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Fig. 1 Characteristics of runoff and sediment yield on the surface
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Fig. 2 Characteristics of runoff and sediment yield under ground
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Table 1 Variation of TN output with runoff

o LT PRSI e bt ROWABE  WKWH OFHk
Type Rainfall intensity Average loss concentration Total loss Nutrient loss modulus Loss ratio  Average loss
/ (mm-h™") / (mg-L™") /mg / (mg-h™m™) 1% / (mg-min")

b 15 0.00 0.00 0.00 0.00 0.00

Surface 30 0.00 0.00 0.00 0.00 0.00

50 2.88+0.15 224.45 + 11.64 74.82 +3.88 72.84 7.48

70 2.49+£0.07 218.47 £5.75 72.82 +1.92 68.13 7.28

90 2.78 £0.05 286.61 £ 5.46 95.54 +1.82 66.34 9.55

i~ 15 2.06 +0.06 4546 +1.38 15.15+0.46 100 1.52

Underground 30 2.10£0.10 65.51+3.24 21.84+1.08 100 2.18

50 2.11+£0.09 83.69 + 3.46 27.90 +1.15 27.16 2.79

70 2.27+0.12 102.20 +5.37 34.07+1.79 31.87 3.41

90 2.52+0.10 145.42 +5.50 48.47 +1.83 33.66 4.85
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Table 2 Variation of TP output with runoff
Fom Wik T 58 32 - R v S TR PR e i e I S O NSy
Type Rainfall intensity Average loss concentration Total loss Nutrient loss modulus Loss ratio  Average loss
/ (mm-h™) / (mg-L™") /mg / (mg-h™"m™) /% / (mg-min™")
HE 15 0.00 0.00 0.00 0.00 0.00
Surface 30 0.00 0.00 0.00 0.00 0.00
50 0.24 +0.04 19.08 +3.18 6.36 +1.06 75.33 0.64
70 0.27 +£0.05 22.21+4.11 7.40 £ 1.37 75.54 0.74
90 0.33+0.03 33.19 £4.02 11.06 + 1.34 77.76 1.11
W 15 0.19+0.06 4.11+1.30 1.37+£0.43 100 0.14
Underground 30 0.18 +0.07 5.64+2.19 1.88£0.73 100 0.19
50 0.16 £ 0.04 6.25+1.56 2.08 +£0.52 24.67 0.33
70 0.16 £ 0.03 7.19 £1.35 2.40 £0.50 24.46 0.24
90 0.17+0.03 9.49 +1.67 3.16£0.56 22.24 0.32
3 BERTKEETUIER
Table 3 Variation of TK output with runoff
Fom Wi 54 A e TEE TR T3 KA WA SRR
Type Rainfall intensity Average loss concentration Total loss Nutrient loss modulus  Loss ratio  Average loss
/ (mm-h™) / (mg-L™") /mg / (mg-h™"m™) /% / (mg-min™")
Hh 3= 15 0.00 0.00 0.00 0.00 0.00
Surface 30 0.00 0.00 0.00 0.00 0.00
50 0.65+0.11 50.97 + 8.64 16.99 +2.88 80.81 1.70
70 0.82+0.13 71.57 £ 11.32 23.86 +3.77 82.78 2.39
90 0.65+0.09 69.53 +£5.59 23.18+£3.20 78.86 2.32
b 15 0.29 +0.02 6.49 £ 0.44 2.16+0.15 100 0.22
Underground 30 0.27 +0.03 8.22+£0.92 2.74 +0.30 100 0.27
50 0.29 +0.05 12.10 £2.06 4.03£0.69 19.19 0.40
70 0.31+0.04 14.89 +1.89 4.96 £0.63 17.22 0.50
90 0.47 +£0.07 18.64 +2.77 6.12+0.92 21.14 0.62
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Table 4 Loss of nutrients with surface sediment relative to rainfall intensity

S Wi T 5 S22 S H PR T RE TR RO TR AHL - R A HER

Type Rainfall intensity =~ Average loss concentration Total loss Nutrient loss modulus ~ Average loss Enrichment

/ (mm-h™) / (mg-L™") /mg / (mg-h™"m™) / (mg-min™") rate

TN 15 0.00 0.00 0.00 0.00 0.00

30 0.00 0.00 0.00 0.00 0.00

50 1.13+£0.14 2533 +3.14 8.44 +1.05 0.84 0.66

70 1.41 +0.21 42.25£6.29 14.08 £2.10 1.41 0.82

90 1.41£0.17 67.45+8.13 2248 +2.71 2.25 0.82

TP 15 0.00 0.00 0.00 0.00 0.00

30 0.00 0.00 0.00 0.00 0.00

50 1.75+0.22 39.13 +4.92 13.04 + 1.64 1.30 1.04

70 1.87+0.19 55.91+5.17 18.64 +1.89 1.86 1.11

90 1.97 £0.15 93.98 +£7.16 31.33+2.39 3.13 1.17

TK 15 0.00 0.00 0.00 0.00 0.00

30 0.00 0.00 0.00 0.00 0.00

50 8.19+0.31 183.47 + 6.94 61.16 +2.31 6.12 0.96

70 9.47 £0.28 282.93 £ 8.37 94.31+2.79 9.43 1.12

90 9.33+0.17 44491 £8.11 148.30 +2.70 14.83 1.10

x5 AREMETHTRILFSRKIF!
Table 5 Loss of nutrient with underground sediment relative to rainfall intensity
o bR PRSI ik ROMABE PHWKkR AR

Type Rainfall intensity Average loss concentration Total loss Nutrient loss modulus ~ Average loss  Enrichment

/ (mm-h™") / (mg-L™") /mg / (mg-h*m™) / (mg-min™") rate

TN 15 1.70 £ 0.11 8.92+0.58 2.97+0.19 0.30 0.99

30 1.13+0.08 7.55+0.53 2.52+0.18 0.25 0.66

50 1.56 £0.13 11.47 £0.96 3.82+0.32 0.38 0.91

70 1.41£0.07 13.08 £ 0.65 4.36+0.22 0.44 0.82

90 1.13£0.12 13.45+1.43 4.48 +0.48 0.45 0.66

TP 15 1.51+£0.23 7.93 +1.21 2.64 +0.40 0.26 0.89

30 1.86+0.11 12.40+0.73 4.13+£0.24 0.41 1.10

50 1.71£0.15 12.58 +1.10 4.19£0.37 0.42 1.01

70 1.62 £0.09 14.98 +0.83 4.99+0.28 0.50 0.96

90 1.57+0.13 18.67 +1.55 6.22 +0.52 0.62 0.93

TK 15 9.68 £0.22 50.92+1.16 16.97 +0.39 1.70 1.14

30 8.97+0.17 59.88 +1.13 19.96 +0.38 2.00 1.06

50 8.34+0.19 61.45+1.40 20.48 +0.47 2.05 0.98

70 8.48 £0.21 78.39 + 1.94 26.13 +0.65 2.61 1.00

90 9.40+0.16 111.74 £ 1.90 37.25+0.63 3.72 1.11
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Table 6 Correlation coefficient of volume of runoff with nutrient loss relative to type of nutrient

L (E39=8 o BHAR® A A R b 4w Tevb 4y
Index Runoff volume TN in runoff TP in runoff TK in runoff ~ TN in sediment TP in sediment TK in sediment

i 1

A a® 0.939% 1

(S 0.959%* 0.9927%* 1

e 0.966%* 0.973%* 0.962%* 1

RYeR” 0.979%* 0.962%* 0.987%* 0.943% 1

T 2w 0.965%* 0.967%* 0.991%* 0.932% 0.997%* 1

Jeubapm? 0.972%%* 0.960%%* 0.987%%* 0.932%* 0.991%* 0.992%* 1

e **FIRAE0.01 A (U)W A *FRRTE 0.05 ACE (3UI) I8 2 4HE Note: ** means significant correlation at
0.01 level (bilateral); * means significant correlation at 0.05 level (bilateral) (DRunoff volume, @TN in runoff, @TP in runoff,
@TK in runoff, &TN in sediment, @TP in sediment, DTK in sediment
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Characteristics of Nutrient Loss from Sloping Farmland in Karst Region as A
Function of Rainfall Intensity

GAO Ruxue' DAI Quanhou'’ GAN Yixian"’> PENG Xudong' YAN Youjin'
(1 College of Forestry, Guizhou University, Guiyang 550025, China )

(2 Site Survey Center, Forest Public Security Bureau of Shuicheng County, LiuPanshui, Guizhou 553000, China )

Abstract [ Objective ] As the multi-media environment in the karst region is so peculiar, few case-
specific research methods are available, making it hard to carry out researches in this region of how soil
nutrients are lost from slope farmlands. Although some have been done, outcomes vary sharply and are far
from complete, adequate or systematic to exposit rules of nutrient loss from slope farmlands in the karst
region, let alone mechanisms of underground soil nutrient lost. Therefore, this study was unfolded to explore
characteristics and mechanisms of soil nutrient loss from slope farmlands in the karst region as a function
of rainfall intensity, in an attempt to provide certain theoretical reference for control of nutrient loss and
non-point source pollution from slope farmlands in the karst region. [ Method ] An in-lab experiment was
carried out with soil packed in a steel trough to s imulate bare slope farmland in morphological structure,
20% in bedrock outcropping rate, 20° in slope gradient, and 3% in porosity. Besides, the experiment was
designed to have five levels of rainfall intensity, i.e., 15 mm-h™', 30 mm-h™', 50 mm-h™', 70 mm-h 'and 90
mm-h™', to scour the aritificial slope farmland. Before the experiment began, the soil was made saturated in
moisture with a light rainfall event, and effluent was collected for 30 minutes after the slope began to yield
runoff. [ Result] (1) The rainfall intensity critical for runoff and sediment yield to transit from underground
to surface varied in the range of 30 mm-h™' ~ 50 mm-h™", and runoff and sediment yield increased with rising
rainfall intensity, and occurred mainly on the surface. (2) Under light rainfalls, 15 mm-h™' or 30 mm-h™" in
intensity, loss of TN, TP and TK occurred mainly with underground runoff, while under heavy rainfalls, =
50 mm-h™" in intensity, the loss of nutrients with surface runoff gained in proportion to the total loss and
reached three times as much as that with underground runoff. The runoff loss of TP increased in both volume
and concentration with rising rainfall intensity, but the loss of TK and TN did not change so significantly. (3)
The nutrient loss with sediment occurred mainly on the surface, reaching about 5.03 times higher than that
underground, and nutrients in the sediment were higher in concentration than those in the runoff. Nutrient
enrichment rate of the surface sediment was on the whole higher than that of underground leaching. The
totals of nutrient losses with surface and underground sediments and their moduli all increased with rising

rainfall intensity. And (4) Significantly positive relationships were found of the total volume of runoff with
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nutrients (TP & TK) in runoff and nutrients (TN, TP & TK) in sediment (P<0.05), and with TN in runoff,
too (P<0.01). [ Conclusion ] The losses of TN, TP and TK occur mainly with runoff in slope farmlands
in the karst region, and partly with sediment. Under rainfalls light in intensity (15 mm-h™' ~ 30 mm-h™"),
attention should be paid mainly to control of nutrient loss with underground runoff. The impact of rainfall
intensity is significant on TP loss with runoff in volume and concentration, as well as on totals of nutrients
lost with surface and underground sediments and their nutrient loss moduli. The total volume of runoff is
significantly related to the losses of nutrients with runoff and sediment.

Key words Sloping farmland in karst region; Rainfall intensity; Runoff; Sediment; Nutrient loss;

Enrichment rate
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