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Effects of Different Application Rates of Organic Fertilizer on Preferential Flow

Characteristics in Orchard in Plateau Gully Region

MENG Fanxu', WANG Shusen'’, MA Yingmei', ZHANG Shuyuan', QIN Fucang', LUO Yuyang', WANG Dihai’>, GUO Yu',
GUO Xiangdong', CHENG Jiwen', ZHANG Na', ZHANG Ping'

(1 College of Desert Control Science and Engineering, Key Laboratory of State Forest Administration for Desert Ecosystem
Protection and Restoration, Inner Mongolia Key Laboratory of Aeolian Physics and Desertification Engineering, Inner Mongolia
Agricultural University, Hohhot 010018, China; 2 College of Forestry, Northwest Agriculture and Forestry University, Yangling,
Shaanxi 712100, China)

Abstract: In order to study the effect of organic fertilizer application on soil preferential flow characteristics of apple orchard in
plateau gully region, field dyeing tracer, morphology and statistical methods were used to quantitative study the vertical dyeing
soil profiles in an apple orchard in Yongshou County, Xianyang City of Shaanxi Province, the mean square error decision and
preferential flow characteristic indexes were used to analyze the preferential flow characteristics in apple orchard soils under four
organic fertilizer fertilization rates (0, CK; 6 000 kg/hm2, T1;9 000 kg/hmz, T2; 12000 kg/hmz, T3). The results showed that: 1)
The change of soil dyeing area ratio with soil depth of all soil profiles was well fitted to the logistic curve, and the determination
coefficient R* was greater than 0.986. 2) The results of matrix infiltration depth, preferential flow fraction, coefficient of variation
and fractal dimension in the selected preferential flow characteristic indexes were consistent with those calculated by mean square
deviation decision method, the development degree of preferential flow was T3 > T2 > T1 > CK. However, the average maximum
infiltration depth, the ratio of dyeing area to preferential flow zone and the length index showed some deviations in the
assessment of preferential flow degree, which was shown as T3 > T2 > CK > T1. 3) The preferential flow index obtained by mean

square error decision method was 0.75 for T3, 0.59 for T2, 0.27 for T1 and 0.25 for CK, indicating the preferential flow degree is
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increased with the increase of fertilizer application rate. The study can provide a reference for a comprehensive evaluation of soil

preferential flow characteristics and provide a basis for reasonable fertilization for orchards in plateau gully region.

Key words: Gully region of Plateau; Orchard; Dyeing tracer; Soil preferential flow; Mean square error decision method

BT VIR 7K o2 R 7K B 30 R i E 3
G oL U311 7 & = = 51 AT A L = S o)
TRMKEHIER" PR K S RS+
BEBELT , AR 43 AR A B3k - HEVR AR 7K
EEIERP, 1973 4F Petrus S48 TR e —
e, P ORSER AR R AR IR A 3 b ) 1, T
AERARSETRMBIE TS [ 1 [ P AhaE g )32 2D,
H AT 0 e P4 AE BRI T Y R gL =
PIRERITE P IL BB S ke, o, et /R g
VRIAAR,  EL VT B0 e TR/ B S K o E A
SRARZS R AYIB R BL , AR IR e AR AEBF 52 v 4
Fd) iz 5

FAT, PRemmrsy 2w LBl okt
AR BRI Xz B T it A |
PR B ) SR PR S AR A T PG 2 5 R 9 AR X
SRR FE A X SR A B XA 2
T rh R A VR o SRS FEZK R B FIRE K IR
JEE R R ) iR FE K AR, LR T BRI AN T 122 b X 17y
IKGEIRAETE 7 I, (157K 53 R il 230 R A R R
GpEmBEEREN FHL, 7RI R TR AR
X 32 el - e 00 Se L 4 fEIF 5 A 2 T 1 B AR
D5 9"88

e A0 A FH e £ R B 6T 3RO S AR BB 5T
K2 3 5k 5 M 0 e D S AR AE S T34 L 2011
AR E S E T g (0 T B R £ TR R
Jei & BARBAAT T R0, 25 XA — R
TEEAR IO e g KRS A S R AT
I3 T8 YR OV AR S TP R AR X S R R A T
ERE, F8E TR k. BB NS
EAICTAGHRSEL, W IS TR M T25 5 0 hT

P, A SCHERTABIFSE 560 L, {35 7 250

FILLEA 2 DI SC AR A VA FR bR, XTBE PG 44 5%
JEIHALX 0, 6 000, 9 000, 12 000 kg/hm? PUFHA [H]
A B it FH o 5 el - B 5 U A RRAE R AT A BT IR
e m I, DU R Se i R B R LR A TP 2
BERLA AR

1 MRS

1.1 HREEER

TR AE A7 T B VG 44 PH T Kk 75 B S b e
HLPEA7 BN 34°29" ~ 34°59' N, 107°56" ~ 108°20" E,
PSRl = N S T N T S W FA B
YRR 102 C, FEFEFER G 610.66 mm, JCRRIY
210d; HHEREFOMSE KA L, BTl 2k,
AW, WA, KR 20 ~ 120 m. JE L
R SAELO X, 26 b J8 L TC 5 Y il . S-SR (Malus
pumila MilL)ZGEMBMETEFREER, Sl A bR R
WA 40% Vo iz XHEZE RIEA LT 11.66 g/kg,
WA 26.69 mg/kg, AW 16.94 mg/kg, LA
100.59 mg/kg, pH 7.65, % H 1.30 g/em’,
1.2 #HFiEERE5/wiE

2018 4F 7 H, fESCHb iR A LAl b, EIES
3. AN 400 m*(20 m x 20 m)fY 4 FOR[EAHLIE
JitE FHEE (0. 6 000, 9 000, 12 000 kg/hm?*)3F 5 fel FEHb,,
HEAT R R BRI, RIS, HEAT I B E .
VEIL 4 A FE LR A HLAC A A R A1 , Ah AT it FH o
KA A4S SR T — 35, SR SRR & L, R
20 a, FAHEE R 625 Fk/hm*(4 m x 4 m); JiALAT
B3 H .53 .10 7 At =3 R e i 7 =
BT S 20 H AR R Qe R B0 X A 1
TR AP AL (7] B ki it AL ) 4570 o 5 i
ATEOILFE 1.

F1 REHMEKIFR

Table I Basic information of tested plots

Rt AHEHE  fAHE pH R

HIEESYIN -

TSR LIEHAA KR IR OK A

(kg/hm?) (g/ke) (g/em?) (%) (%) (mm) (mm)
CK 0 7.98 7.61 1.35 21.74 8.50 573.75 2379.40
Tl 6000 .10 7.47 1.33 20.13 8.99 597.84 2553.93
T2 9000 1255 1.73 1.28 21.19 9.55 611.20 2435.44
T3 12 000 1501 7.78 1.26 22.75 10.18 641.34 2567.82
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Table 2 Changes of soil dyeing morphology in sample plots under different organic fertilizer application rates

s BFRABRIE Unirdcm) Pt R ABTREE Unax(cm) PRI X G @ ALL De(%)
CK 11.05+0.99 ¢ 31.90+ 1.96 ¢ 38.76 £+4.41b
Tl 11.78 £0.78 ¢ 28.75+132¢ 3552+ 191b
T2 13.86+0.50 b 39.03+1.24b 46.67£220a
T3 15.18+0.73 a 4433+098 a 4923+1.72a
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ANB SRR T, AAE R B RS .
R T 2D R I S TR AR Y
AL LA, YEHR Logistic BR%L. LRk . F8%
PRI, UK BRBSORT 45 A b ORI ) T G € 1 AR L () S
PR ) 1 JR R AT 8T, a4 Fhekdl
PRI ILEE (R 3), S 5 smBaU S 1E R
Rithgk, BEZHMXNCR(E 2). HFE 3 AT,
B R BEUA SR EILN . Logistic PRE>ZAE R —
KRB ROR S, HrP Logistic PRERE REU(RY)
}0.986 ~ 0.997, 444 0.993; “IK K%L R* Hy 0.954
~0.981, N 0.965; LetEpk%k RPN 0.953 ~0.975,
SEHIH 0.959; FEEREL RPN 0.685 ~0.907, N
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Fig. 1 Soil dyeing characteristics of sample plots under different organic fertilizer application rates
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Table 3 Regression between soil dyeing area ratio (y) and soil depth (x) in sample plots under different organic fertilizer application rates

PREA TR FEHL AR N RERK R WIHRIRE RMSE MR MRE(%)
Logistic %l  CK y=-8.53+(96.99+8.53)/(1+(x/2228)%%) 0.986 4.40 49.67
Tl y=-23.02+(97.49+23.02)/(1+(x/18.07)*%?) 0.997 2.14 22.05
T2 y=-77.53+(97.52+52.29)/( 1+ (x/38.35) %) 0.992 2.75 17.67
T3 y=12.74+(99.23 -12.74)/ (1 + (x/20.49) **%) 0.995 2.53 15.18
2R A PR AR CK y=32.69-0.27x 0.955 7.84 80.13
Tl ¥ =29.26 - 0.24x 0.953 7.96 51.42
T2 y=42.77 - 0.38x 0.975 5.02 31.52
T3 y=4291+0.38x 0.953 7.78 38.20
TR CK y=267.61¢ 12" 0.803 14.93 232.98
T1 y =128.08¢ "6 0.837 14.90 287.01
T2 y=192.2e %07 0.685 10.95 139.55
T3 y=190.55¢ 07 0.907 11.41 59.51
TR R CK y=-0.0011x>—0.16x + 31.42 0.964 7.05 135.22
Tl y=-0.0003x> - 0.21x + 28.90 0.954 7.37 107.59
T2 y=-0.0012x> — 0.25x + 40.61 0.981 3.69 20.01
T3 y=10.0017x* — 0.55x + 45.55 0.962 7.28 24.05
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Fig. 2 Fitting effects of relationship between soil dyeing area ratio and soil depth
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Fig. 3 Boxplot plots of preferential flow parameters of sample plots under different organic fertilizer application rates
F 4 TERERIFEIBRERED T
Table 4 Correlation coefficients of preferential flow parameters
WA BIRE YRR ABIRE KE#EH 5 R TR B Vawiz: 244
AE -0.997" -0.86 -0.971" 0.986" -0.993" —0.846
e KK 0.879 0.746 0.705 -0.92 0.867 0.74
I/ NREK HE 0.664 0.242 0.664 —0.671 0.616 0.219
EERKE 0.964" 0.789 0.863 -0.981" 0.951" 0.777
AEEEFLBE 0.635 0.87 0.649 -0.599 0.68 0.872
EELBE 0.158 0.254 -0.156 -0.25 0.159 0.269
MALBRE 0.671 0.938% 0.532 —0.682 0.714 0.948"
HH [ 47 7K it 0.588 0.868 0.573 -0.56 0.637 0.873

e *RIRTE P<0.05 /KRN B 35 A0 G . ** KR FE P<0.01 ZKF-ORUI ) S8 35 4H G o

x5 ZIEMBRRELEE. IHFERNERI 0.8
Table 5 Standardized mean, mean square deviation and weighted o7k
coefficient of each preferential flow parameter ’
= " = 0.6 -
#hE WEEG)  MIi%eG)  WEREWG) s
=S -
Usirr 0.44 0.20 0.15 j 04l
D¢ 0.50 0.26 0.21 Lﬁ‘ 0.3
L 0.49 0.24 0.17 021
Prg 0.36 0.17 0.12 0.1 L
0.0 —
cv 0.58 0.25 0.19 CK momn 3
R
D 0.29 0.13 0.10 . = o e e N
B4 TRAHAEHR ST IRA L REEITM
Uax 0.17 0.05 0.06 Fig. 4 Assessment of preferential flow of sample plots under

different organic fertilizer application rates
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