W3 L/ % 57.44-3.23" 53.642.26° 48.243.59° 48.84-4.11¢ 61.34-3.88
KR/ 66.54+2.011" 67.942.47" 72.4+4.15 71.7+3.28" 63.844.52"

B %/ Y% 59.34-3.89" 63.64-2.46" 77.443.88° 78.144.15° 51.243.42

HoER i BRI/ (gem 2 2774.44109.9° 3 264.6454.6° 3765.6754"  4131.24-90.1°  2265.5475.8°
R AW/ (gem %) 1486.6+58.1° 1745.2434.9° 1782.6454.6° 1952.8448.0°  1345.3458.1¢

HEIE L/ % 52.641.42" 53.743.48" 47.242.09° 47.7+1.61° 59.4+2.48"
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Table 4 Effects of organic fertilizer on natural vegetation restoration

W 2E R bR T1 T2 T3 T4 CK
TP FP S/ Tl 8-+0.14° 94-0.36° 940.42° 8+0.61° 8+0.27°
FERR S/ (Fkem %) 23.441.44° 29.342.42" 36.443.92 38.5+2.47 21.3+1.88

o B AW/ (gem %)
R A i/ (gem ™)
W/ %

3125.2435.47¢
2 156.7+46.44¢
69.34+3.48"

3567.64+42.21°
2211.5435.48"

62.742.65"

4129.44-45.22°
2301.4+41.47"

56.1+3.17"

4 205.5435.73°
2 318.2+38.06"

55.7+£2.79°

2988.4428.65
2121.3£27.59°
71.4+3.22°




+ 64 - AV A5 AEL ) I 5 AT AL AL XS A7 55 T 8 s 98 0 ok b A A R S ) 552

x5 BAYENAEEE T EEBELERHZM
Table 5 Effects of organic fertilizer on soil physicochemical properties across different slope gradients
A4S bR T-5 T-10 T-15 T-20 T-30
T AT AR/ (geem ™) —0.24-0.02" —0.240.01" —0.140.03° —0.140.03° —0.140.01°
SALBR AR/ Y 15.8+1.01° 16.4+1.37¢ 13.1+1.89" 9.44+2.01° 8.64+1.77
+ K m AR/ % 4.940.87° 4.840.54° 4.140.36" 3.340.62° 2.940.23°
pH A 725 4k 1 —0.140.02° —0.140.01° —0.140.02° —0.140.01° 0.040.02°
AL R/ (gkg ) 24.142.22° 24.241.98° 16.4£2.47 11.241.44¢ 10.342.05
AR/ (gokg ) 2.6+0.23° 2.5+0.17° 1.940.09" 1.140.12° 0.940.25¢
Sk R/ (gokg ) 0.5140.09° 0.524-0.07° 0.434-0.06" 0.3140.14° 0.284-0.09°
S ARk /(gekg ') 1.940.21° 1.840.08" 1.440.06" 0.940.24¢ 0.840.12°
TMA LA/ (mg-kg ") 146.14-9.42° 148.3411.34° 126.247.47 99.54-9.29° 90.3410.17¢
HRwe b/ (mgkg ) 15.1+£2.31° 14.8+1.48° 11.3+£3.02 8.542.35° 7.24+1.27°
BRI A G/ (mgekg ") 50.346.77° 50.745.93° 43.444.12" 35.246.48 31.44+5.11°
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Table 6 Effects of organic fertilizer on natural vegetation restoration across different slope gradients

LD T-5 T-10 T-15 T-20 T-30
A A ) B B AR A /(R em?) 15.34+2.11° 15.141.83° 12.44+1.42 10.341.67¢ 9.641.04¢
M B AR AR R/ (gem ™) 1121.54-24.69*  1097.2431.05° 955.8426.37" 827.4+16.48° 790.4+23.56°
R A i AR A/ (gem?) 180.2+31.43*  174.54+26.71° 152.3+19.38" 118.4-+25.05° 102.1+£22.47
AR 5e bk AR 1k / %% —15.14£2.31°  —14.8+£1.47 —13.1+2.92" —11.543.13" —10.94-0.99°
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