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Monitoring Locations of Soil Water Content in Water Storage
Pit Irrigated Dwarfing Apple Tree Orchard
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(1. College of Water Resource Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China
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Abstract; Soil water content (SWC) is of great importance to establish an appropriate irrigation scheme.
The study object is 5-year-old dwarf apple trees under water storage pit irrigation method ( depth 40 cm).
In order to find an optimal SWC monitoring location, the distribution of apple tree fine roots (d <2 mm)
at different locations and SWCs within the root zone were studied and analyzed with regression and cluster
analysis methods. The results showed that over 90% fine roots of apple tree were within 0 ~90 cm from
the apple tree trunk in horizontal direction, while over 80% fine roots were within 0 ~ 120 e¢m from the
apple tree trunk in vertical direction. The growth peak of fine roots was within 40 ~ 60 c¢m depth which
accounted for over 40% of total fine roots. Meanwhile, the monitoring points were located at 90 cm away
from the trunk (D 90). SWC distribution in vertical direction of the D 90 monitoring points was accorded
with exponential function, with correlation coefficient greater than 0. 8. Through sorting the SWC at six
different depths in D 90 with R type hierarchical clustering method, it showed that the soil moisture
sensors in 60 cm can be used to represent the SWC condition within 0 ~ 120 ¢m depth. The SWC error
between the simulations and observations in 2013 was within +5% . The experimental results suggested
that the profile ( depth 60 cm) of SWC measured in the D 90 was sufficient to estimate the water
consumption amount under the water storage pit irrigation in the orchard.
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BEOK I3 W S B S AR R D o PRI AR SO T
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BOKGUHET BAR d<2 mm WK AR B 40 A 5 AiF -
LR Koy o3 A i SR SR A K I SR A
FRAL ., Ohy it o o R o e AR Al

1 #R57FE

iR 06 b A R
B0 7E LV 45 AR B BE S A F 55 I 4% Ak 3 5 [l
PEAT R F AR 2 1120327, 46 45 37°23 ' K45
ELVURE, F R R 781.9 m AR B R
9.8%C , LAEMIIA 175 d, Z4EF-F %K 7 2 460 mm,
i ML TR W L 2 KGR W) 8 Rl 2 T R AR
4 F [ 8 5 4 73 2R AR 1, 0 ~ 200 em
TU TR P - LR AL R 36 1 TR, R RIS 4R
T TR 1.47 g/em’, H [ F5 K R F 3 K
24.7% (RFLEK2) o 0 ~40 em {5 [l Y + 5 E S
AROEA :pH A 8. 01, 22 A B & L 0. 781 8 g/kg, 4k
Ja it bk 0. 573 g/kg, 44 it # Lk 20. 93 g/kg, A HLJ5
J 1 8. 69 g/kg.

1.1

TEMAA AR

Tab.1 Soil texture composition

Bhokr k0 K/ %%

ks k5 K/ %

Thokr 5 ik 3 K/ %%

TR/ em 5
(0 ~0.002 mm) (0.002 ~0.02 mm) (0.02 ~0.05 mm) (0.05 ~0.25 mm) (0.25 ~2 mm)
0 ~30 16. 12 27.11 25.25 29.24 2.28
30 ~70 14.28 23.90 32.32 28.73 0.77
70 ~ 120 14. 89 17.23 34.74 32.15 0.99 HE+
120 ~ 170 13.13 12.32 36. 18 37.61 0.76
170 ~200 11.24 8.65 39.94 39.08 1.09

1.2 RFERER

I XTG5S a AR (R O 3 Bl R R%
LU LT ER, R O W S A K, L RL O SH &
IR E PR R PR A K E 2 20 em, A
BIRBEL) 10 emo U5 SRR R 78 /K BT HE B B (BT
TR 40 em) ARXIEHI M (3—10 A £43) 70 5l 76 1 TF 18
W4 A 15 H) SR A 23 H) MRERM(T H
20 H) HEATHEOK B HE K & O 200 L/#k s o H
A 2 2R el 19 O — B
L3 WRERERSH

Do RE e KR I AT B AR B B TRIME —
PICO — IPH 4% 3 TDR &5 7K 5 i I 457 A, Xob SR WY 1B 7K

HRHEATWORE 20 # o A UG B0 28 T A K R K H A
T C 2 S & K GUHE (BTIR 40 em) 1 3 Bk A4
HATHESE o

BT IR 5 a A IS /N, AR R 43 A R R A
T, DRI SR PRI AR Al v (AR A 7% 9 70 mm) 1 of 3
AR R IEATBUORE o AR SR A KR (d <2 mm) ™™
— AR — A AR 2 W K e — e T—8 J
By —WAE 12 H—WAE 1T Ay, 985 3R & A5
M) SR AR A G RO B R R 2 koA K R g S, BRI TE
2013 4£ 9 H iy #12014 423 Ay (F &R+ ) o B
AT E AP ST & Ab, 7 5 B s T 30,60,90,
120 em, it D,30.D,60 D90 D 120([& 1),
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Fig. 1  Root survey sampling scheme and moisture

monitoring points

LERRIE 2300 3. %0KI0 4. MR IORE A 5 7K R I s

MR , B 20 em PRy — 2B, H
200 em PRIE o A HCH B9 A AR R A9 R T B
AR IFARIC A I L % S T 40 H A I A
WK hVE Sy B, ARG 4 TR o K4 B R
Z BT T R SF A 20 em x 25 em B4 L
mr(RASWARZ A AGEES) , I (Epson
Perfection 4870 ) X} # R # 7 H #, H A
WinRHIZO # % 73 # & 1 ( Regent Instruments
Company, Canada ) X} 39 4 25 5 647 20 #7 , FE 11 55 0%
KR (B d<2 mm) FARK % B, B

RD, =L,/V, (1)
FaWas! RDL—d‘EK%E,cm/cm3
Ly RAKE, cm
Vi—— H AR, em’
1.4 THEESKREN

3 R B AR X A HE 5 K A5 W0 ARG A S AR AR 1)
SR RO R 2, R EE B R T 30,60 90,120 ¢m
4 44,81k D,30.D,60.D,90.D,120(® 1), M
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F Microsoft Office Excel 2013 X} Fr 1548 & 1 &
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2.1 RIF/EHRKIR S R E L NEE
B2 S B KU T S WK AR 43 A, 35 K
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Fig.2 Distribution of fine roots length density of

water storage pit irrigated apple tree
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x2 EWEEBRKIRSSE
Tab.2 Vertical distribution of fine roots length
density of apple tree
e 9 158 1 IR WA 3 AR 2 IR
- R AR BB MR HEREK BEUR
W BENE KA WE mEME KA
(emeem ™) EU/% B/% (emeem™?) EU/% B/ %

cm

20 0.2350 16.20 16.20 0.3659 22,71 22.71
40 0.2712 18.69 34.89 0.4065 25.23  47.94
60 0.3452 23.80 58.69 0.3340 20.73  68.67
80 0.224 4 15.47 74.16 0.0786 4.88  73.55
100 0.1056 7.28 81.44 0.0638 3.96  77.51
120 0.0855 5.90 87.34 0.0480 2.98  80.49
140 0.050 1 3.45  90.97 0.0669 4.15 84.64
160 0.041 4 2.85 93.64 0.1288 7.99  92.63
180 0.0270 1.86  95.50 0.0780 4.84  97.47
200 0.065 1 4.50 100 0.0407 2.53 100

i 2% 2 AR 3 AT, 2 WA A, R I /K A
R RN AR FE A0 ~120 em 1 )2 R K
B RE o ) AR R Y 87, 34% 1 80.49% , HHE 4
T 40 ~ 60 em TR LY, L AR B 400
MR 42.29% F145.69% , {EBER T /KRB Y,
AR FELIMLE 0 ~90 em JWHE A, HAR K % B 43 5
b BHR & 92.83% 1 94.38% , 3 L HE B M T
60 cm Kb AR R 40 A b ) AR K B 8 5 40% Aotq o

x3 ENEZEBRARSE
Tab.3 Radial distribution of fine roots length
density of apple tree
T 9 JI3ER 1 YRR UAE 3 035 2 IREUR

oy R HERK BB MK HEHREK BB
W EENE KEs ®WE BENE KES
(cm-cm’B) DR % B % (cm-cm’;) B % K %
30 0.5679 39.67 39.67 0.5203 32.29  32.29
60 0.5516 38.53 78.19 0.7165 44.47 76.76
90 0.209 6 14.64 92.83 0.2839 17.62  94.38

120 0.102 6 7.17 100 0.090 5 5.62 100

cm

PRI I, AR 4 W K AR LA 1) O ~ 90 em, T[] O ~
120 em 2y FE AN X, I 76 D,60 I 45 4k 43 A fie )™,
I D,60 F1 D90 il 5 A7 F W bT TP A B 8 X Fx X
S, AR A% 1R T T I A5 0 K 3 20 A B — B, [ B R
| TDR {42 7 W 030 Bl (15 em ) DA B 3h G 5% ) 5
X AR R 2R A KA B T 3 I K R )
D90 ( BEH T 90 em &b, % 0 ~ 120 em) ) 75 7k H %k
30 S AR XK 43R B
2.2 BRELEASSHEHUESHEHELNSFE

K (2) mofs BeeR g, %) 2014 4£ D 90
TR BE 0 ~200 em LA 9 1 38 (R B Kk S 55080 R 47

e WEHRIE 4,
1

9=maeb|:_“ x 100 % (2)
X o—— LR G IKE, %
z +EHE ,em
a.b.c ZH

x4 ERFKEBAGSHE
Tab.4 Fitting parameter values of soil water

content in vertical direction

FURTINER ] a b ¢ r
4 726 H 31.06 -0.003 738 130.9 0.928 8
SH21H 30. 50 -0.005 057 154.3 0.943 6
6 12 H 27. 86 -0.005 697 168.2 0.9722
7H21H 25.44 -0.002 537 186. 1 0.960 3
8H1H 27.69 -0.002 799 131.8 0.9300
9H4H 25. 66 -0.002 870 174.6 0.9758
10 H15 H 27.48 -0.003 036 122.9 0.8622

T r MR R

fh 2 4 TT A TG RO AE 0. 8 LA T M
#5D,90 b - 4 B 7K 5 A T ) 1 43 A1 4 5 2 (2) B9
R T

SRAf 2 =0 ~ 120 em 5 [H P A0 T2 1 HEEKF 0

— 1 120 ble el
= T % 100% 3
9=12000 f . ¢ (3)
v L) X RRLE K %
F(2) ORI NIRE 2, 45 R W 3,

©30 —m— HKEHE —e— X PIRE 64 €
. R}
45 25
Lo ol i
43% 5 60{4’_‘%
T 25 0516 05.05 06-25 0715 05.04 0824 0513 1003 10-23

=k
B3 AR AR S KRR B S A
Fig.3 Distribution of soil volume water content and soil depth

H P 3 AT,0 ~ 120 em i+ 8 4 K R KM 6 S
ARYEFFTE 15% ~25% , 15 H [ 77K 1) 60% L) I
X REHIER BE 2 O 61 ~ 63 em, £ R LW, I £ D,90
1) 60 cm PRI 1Y W DU £ 48 Al AR HE AN 0 ~ 120 em
JRE S P9 0 - S B K R A L o
2.3 RFPLIEINEIFTHEENSRE

HRAJE 2014 45 S0 i) S Al 7 SR B A2 7 B Y 1
BB KRB o B I A D 90 Ab R R R E i) £ 4
RAE KRR KR (KS) .

I3RS AR, & IR T IS K R Z AT — 8
MYAHE O ZR L BR 20 em A, HoAth 2 [B]AH ¢ R 20 K
T 0.4, X2l TRRRZ R I A, M
LI JZ E) K R B AH R R, AE 0.7 LA
b Hodr IR BE 100 em F1 80 em AH G M i, IR B



164 & A Bl B ¥ i

2015 4

x5 ARARELEBEREKEHRXRY
Tab.5 Correlation coefficients of soil water

contents at different depths

TR HHHE/em
fE/em 20 40 60 80 100 120
20 1

40 0.8124 1

60 0.3503 0.7429 1

80 0.0990 0.5508 0.8241 1

100 0.0487 0.4930 0.7855 0.9786 1

120 0.0161 0.4586 0.8451 0.9024 0.8942 1

60 cm 55 HA A JZ MG PE R B S TR E 20 em BR 5
40 em AH SR B A1, 5 A R A A A 5C RS A
W

AR R 347 B 5t B 4528, 8% 0 ~ 120 em I
JERN 5y 0 6 A 1 )2 MU R OB o Hr X H ik AT o
Ko RISl S o &% 8 B A i —
I IR HE E AL (8 B B /s A 50 A B oK) 1Y
AR RN — /NS B IR B /N S A LA P
A, B AR A 0805 , 5 Ja K — V) 1 AT R &
— ARG TR B — A~ $22 AR AU /I 3R 4 ok 11
AR o AR SOFI T I EG g 28 s H 3 SRR B g, 2R
SR % 30k d e W O DT RO SR i I
D90 {4 - 5 5 K A, Z R UL 4

0 5 10 15 20 25

100

60
B4 A Z R 5 KRR R A

Fig.4  Soil moisture polymerization pedigree

at different depths

Hi &L 4 BP0, A0SRk D90 1 0 ~ 120 em PRI
# )2 LHOK RO 9 2 26,60 em R R 4=
WU RIS 50 3 2,20 ~40 em fURTKZE 1R
TACRNE I, 60 em AU R 2T KRGO, 80 ~
120 em fUFREZE LIS KRN 00 ; LA HE, 70 2K
BCHBOR VA 2B R A

MG S FIE 4 (20 Bras A, m] A D90 ) 45
60 cm PRIEAL [ + 555 K ARAL 0 ~ 120 em B (A
FHEE KRGO
2.4 HRWIE

FI T 2013 45 % 1% 356 3 [7] — HEAS A ) HT IR
40 em {3 RBIE (2 U5 A 1 BT, R A T 4

B& 30 cm A B —AN 0, 28 AN A ) fY Bk R
oA % D90 M A 60 em I AL Y - 58 Ak F gk
fiE 0 ~ 120 em B A 4 385 AR AY 4516 2517 3818 43
Wi 4% 6,

x6 HEMYMPYLEESKEIFLL

Tab.6 Comparison of computed and measured

soil volume water content %
BT 90 om & BEBSRET 8 WA
H 1 60 cm JREBEALATL 0 ~ 120 em T AR )rf;:f
k% akEME
5H24H 21.01 22.06 4.76
5H28H 29.20 28. 10 -3.91
6 H4 H 20. 07 20. 39 1.57
6 H24 H 27.76 27.92 0.57
7HI19H 30. 65 31. 12 1.54
8 12 H 27.54 27.41 -0.13
9 H10 H 30. 62 30. 17 -1.49
9HI12 H 31.28 30.11 -1.17
9 H16 H 30. 68 33.36 3.88
9 A2 H 32.98 32. 64 -1.04
10 H 10 H 31.12 32.02 2.81
10 H26 H 32.34 32. 64 0.92

M 6 T 45 D90 A 60 m VR Ay +- e
SRR 8 AN 0 ~ 120 em YR -8 K %60
VI L B 6 45 R B, A T I 9% 2R A e
+5% BAA WA BESR . [, FT LU D.90 3l 4 60 em
VRIS ME R FAE KGR S o 2 R il 3 A AR XK
SR B0

3 HFig

(1) TEFKGLHE (LUK 40 em) T ,5 a A SRR 2R
R 2 WA B ), S SRR R OK AR AE K SF- 5 ] | 32
BYAAERER T 0 ~ 90 em S5 [ P, HAR A % B 7 AR
FI90% L) b5 i H R EZ A AE 0 ~ 120 em, HAR
KB o AR R A 80% LA I FEAETREE 40 ~60 em iK%
AR, LR % 13 | AR R 1 40% LA I

(2) MR PG MK MR AE KB, s B BN T
90 cm .0 ~120 cm PR D,90 M x5 AE hy S 55K %
I 7 R A 8 K el ) 2 AT S 4R HeR B, A G
2B 0.8 LU I,

(3) ) FH il 48 L5 AN 2840 M A5 4, D90 45,
60 cm R FE Y + 58 5 /K A8 0] DL R AE D90 I £ ) T
0 ~120 cm ¥ F-#4 % 7K, 3 F 2013 4E5200 D90 il
J60 em VR BE I B K A 5 8 NI A5 B0 2R AT
B AE, AR 22 Rt +5% . RWAEZKEET
5 a ARG R AR Y 7K 43 M D 5 AT DA A AE D90
I 560 em PR AL, K 21 W AR X 4 48 5 oK R AR {E
B0 HAR B8/ T 1 DS ]
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