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Impacts of under-forest Polygonatum kingianum planting on water, soil,

nitrogen, and phosphorus losses

Yan Huiying, LiJianqiang, Yang Shuyuan, Zhao Siqian, Liu Fangyan, Liu Yanjiao, Tang Wenqi
(College of Soil and Water Conservation, Southwest Forestry University, Kunming 650224, China)

Abstract: [Objective] The study aims to reveal the impacts of planting Polygonatum kingianum Collett &.
Hemsl (P. kingianum) under forest, to clarify the relationships between rainfall, slope and runoff, sediment
yield, and nitrogen and phosphorus loss, and to provide theoretical basis for the assessment and control of water,
soil, nitrogen, and phosphorus losses in under-forest traditional Chinese medicinal herb planting models.
[ Methods] The study was conducted in the P. kingianum cultivation forest in Xundian County, Yunnan Province.
The characteristics of water, soil, nitrogen, and phosphorus losses at different slopes (57, 10°, 15°) under natural
rainfall conditions were analyzed using in-situ observation of field runoff. [ Results] The average runoff and
sediment yield of P. kingianum cultivation forest were 164.44% and 251.16% higher than those in the natural
forests, respectively, and increased with slope. The annual average losses of TN, TP, NH;-N, and NO;-N in P.
kingianum cultivation forest were 2.85, 1.75, 4.71, and 2.31 times higher than those in the natural forests,
respectively. The main pathways for TN and TP losses were erosion and sedimentation, while the main pathway
for NH, -N and NO; -N losses was surface runoff. There was a highly significant positive correlation between rainfall

and runoff, sediment yield, and nitrogen and phosphorus loss. [ Conclusion] The planting of P. kingianum
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significantly increases the amount of water, soil, nitrogen, and phosphorus losses in the forest. Rainfall is the main

factor affecting the runoff and nitrogen and phosphorus loss in P. kingianum cultivation forest. However, the

sediment yield in P. kingianum cultivation forest is much lower than the tolerable soil loss in southwestern rocky

mountainous areas.

Keywords: under-forest planting; Polygonatum kingianum; water and soil loss; nitrogen and phosphorus loss
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Fig.1 Diagram of under-forest Polygonatum kingianum

planting model and land preparation
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Table 1 Overview of Polygonatum kingianum cultivation forest and natural forest
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Fig.2 Characteristics of runoff and sediment yield of Polygonatum kingianum cultivation forest and natural
forest land with different slopes under secondary rainfall conditions
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Fig.3 Total runoff and total soil loss of Polygonatum kingianum cultivation forest and natural forest land with different slopes
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Fig. 4 Nitrogen and phosphorus content in runoff and sediment of Polygonatum kingianum cultivation forest and natural
forest with different slopes

23 ERMEARMEEMERSKLE . EBRAE

Shy HE — 25 43 T EORS TR bR M K 2R R 3R 43 i
ERE-ATIESE W00 S O o L
R W o BB A A G ME EAT T AT (R 3D, & 3T
YR 5 R () AE A A Y OE A G OE R
(p=<<0.0D), Wit 5V (A B Z W AR o 3
M) IE AH 96 56 F (p=<0.01) , £2 3t &2 i 38 o 4 i F + 8

MAZE BEEMFJk . TN,NH, -NHNO, -N 5% %
0 IE A 56 228000 59 R 0.91,0.81,0.79, F& I A4S i
MRFZMKA BELmW, Y 545 2 B A
FHYIEAH K 2R (p<<0.05), BE & B A 34 hn , K 3%
R HRM SR, WESR B2 RAEDEN
1E A G K R (p<C0.05) , 3 B 19 34 Jin T g 2 m sl /&R
FUSE 25 A 0%, 9 o J2 B2 K - K 3R 4 K R



5 43

2 BT KR BORE AR XS 7K A KR B R 1Y 5 T

81

R2 AREEEBMEMETMBEAMRMEREDHHR BHNREE

Table 2 Nitrogen and phosphorus loss in runoff and sediment of Polygonatum kingianum cultivation forest and natural
forest with different slopes kg/km’
EELD R &R Cy P Cur Py (o Py
(3 3.180.02Bc 14.3340.26Ac 3.70+0.03Bb 16.6710.34Ab 3.86+0.04Ba 28.18+0.43Aa
TN R 23.94+1.99Bb 48.88+0.66Ac 31.12+0.59Bb 99.24+2.31Ab  53.85+6.11Ba 134.05+3.2Aa
oA 27.13+Bc 63.21+Ac 34.82+Bb 115.914+Ab 57.72+Ba 162.23+Aa
i 0.41+0.05Bc 1.33+0.1Ac 0.55+0.03Bb 2.35+0.14Ab 0.72+0.03Ba 2.69+0.21Aa
TP v 12.924+0.17Bc 19.84+0.11Ac 16.69+0.51Bb 27.61+1.57Ab  27.95+1.51Ba 49.77+1.47Aa
A 13.33£Bc 21.174+Ac 17.24+Bb 29.954+Ab 28.66+Ba 52.46+Aa
(&3 0.86+0.06Bc 4.344+0.17Ac 1.04+0.02Bb 6.424+0.13Ab 1.57£0.05Ba 8.55+0.46Aa
NH; -N R 0.38+0.01Bc 0.7840.01Ac 0.58+0.01Bb 1.8120.05Ab 0.934+0.04Ba 3.334+0.18Aa
S 1.24+Bec 5.11+Ac 1.62+Bb 8.23+Ab 2.49+Ba 11.88+Aa
B 2.61+0.09Bc 5.060.23Ac 2.98+0.05Bb 8.26+0.31Ab 3.71+0.13Ba 14.59+1.78Aa
NO; -N v 1.724+0.04Bc 2.25+0.03Ac 2.52+0.03Bb 3.6310.07Ab 3.56+0.04Ba 5.66+0.12Aa
A 4.33+Bc 7.31+Ac 5.50+Bb 11.89+Ab 7.27+Ba 20.25+Aa

T A /NG R R AN TR I ] 22 53 8235 (p=<0. 05) , AR K5 71 2% A [ kb 2 0] 22 5 8 25 (p<<0. 05) ¢

R3 EBEMEMKBERSKT EBRLEHNHEXE

Table 3 Correlation between rainfall and water, soil, nitrogen, and phosphorus loss in Polygonatum kingianum

cultivation forest
EiER D i T s TN#ARE  TPHRARE NH; -Nf k& NO;-Ni k&
R Wi it 0.866 0.933" 0.841" 0.825" 0.757" 0.532"
R 1 0.974" 0.947" 0.978" 0.842" 0.690™
JEYb 0.974" 1 0.937" 0.949" 0.840" 0.621"
ez 0.406" 0.283 0.358 0.424" 0.429" 0.439"
T TRR B A OE (p<0. 05) 5 FRR M A OE (p<<0. 01,
3 IﬂL I/I': 5l A 113.78,34.53,8.41,13.15 kg/(km” - a), f& H %k

3 HMTEBMEXNFRADVIHR . BEREXNEIE
AW 5E 45 A 3R W BRSO R b ST 24 8 I
FE =V 0 0 8.59 mm/a #i113.61 t/(km® » a),
A5 E SRR M 2 BB N T 164.44% F1251.16% ., kT
i L ¥R 5 B5OMK b K A R R A AR RO B 3
e, 3 B PR R — 5 AR T BEORS ok i AR o s X
ARHb R AT I B, A0 B AR AR B RURG VE 0 AF L AR
A RIS 75 3 0 K SC AR ZS T RE R 2, Ml 3 1% G ol 3
S, HbL A I B 0, 6 A A vl B ) 3 5 L 5 3K
K AU G SR DY — O TR M AR - A R
N WEIR, H EHT pl R Ty 55 L B0 T (R bl 5
JE o A, T PRIE B, N h BRI A 0 2 [R) 1 4
AAF RS, HEABRE 0 R AR R . A
AF 5% 2 WA 76 2R FhoRE AR 15°3% 1w 7= Vb i de K, oM 19.66
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