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Changes of soil moisture and mineral-nitrogen contents in apple
orchards of Loess Plateau under the regulation of different
water-collecting and impermeability techniques

CHEN Jiayu', XIE Yongsheng'”, LUO Han'?, ZHANG Bingxue’, SUO Gaidi’, ZHANG Wenbo'
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3. College of Resource and Environment, Anhui Science and Technology University, Chuzhow, Anhui 233100, China)

Abstract: In the Loess Plateau environment, the changes of soil moisture and mineral-nitrogen ( N) contents
under the control of different water-collecting infiltration impermeability technologies were studied and analyzed for
apple trees in apple orchards. Additionally, this research explored the anti-seepage water accumulation technology
suitable for the sustainable development of orchards in dry areas. Through the research, it is summarized that rid-
ging coated treatment (1), seepage control layer (II) and ridging laminating impermeable layer process (III) in-
creased soil moisture in 0~300 cm soil layer and decreased the nitrate content. The best overall effect was with the
ridging coated with impervious layer handles (III), which increased soil water content by 9.60% , reduced nitrate
N content by 57.15%. In contrast, ridging coated treatment (1) uniformly increased soil water content in 0~200 c¢m
soil layer by 7.73% , even reduced the nitrate content by 60.08% ; impervious layer handles (1I) increased the soil
surface water content of 0 to 40 cm soil layer by 7.37%, reduced nitrate N content in 40 ~200 c¢cm middle soil by
74.38%. This study showed that different water-collecting impermeability techniques reduced the leaching of ammo-
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nium nitrate by changing the spatial and temporal distribution of water. This improved the utilization efficiency of

water and fertilizer. In addition, the treatment of ridging laminating impermeable layer process combined the advan-

tages of two technologies; ridge film mulching and artificial impermeable layer, which effectively regulated soil wa-

ter movement and reduced nitrate N leaching. This is a feasible technical measure to improve soil water and fertilizer

status, increase orchard yield, and make fruit industry sustainable development on the Loess Plateau.

Keywords :apple orchard ; ridging coated technology ; artificial seepage control layer; soil moisture ; nitrate nitrogen
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9.0 I AFAER

2 ERE5H

2.1 AEEKERETESTEADTHEHE
ANTRISETK 5 it ) = 3K 43 52 B0 S ] 1 A8 Ak
A, AR KR LA 1, 3
SR KR A CK(21.32%) < 11 (22.08%) < 1
(22.75%) <M (23.37%) A0EE T (11 I0 46735
TR HE R R (CK) 8 6.71% .3.55% 11 9.60%
IR L AT RAAE M AR T T TR R (CK) Y 133
O 7R B TR B 1 o A < a3 -k ) S

Dw :0V .h (2) ﬂﬂﬂéﬁ%%o EO'*lOO cm i}%,ﬁlﬂl \IH%nXd‘,E!ﬁ
A, D, A EIHORE (mm) L0, A EIAEREKE (CK) P39 SRR IS > 4038 1A, B
x1 AR
Table 1 Experiment treatment
e fb B LIS IpIRrS
Code Treatment Treatment method
- S 46K 75 M 1 LB H A0
CK " ) Treatment of conventional farming measures without any water collection and seepage

Clean tillage

prevention measures

I B A B
Ridging coated
1 b5 = Ak B
Seepage control layer
m A BN+ DB R A B

Ridging laminating impermeable layer process

FERBR T SMU P REZE 285 20 em ZEK 300 om, BT HIY . A5/ NEFREFTY)
WES em KESAELZEG L, EEREES om, HEE N 2.5 kg - m_z;%ﬁ]{)ﬁmi%
FF, THEFFZ BB 0.015 mm JCIE IR AR, 1 1 550 80 A £

A ridge was formed around the outside of the trunk of the tree, with a ridge height of 20
cm and a ridge length of 300 cm. The ridge surface was arched. The wheat straw was
chopped to a length of 5 cm and covered on a ridge, with a thickness of 5 ¢m and a cov-
ering amount of 2.5 kg + m™2. After laying, compacted the straw, covered the straw with
0.015mm colorless transparent polyethylene plastic film, and buried the edge of the film
in the soil

TEREAM 150 om AL EIHIXT PIRHZ R X FEX % 100 emx50 emx 50 em SLAl, 4%
BT S om SR E 7550, B S om SRR 2055 475 SRR BB )2 9]
Iz

Dug 100 emx50 ¢emX50 cm pits 150 ¢m away from the tree on opposite sides, leveled
the bottom, laid the bottom with 5 em thick soil, and then laid 5 ¢m thick sieved red
clay. Return all soil

BJ5 15 J2 Ak BRI Ak 2 7 A B 5 S R A 1

Combination of impervious layer treatment and ridged film treatment
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BIZHIE T RZETIEH AL, FIE 50~80 ecm 1)2
+IEE K B A, 100 ~ 300 cm + 240 HE T A1 X} IR
(CK) 3 Sk A X A , HAF 200~300 cm 1
2NN, A BTN I S8 s 2, X 2 i
BiB 2L T /K H T3, Big 2 T K s %
D T AR A WK P IE sh 3 I T 100 ~ 200 em -
JZE KR, AT I AR (CK) 44K
SEEEAA T E R 2 b8 T A% R (CK)
M K AEAE 30 ~40 em + 2 AL, 4351 K 25.63% |
25.99% .23.20% , AL 3 11 () KAEAE 0~ 10 em )2
Ib, R 26.40%, KbEET I I ACK R (CK) 35
7K B fe /MBS B AR AR AR, X R (CK) A B d5e /)
{EFE 140~150 cm )24k, 4 20.20% 408 T (T AY
+ 3 A K R /IMETE 250 ~ 260 cm +JZ AL, 5 A
21.57%F1 21.56% Kb 11 i #5e/IMEAE 50~60 em +
JZAE A 20.54% ,

22 2 Y AREALFE 0~300 em + 20 T35
KT ZHEAT 0T AL PR A TTAE 0~40 em )2 4
B2 8 K A3 ) HE A R (CK) 55 7.37% .6.51% FlI

291

—o— ] —=— ] —o—IlI ——CK

N [SS] 8]
%) w -

4 7K & Soil water content/%

Lk
S

0 500 100 150 200 250 300

+ 2 % & Soil depth/cm
Bl ¥REMARSEKESEEIEKSSEEESH
Fig.1 Vertical distribution of soil moisture content in apple

orchards under different treatments
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12.04% , AR RAKBH BRI 3E i T LR 25
K, AL BT 3 it 3k ) 3 OK 75 4038 T A I AE
40~100 em )2 V345 7K i 43 1) B BE(CK)
15 7.90% A1 10.21% AEFE T H 61 T0.40% , 55 R A
WA T I AAE 100~200 cm + 2 Y 35 F
18 K B 4 ) e 6 IR (CK) 75 7.99% . 9. 03% il
12.27% A0 3R 11 (%) - 58724 5 K i L 23
FAbFE T A1 IAE 200 ~ 300 em [+ 37 24 K &
A3 FE X IR (CK) 75 3.27% F13.74% A0 3 1T o IR
(CK) FEAIK T 1.43% , )2 3K 43 A8 A0 e B 4570
AbEE T FIXTRE(CK) AH EE , B2 2 B] 3872 7 K
B 38 i AR — 20, A BRI AE 40~ 100 em +J2A —
REARG, L Ath Ak BAR X — 35, Ab BT 43 )2 2 1] + 46
B8 /K n g iR AR ALK 7E 0~ 40 em Fl1 100 ~ 200
em - JZ MR BT
22 AEHEKEHELIEEKEST

2017—2018 4FFF7K K 560.4 mm,2018—2019
AEREAK R 577.4 mm, B FOKAE, B 2 A A4
FH 2017—2018 4F 0~ 300 cm 1 )2 T A% K & F1 H
R £ AR b, il 7K 5 5 R RN Y AR A R AR —
B, FHEAEK AR XS TR I AR AR — e WA, R
FER 28 ) 1+ HERZ 8%, AN FALE RSBtk
14 . CK(636.778 mm) <I[(676.200 mm) <I(681.030
mm ) <I[(696.188 mm ) ,ALFET TR = T 0~300 cm
+ 200 3K, BRI =, 5 T 9.33%,

®2 BELBERRIEIEETHEKE %
Table 2 Average annual soil water content of different

soil layers under different treatments

+J2 Soil layer/cm I Il Il| CK

0~40 24.34 24.15 25.40 22.67
40~100 22.81 21.22 23.30 21.14
100~200 22.10 22.33 22.98 20.47

200~ 300 22.07 21.06 22.17 21.37

-3 Average 22.75 22.08 23.37 21.32

—250
—0—1 —a1l —— CK

— — ]
(=) wn (=)
(=] (=} (=]
[% i & Rainfall/mm

%3
o

o

M

1
2017

345678‘)101112|1

0.1
2

H 4> Month

B2 ¥ERE2017—2018 FAKNERAFELIE 0~300 cm TETIEMKE
Fig.2 Monthly rainfall of apple orchards from 2017 to 2018 and 0~300 c¢m soil storage water under different treatments
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I 4.56 £%.2.30 75411 3.46 £5, 100~200 cm + 2
BT IR AN E 2 BRE, & A B ) R 2
KB T AR (CK) (5 0~300 em +)2

2500
5 ol mI (=8}
=& 2000
==
: 8
23 1500
B =
il
& 2 1000
®E
¥ 5
gg 500

Z |.< .|

0 CL .

ECK _I_

SA BB ENZEFALE 0 5h 42.70% 46.69%
F145.93% 4EFETL 5 0~300 em 2SR Z2FHE
1Y 25.86% , LB ARG, =2 RFUZTE 200 ~
300 em, AR AY 55.77% , H g AR HE 200~ 300 cm +
ERREAR BFE L 100 ~200 cm )2 A B b,
AR 2 AN B
2.5 AEAETEZESRIES R
AN[RVEE K B 15 46 it - 498 e 28 R0 7% 1 ¥ T 40 A

FRAEUNE 5 frs . ASEALEE 0~300 em )25 A
B &R 1 (4.725 mg - kg™') <11 (4.835 mg
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kg™ o ARFET LA I B0 B 2 AR 2 43 ) e o
MEK22.51% . 20.46% F1 20.72% AL B T 11 0 1 f4
SR AR AME T XHIR (CK) |, AN [ESEK BT B 1 it A
MBI T P ESA SR, DEESA TR
Bl 2R AR A I AN B I AR R 3 5 40 A
ALER T ATIAE 0~ 100 em + 2RISR & &M T4k
L ULHART & 28 T 8 AR, #F R
Wk 14.48% F1 20.35%, 100 ~300 em + )2 5% 24
R BEAFg IR (CK) & T HEARE,

2501

—O0—] —2—] —o—II ——CK

200

1501

25 5 & B/ (mg - ke ')
The content of nitrate nitrogen

0 50 100 150 200 250 300
b JZ ¥ £ Soil depth/cm

B3 ¥REMAREKESHEETIEFHSEIEI TSR
Fig.3  Soil profile distribution of nitrate N content in apple

orchards under different treatments
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Fig.4  Soil nitrate accumulation in apple orchards under different treatments
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The content of ammonium nitrogen
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Fig.5 Profile distribution of ammonium N content in apple
orchards under different treatments
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R BRI EE MG B )2 LB 0~40 em )2
TSR E I NG B B2 E T H 20 ~30 em
HEER N IRRE, RBE T
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kg - hm™, ACZEF AL EE A T B8 2 40 B A e 22
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R, i 28 Ak B A5 ok W 5, DR 7 T 28
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IKAMZ B TIRE B N TR 3 240 2 AR
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B 3 A R R B, R AE T AN T BB 2 T
IKAFBITE B FB , IIs/D T 3 A S A R IR 2
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)2 PISE R AR R E R R R A068.23% 7,
P2 BRGNS ZUE 25 5 BORBAR R, A5 4
FAFRSE I, Dmiss 7 R i A R 40 ~
200 em )2 AN A A I 2 R A R 2 - R B
DR IR RS A R, B 2B T N By 18 2 Ak 2R
FE N T B8 2 A B REICAE MK, W K 4 7K A
B 2 S A S B AL, FE AR B
AHEG, £ A0 BRI eSS AU Y BRI B 3 PR AIG, (2
ZRUEHIE TS T 40~60 cm, JFNTE T BB )20
BTKRZ T B A ZARRE K s3Ik 1 5
AR A A K 2 R B R EE A R, PR R
RIS RIRZ BRI B3 PR
2B AL IE N T i Z A B B Iy 5 )2
AR SR S AR 200~300 em HEZERALE
AU, RS AR Z BEUE W
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3 AN ] 1) A 7K BE 5 it Ak B0 B R AR B 4
JER R i 1 AR 52, 43 A7 1 R 28 B A B N T B
B 2R N BB 2 AL BERE P R £
Bk Ay BASA HA ARG, A LT 458

()R ZEBA (1) BFi3)240B (D) Fiik
ZERIIEINB 2 E AL B (I BIRERS i 0~300 em +)Z2
ISR SR R R AN (T ) @i
B R AR, 18 0~ 200 em )2 385 7K & 1y 5 4
TN 7.73% ; BB 240 H (D) @bk 4y 8,43 0
~40 em 2 + 5 E K I IR BT, B m T
7.37% R IR J2 - HERE T s SR A 2 5 e 2B 3 IS Bl
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