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Variation characteristics of the deep soil water and nitrogen in orchards in Weibei

dry plateau after replanting food crops
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Abstract . Since the implementation of the Loess Plateau Returning Forestry ( Grass) Project in late 1990s, long-term apple
planting has led to the universal soil dry layer and a large amount of nitrate nitrogen accumulation, which has seriously
restricted the sustainable development of agricultural and regional economy. Therefore, clarifying the effects of apple
orchards of different ages converted to food crops on the recovery of deep soil dry layer (soil moisture change) , soil nitrate

nitrogen accumulation and transport is crucial to the improvement of soil quality and sustainable agricultural development on
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the Loess Plateau. Weibei dry plateau was used as the study area, and apple orchards of 10, 15, 20 and 30 years old and
apple orchards of the same age converted to food crops of 2, 5 and 6 years old were selected for the study. A comparative
analysis of the differences in soil water content, soil water storage and nitrate-N content between 0—10 m profiles of each
site was used to quantitatively assess the effect of conversion of apple orchards to food crops on deep soil water and N based
on a space-for-time approach. The results showed that (1) soil moisture recovered rapidly after conversion to food crops from
apple orchards of different stand ages, reaching a depth of around 7.0 m within 2 years. (2) The direct effect of soil water
storage after conversion on the accumulation of soil nitrate after conversion was the most important. The conversion of apple
orchards of different ages to food crops resulted in varying degrees of nitrate-nitrogen leaching from the soil profile with the
recovery of soil moisture. The age of the apple orchard before conversion played a dominant role in the accumulation of
nitrate nitrogen in the soil after conversion. The older the stand before conversion, the greater the accumulation of nitrate
nitrogen and the shallower the depth of leaching after conversion. (3) Soil leaching of the accumulated nitrate nitrogen
lagged behind the downward movement of soil moisture. Above all, soil moisture recovered rapidly after the conversion from
different age apple orchards to food crops, which accelerated the leaching of nitrate-N, while the downward movement of soil
moisture and nitrate-N did not coincide. A combination of soil moisture restoration and loss of soil quality due to rapid
leaching of nitrate nitrogen needs to be considered when carrying out conversions.This study has far-reaching implications for

rational optimisation of land use structure and improvement of soil quality.

Key Words: Weibei arid plateau; land use change; soil moisture; soil nitrate nitrogen
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813 mm, e ARAENY g 369 mm , [FIKAE NPT 7T—9 H ok & 5 B 4E MR 57% A4, TR F 3R
miit B EA PR T 22 Wt RIS H R, FLBR R 50% A 47 il E R A, 2R, T LU
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Table 1 Details of sampling sites in the study

B Bt l(B7ES I ] 2R E51):8 K

Sample Site Sample area Crop types Planting time Longitude Latitude Altitude/m

K pi3ii 5P/ 30 4EL I 107°4043" 35°1420" 1210
€10-2 R EAK 10 AR ERN 2 4E Rk 107°41°09" 35°13°59" 1218
C10-6 10 4 SR R 6 4F oK 107°4101" 35°14°12" 1216
Cl15-2 15 AF SR R 2 4R oK 107°4103" 35°1406" 1215
€20-5 20 ARRE RN 5 4E E K 107°4109" 35°14°11" 1217
€20-6 20 ARSI RN 6 4F K 107°4117" 35°1406" 1215
€30-2 30 AR RN 2 4E Rk 107°4132" 35°1414" 1216
€30-6 30 ARSI RN 6 4F F oK 107°4113" 35°1417" 1215
A10 R 10 4F 107°41°06" 35°1403" 1217
Al5 15 4 107°41°14" 35°1419" 1215
A20 20 4F 107°41°01" 35°1423" 1216
A30 30 4f 107°4147" 35°14°53" 1219
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Fig.2 Changes in soil moisture before and after replanting
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WEED G 3—10 m + 3K 5 RRUKIE 54535128 273.33 ,203.93 mm F 158.17 mm, %45 3K WYl 2 5 bl F b
AERR ISR FERCF IR B 2 a J5 1) L 3EK 53 RBVK & B ek /D, e e PR B8 1EW 6 a JRITF L &
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Table 2 Soil Moisture Recovery Changes
3—10 m B2 0—10 m 1

. H IR E B 3—10 m 2 5 RS E BK L
PRI e .J;JfﬁV)?E R Wi m R Sk R 'ﬁ'g’fﬁﬁ s T ISTEA
Soil moisture recovery X 3—10 m K Ratio of stable moisture content to
Land use pattern 3—10 m Cumulative Mean soil water .
depth/m . Cumulant/mm that of perennial cropland
recovery capacity/ mm content/ %
C10-2 8.6 273.33 1888.81 20.12 0.95
C10-6 8.0 251.11 1866.59 19.65 0.93
C15-2 8.4 203.93 1474.79 16.03 0.76
C20-5 7.0 137.92 1532.61 16.87 0.79
C20-6 8.4 243.41 1638.09 18.04 0.85
C30-2 8.0 158.17 1391.15 15.47 0.73
C30-6 7.4 236.06 1469.04 16.69 0.79

2.2 ERFEMAR EEY) G SR A A AR L RE

FH & 3 AT, 10,15.,20 30 a 75 bl A9 - 3 28 A R AR5 567 T 0—2.0—4 .0—5 m Fl 0—5 m Ay -1
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5m Al 1—5 m B LHEVREE ;20 a 130 a SERPAMFAREAED) 6 a J5 BFERE 1K 53 5B E T 4—8 m
1 3—6 m;20 a SERFEHUAAREEY) 5 a J5 RFEUWERE + KM EBE T 2—6 m, FrHlE HIEMARAE 10 a
SERFASR 6 a AEAVEY IS I 2 AR . BFFEAS SR WIS [RD AR S 2R Bl el ROk 2 VR ) )5
AFAE g ER s R A TIRE IS, H AR MO 8 e PO B R G RIS A R T &
MRS ARAER R B R T N SR RBUERGET R 2 | m H2 LN WRIE, i 3& 3 nlFiE T 95% 1 i
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Fig.3 Changes of soil nitrate nitrogen content before and after replanting
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BEMT 1 m BT, MEYIESFRAMERE , ERTCEFA 1 m 2ELUFMESE, DAk,

W 3 Frzn,10.15.20.30 a 3 5HFE 5] i 0—10 m R JE B A58 S8 91k 3355.65.7713.06 .
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0—10 m W RS A 284050 3080.56 .5344.80 kg/hm® 1 9263.05 kg/hm?;20 a F1 30 a 3% 5 bl Pt Ff b
BAEY) 2 a J5 BHERTE 0—10 m FEMAESZ BBUE 18 7159.04 keg/hm® 1 9905.70 kg/hm? ; F#51 19 /2 20
a SERTE AR EAEY) 5 a J5 RHERITH 0—10 m IR AYAES A RAE N 11452.86 kg/hm® | iX J2&: T i b Fp
A SR B 3 et A 3 ) IR RIS R T SR R el 1% e A S S b B b A A R R AR AU
AR AR SR FE 2R 5 0—10 m P - 58625 2 B8 H B35 I REAIR (P<0.05) % b 1) i 25 S0 38 0 £
KN R BEFNGE B (e ELFE B ) 25 SR, 1 - A9 e R SR A A S SR AR AT PR B 1 M R RO VR )
SRR AR RO B BR TR , T BRI AR ) S AR AT FRBS ) b B ORI R A 5 SRR A 2 R vk 3
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Table 3 Cumulative amount and proportion of nitrate nitrogen in each soil layer before and after replanting

0—2m 2—4m 4—6m 6—8 m 8—10 m 0—10 m
AT A R FpE FpE R P FpE

Land use pattern Cumulant / % Cumulant / % Cumulant / % Cumulant / % Cumulant / % Cumulant/
(ke/hm?) (ke/hm?) (ke/hm?) (ke/hm?) (ke/hm?) (ke/hm?)

A10 2140.43 64 911.78 27 171.40 5 66.31 2 65.74 2 3355.65
C10-2 144.36 5 177.57 6 1950.54 63 758.33 24 49.76 2 3080.56
AlS 3856.94 50 3033.48 39 697.96 9 53.37 1 71.30 1 7713.06
C15-2 415.74 8 3122.22 59 1706.46 31 53.19 1 47.20 1 5344.80
A20 4623.83 50 4155.37 44 371.91 4 116.18 1 79.14 1 9346.43
€20-5 166.57 1 4371.19 41 6014.85 56 145.98 1 64.08 1 10762.67
€20-6 361.15 5 562.20 8 3368.96 47 2751.51 38 115.22 2 7159.04
A30 3777.64 33 6434.38 56 1024.66 9 120.25 1 95.93 1 11452.86
C30-2 728.15 8 6921.65 75 1375.91 15 92.48 1 144.86 1 9263.05
€30-6 167.81 2 4575.12 46 4985.83 50 67.39 1 109.55 1 9905.70

2.3 SERFE SRR EIEY) R SR ECR
ABIFEAE PS5 T RE AR S BT 17 Bl i 39 Rl AL A FIR | e J MR VW AR AT FIR LA B - SR B X
TEOh i - e A R R B A B R , LL K iy 2RO AT A A S R AR | ORI A S K RO R

SRR EI AR (ro= -0.128) , 5 EHL A A B, (BAEAREAL SO0 1 3 B v A G
KZ G HASEWA R OG5 R A5 R — B, SO A2 2R bl AP A7 BR -5 2AoRh 5 b A A R R AR S B IE AR SE (ro
= 0.204) , SO R AR FAEAR FR LSR5 e K B0 4 S 5 i s LA A S R AR S B IR AR G
FKZ (ra= 0.075) 3% F W oM i SR b Mk 47 FROG T Bl i b S 25 S0 SR B D e VA T ool i ol A
R/ E AR FRS Tf J iF 25 SR SRR R R B 1

FEAR AT, RS T Rb S A A R R B A T AN (ro= -0.156) i1 T IR
Rz S T EEAR SO 5 L A K T R S S S R R B Y B I A B (ro= 0.137,P<
0.001) ,

B T AN S R R LUK O AR ISR 4 B K MR TREE N 7.0—9.0 m, IR W B i 25 i
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REE KB B8 1H 43 T 2 8.6 8.4 m 1 8.0 m;20 a F1 30 a SEREE AP 6 a BEVEY G A A 2FHIE
SAER EST.8 m MI>6.0 m PRI /KT E & HIEH E 8.4 m Ml 7.4 m;20 a R SF 5 a EEAE
WG, MEARBIETEES6.5 m WIRE, M/KSEHERTEEE 7.0 m, LROF5ERHA LA HELE £
e ZRUHAS R TR B2 shid 18 T H UK R EE sl i, I, 3 RS AR S T
KA R iz g,

kil (.25%%:* 0.26%%*
e SR
N 0.33***
o
e,
Rl T L Yokt )5 T 047 | s H-3emy
mﬁﬁﬁ; " ki AEHBEBR
Q"\é \?@**
il -0.01
Pl LG R

B4 HMEIEMSARRELENTEER
Fig.4 Structural equation model for soil nitrate nitrogen accumulation after replanting
SEM : Z5 44 7 B8 Structural equation model ; CMIN ; R J7{l Chi-square ; GFI: & HBEHE %L Goodness of fit index; RMSEA ; T {15 2% #4 5
Root mean square error of approximation,, 0\ IR AR fel R AR B\ DORR 5 ML B /E FIAB AR IR | 38R BE S BRI /S L fid /K it SR
T Z A AR AR (CMIN = 32.736, GF1=0.975, RMSEA = 0.075, P =0.001) , 5 i Sk A AR A9 B AU RARMEAL B AR R AL ( » # = P<0.001,
* # P<0.01, * P<0.05)

R4 UHRLIBEADHERERHSEMRRRE

Table 4 Depth of soil moisture recovery and nitrate leaching depth after replanting

. TR IRE R BFAS R R . T RIK IR R THS EM I TR E
A PORGHRSLIRI - WSSOI gyt PORIIOLIRIL AR R
Soil moisture Depth of nitrate Soil moisture Depth of nitrate
Land use pattern . Land use pattern .
recovery depth/m leaching/m recovery depth/m leaching/m
C10-2 8.6 >7.0 C20-6 8.4 >7.8
C15-2 8.4 >5.5 C30-2 8.0 >5.0
C20-5 7.0 >6.5 C30-6 7.4 >6.0

3 i

3.1 AR SR b Ao B K 2 R A

ORJZ LKA BN TAE S RGUK G R A A T 505 45 22 i 8, SRR bl A poi A e
TR K Ay S A1 AR O B S8R B2 = . A IS8 i B SR A, 70 A 2 B AN [ R S SR B e 2
Ja , R REK RIS IR, I H 2B 8 A SRS TR 8 BB K 2 1) A BR M i 3sg n,  R S2 39 1 i
PAE, K5 T DGREIRE 3 7 m A4 TR X — 2518 ok i A R ST 45 R — B (HUR AL T 5T 4R v e
T B IR e KRS B K M T RAT TR IR =5 100 SR, R L R s SR b | 255 5 R
Pl AR AR R A 1 LB 2598, EAh I X R B G (4 S PR — 77 T vl RE -5 A R o A S, 1 il DX 7S AF 1 I T
i W R T DX ) - PR T, ELAE AR AR A R B 20, 55— T AT RS R K A 807 3 0A 56 AR A
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B AR S0 B 5T R B A e TG FE TS L M BRI AN T =X, DR JE T B AR 4 24y RN 1Y 49.
38% ML AC T AMA S A TS BN R TR ; BT Hh A S T PT RE -5 3SR AR R T AR AL, i3 T R A
BYEREA OGRS R BN SER AR A & LB LA IR R S UkS B 7E 4P, Angers il Caron
(1998) P HFFT N 1 M 28 1 it HL RS2 A RN K I AR 2R AL SR B S A | i BT AR 25 2 2 AR FL BSUn a8 7k 1)
18 S HRRIE L SEIE RS 1 AR, FEAR 2R LU IR AR 22 50 I R TS T I

TF 2 v PR 5 3000 0 T 4 L S A /K R G B I, FEIK . 2 a 2, SRR K IR R 3G R B R B Tt S R
K, X —4518 55K, Li 5P I 45 S — 0, it TR I A [ A AR (4 A e i 2 S R ] ol e A4
BRIIE K FECRIOR AR 2 a J5 1) £ 3K 2 BRI S /L, W2 eR AR B 7R 6 a J 1 R 1K 5 B
WERIT TR EZES . XA TR W R AR BRI K, 3T b B R B 5 el i b A £ pef 3
RIS K A 22 5 Y A R K X K S AR By g 5, R HE K WU A A S s
Ak, HAE AL Rk H A P R I SR AN e R 2 K BT TS R B | VR )2 90K AR YR A k4
FE DRI, 8Ky B TIKE A 22 5 T RE A T SR B AR A T S K R A 22 5

TR AP T 4 R oK EER A 0—3 m B A KAy, SARBF AT S5 AR TR, B AR Ao
WK, P 0—3 m TR B KM, 3—10 m R Y 387K 43 B 25 S5O R E] 0 288 KB R A, (HR
[ AR 114 32 SR el K o W 2 28 2 AP AR bR 5 /K AR BRANIA]
3.2 AR SRR S EY G AR IE B MOK A X R

THAC R X 22 2P 2 T IR, BERT AR N 40 A AN BN 288 e 7—9 H 0, SRR SR LK [m] s ki 3 SR
P AR B, R SR AR, X B3 T IR A AU R S B KR, B RGAE 4R 10 a SERFERAA
e S ACHAT L , AT 0.4—69.4 mg/kg, WE(E HELAE 0.8—5.2 m;20 a 3 H[E] - He i) m i S 2 R EAN T
0.8—384.2 mg/kg, WE(HVRBEHIAE 2 m LUF . PRI, 2245 Pl S SR SRR St A 25 0K 2 0] 1l T 7 T 3 o
JEE R AT X Y M AR SR e S ORI AR S, A S (1B (8] B84 R 0 4 b R R AR b )
B SR MIE L, Perego 2> ST & IR, fiti 25 U1 WA R RN /K A /E R Vi 28 s i v 1) N RS 3,
SRS R —3, AW AR I IR LM, B P RN 2, AS [RDRRIE S 5 el R AR B VR S5 5 T 4 4
BT S R AR SR A A A UK AR R Hh - RS ARAAE 10 a SRR 6 a AR E VR B MR
o IR AN S R, T RS T OOMOREVEY) 2 a J5 HIK 00 © 2B WK 5 T 453 AR R M e o 3
Bk, M R HE R ) NO,-N 21— B9 - R R st L 43 i T L b, BRI NO,-N F2 22 LA i (T 28
FEAET IR | [T 05 5 6 2RO A7, S s S AR L e sk ok, S 20 T 2 AR
WA, AR M (SO A — I A UV {1 T L 2 S SR A B A K S B T b, R R IR
JE BRI TR EM B ARZ 5 RS R U5 i A AUAE L SR W v ) 3 B AR RE RN, IR
B EHOKMESIARE 42—, Zhang ™ BIBFSE RS F ARG T LK B 10 Fig 3h, SAM 5T 45
R 30 7E B UK i R v 3 BRSNS 5 T Kb

R 5 0 A 2 I ST e T, R SR AR el 14 A5 R R Wk g A b L s S AR el 7 - S i K o
FARLIED | el IR SE B 238 ) R HOK R A RGE s 3R, (H R 1 50K A 6 A S A Rz o
AR DR e AP S SRR 1 A ST A S B T R S U BE K R 3B A0 AT B2, A [ R i) S
SR S s AL T 7K R RS Y A T D R R KOS A TR R R R AN R B ST R e AR AR A
Yy, S5 S K BT, MR AR R RN R B 2 BN, AR o 3 A e R A S R R K SRR
Hi 0—10 m N HERHZS A B R B0 A RRAIC, 258 DRI & X m] RS2 R R & VE WG R P FE T La
ANZE AL B A E D A K T I A T2 S A B B R, ) — i R K B Tk
Tl A AR L e T B R B LA B R A KB B0 SO A AR S R T e A A A A R4k,
FHEP R Y SR A AR, T Z s AR AT A R MK BIRNA 18 R RS ), ] B & 8Ok
R RS U A T K X M T KK B ™ S A R, Y g AR G K Bk A MR OK, K BRI A
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b8 B 0L EY NG SR T3 = 97, W N ) AL

4 Zig

TBAE IR b T AR AR R AR G2 it 1 3T RRAL AR AR ISP SR Bl e AR ) 2 a I L3380k 7y

HIKIEZE 7.0 m ZEATREE  TEORN G 2—6 a A BE N AN TR BE TR R, H 3.0—7.0 m AR 1S
7J<§?$Z<%ﬁit< AR A K R TR R AN A S R B Y A e 2 B K ) 12
PRI 3l 1 M T b SRR AS R A G SR TR RS TP A R R N A B ORI AR SR
SEAR—E AT — 8 T S P O PR iR A RO T OBl S 2 R R B R TR E VA I, B A
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