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Effects of different fertilizer treatments combined with green manure intercropping on water and thermal
properties and nitrate accumulation in soils of apple orchard

WEN Mei—juan'?, ZHENG wei'?, ZHAO Zhi—yuan'?, WANG gui'?, ZHAI Bing—nian'?’, WANG Zhao—hui'?

(1.College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China;2.Key Laboratory of Plant Nutrition
and Agricultural Environment of Northwest of Ministry of Agriculture; Yangling 712100, China)

Abstract : Soil water and nutrients are two major factors limiting apple production in the Loess Plateau region in China. A 3—year field ex—

periment was conducted from 2012—2015 in Tian Jia Wa village, Baishui county, Shaanxi Province, to evaluate the effects of different fertil—
izer treatments combined with green manure intercropping on soil water and thermal properties and nitrate accumulation in apple orchards.

There were three treatments : Farmer management pattern( FM )—nitrogen, phosphorus and potassium fertilizers only(NPK ); Extension man—
agement pattern (EM )—NPK fertilizers combined with swine manure (NPKM ) and polyethylene black plastic film mulch (beside the tree

trunks ); Optimized management pattern( OM )—NPKM, polyethylene black plastic film mulch (beside the tree trunks) and rape intercrop—

ping. Results showed that soil water storage in OM treatment was 14.6% and 6.1% higher than that in FM and EM, respectively. OM alleviat—

ed the temporal fluctuation of soil moisture in 0~60 cm soil depth and enhance the temporal stability of soil moisture in the layer, and ef—
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fectively mitigated the soil desiccation in 140~300 cm soil depth. Additionally, OM also decreased the vertical variation of soil moisture in

the soil profile and improved the stability of the vertical soil moisture distribution, as compared with FM and EM. In OM treatments, apple

yields was increased by 20.1% and 33.6% , respectively, compared with EM and FM. The water use efficiency was highest in OM, and was

42.6% and 28.9% higher than in FM and EM . However, OM reduced the highest soil temperature, buffered different—time temperature vari—

ability, increased soil thermal capacity, as compared with EM and FM. Nevertheless, OM increased NO;—N content in 0~120 c¢m soil depth
by 342.3 kg*hm™ and 178.4 kg-hm™ ,but decreased NO;—N accumulation in 120~300 cm soil profile by 556.5 kg+hm™ and 30.0 kg-hm™,

in comparison with FM and EM, respectively. Therefore, OM significantly improved the thermal conditions of soil, reduced the nitrate accu—

mulation in deep soil, and is the best orchard management pattern for alleviating water and temperature stresses, improving the ecological

environment of apple orchards and enhancing apple yields in dry land apple orchards.

Keywords: apple; manure; dual mulching; soil water; temperature; nitrate accumulation
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1.1 X3t

RIRTF 2012 4 10 A % 2015 4F 10 A 7ERE TG4
FIK B R R T m s b i 7, 1% b X b b e
PEAA T AL 205 (109°16/~109°45'E, 35°4' ~35°27'N ), 4F
KIREm i 570 mm, HAETE 7—9 H &K 5 T80
L AR 11.4 °C, JCFEIA 207 d ZeA o IR R i
2001 m?, S el H 4P 30, ToHE R A5 1, H 3N B4R
4, At S A BT 0~20 em + EAHLT
1291 g-kg™, 2% 0.65 g kg™, i & 18.10 mg kg™,
PERHE 35.56 mg-kg™, AT 115 mg-kg™;20~40 cm
TEENR 7.12 g kg, 2 0.46 g-kg!, A A 34.34
mg kg™, A 6.81 mg-ke™, HALER 49.22 mg ke,
1.2 Rgr

HERSE R K S, EE R, AR
M26, Ry 12 4ERARE , RATEE 3 mx4 m, SIEL 0 B
HZERIE . SRNEAEYI R /IR
1.3 i{5&i&it

BT 2012 4R RSCRIE A, HLBCE R R
KX (M) A (EM) R EC(OM) =/~ 4b B,
FpAb PR 3 E A, B E AL 20 MR, B 40 B 60
B, TR 667 m? o PR BRI 83 R G R, 4 SR A1y
[P/ N 2R , I T SR Bl o it FH TS HILIE A bR
F (N 46% ) Wiz 5 (P05 18% ,N 46% ) Filfifi ik 4
(K20 50% ), AT HILIE A A2 (AT HLE 32.50%, N 6.01 g+
kg™, P,054.02 g-kg !, K0 4.41 g-kg™) ., HARJGENE )7 %
W1,
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Tablel Experimental design of optimized water and fertilizer management in apple orchard

AbFE Treatment

FLAE 5B R Basal and topdressing fertilizer

P T3 Cover management

A FHEEEFM
80 kg'hm'2 P,0s+60 kg'hm'2 KO, HiZEHAE e

AHLIE O kg-hm'zo FEHE 300 kg-hm'2 N+160 kg'hm'2 P,0s+120 kg'hm'2 K,0; iBJAE 150 kg‘hm'2 N+

TG

Orchard without cover

Organic manure 0 kg+hm™ N, P and K were applied at 300 kg-hm™ N+160 kg+hm™ P,0s+ 120 kg -
hm™ K0 as basal fertilizer;another 150 kg+-hm™ N+80 kg+hm™ P,05+60 kg+hm™ K,0 was applied as

germination fertilizer

AT EM
N+60 kg+hm? P,05+90 kg-hm™ K0, JEZRENE

FHHLIE 22 500 kg-hm?, FEAE 200 kg-hm™ N+120 kg-hm™ P,0s+180 kg+hm™ K03 1BHE 100 kg-hm™

LR L, A AT B

Trees covered with black film

Organic manure 22 500 kg-hm™ N, P and K were applied at 200 kg-hm™? N+120 kg-hm™ P,0s+180 No covering in inter—rows
kg+hm™ K0 as basal fertilizer;another 100 kg-hm™ N+60 kg+-hm™ P,05+90 kg-hm™ K,0 was applied

as swelling fruit fertilizer

LAt oM

HHLUIE 45 000 kg+hm?, JEAC 150 kg-hm™ N+ 90 kg-hm? P,0s+135 kg-hm? K0 JEE 150 kg-hm? W7 AR 1T &R
N+90 kg+hm™ P,Os+135 kg+hm™ K0, B EHIHE AT

/N

Organic manure 45 000 kg-hm™ N, P and K were applied at 150 kg-hm? N+90 kg-hm™ P,0s+135 kg+ Tree covered with black film

hm™ K,O as basal fertilizer;another 150 kg+-hm™ N+ 90 kg-hm™ P,0s+135 kg+hm™ K,O was applied as

early swelling fruit fertilizer

little rapes
planted in inter—row

T FM R P B EM O BT B OM . FIFf.

Note: FM—Farmers mode; EM—Existing mode; OM—Optimized mode. The same below.
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4K (mm )= RIS K (% ) x TS
H (grem™)x 1 JZJEE (em)x0.1
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PR 1 h g, AA3(Auto Analyzer 3) 2L
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13 NO;-N HEf i (kg-hm?)=1)2JE & (em)x
TR T (g em™)x 1 NO;-N & & (mg-kg™)/10
1.5 HiEAE

256 B0 % i Microsoft Excel 2007 #11 DPS 7.05
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FM: Farmers mode; EM: Existing mode; OM: Optimized mode. The same below
| REEHEXEYIERRELE 0~200 cm +E HEMKEHEHETE

Figure 1 Variation of soil water storage in different treatments at different growth stages

35 7K Soil moisture/%
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(b) AR

Fruit-swelling
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Fruit-maturing

period

E 2 AEAGBEREESRE 0~300 cm HIES/KEFEHTWL

Figure 2 Vertical variation of soil moisture content at 0~300 cm depth in orchard under different treatments
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T2, K R IS RS 3 in i e LA
X B KE R, AR P BC BA B 0 1 hn
29.3% 14.2%., 220~300 cm 12, &b FEA] 22 7R
W AR FORRERRE o TR BN TIR) K 2 ARk AT
PIE 4k 0~60 em £ )27 ALAbAR K (20.98% ) >3
AR (19.67% ) >4 P (16.75% ), LA AE A S B
AR RA W AT 2 s TR P R
A B, e P B B4 BN 15.7% |
8.2%.

TERSEIA (10 F),0~80 em 12 -2 8k 43
g PR (22.52% ) >IRA 1 (21.41% ) > P Ab A X
(20.80% ),80~200 cm - 254~ Ab B 5 /K 2 FEA (R E
Fae s LA =P 38 5 7K i i R (23.26% ), Beqk
R B AR e 0 8.9% .2.5% , 200~300 c¢m
T RS AR S K ARG HE (K 20) HHRRAT
K G LAE H, =N EEAE 0~60 em + 273
TKE RN (21.15% ) <F710] (21.52% ) , £F 60~
300 em -+ JZFI R (21.48% )>1710]) (21.01%)

ANFEE AL RS KB G T aBrds R
W 2 fron . =AY 318 5K
(0~300 cm + )23 V-3 ¥y TR P, K4
A2 5 RE(CV )/ NTR PR BRI
K TR AR S EUA R, CV o 4.45%; 1%
RIS oK R R FE S, ek oV i
Ny A AR S 5 K B 3 = T A B S A
W, CV /R 5.81%. AT UL, A e AT R i
- HERNRIK 43 5, /N T 7K A3 B 2 Sk PRI AR
R T P A S B R
2.3 AREKIEEEEK 3T R 7K 5 F AR

2013 4.2014 4F0 2015 4E 5 AL B 1A R 03

A 402,448 352 mm. A [A] it B 5 7 55 R b X
2013—2015 4FEHA™ it 5K 4R FHZ A 5200 02 3,

2014 47 1 7= e e e , 2013 4F 77 i e fi, 2015 4
ST AR o AR i s 1 R AR 3¢
g PR A R4 BB R 33.6%% 20.1% . AN
PR R KR DL 2014 4o s, A
AEFRAET 2013 4E 43 FIHE 5 131% (R P =) \74% (3]
AR 1 68%(HAbEE ), 2015 4245 2014 445 Fir
TR, HET 2013 4EMK R R, = AR
2013 443 5l 14 i 28.9% (4% F AR ) (5.1% (B8 A #6
) F120.1% (LA AR = A F- 247K 53]
AR, e Pl . B o B4R 42.6% |
28.9%,
24 AAMIBEESHEETXEMEHIEREN
B

AEE T 5~25 em 2 IFAEIA SR 10 %
B A L RS IR A H AR AP 3 TR o FEFEAE
W A P (15.7 °C) Y H TR T BA AR (17.2
C) SR (16.9 C) (AL 22 7 A 2 . Ffik
MR IAE R R 8:00, BA AR m TR PR, i
ol BUAE 14.00, 50 HE 2 R R . AR
KT H AR 5 REOR K (13.6% ), RAE AR 5 R
Bdse/N11.5% ) FE AR F K PR AR S 145k, 6 % T+
15, 2)z RGN, AR, AT 13
KRR , Wi/ N 5~25 em +)2 H IEFI N
AR (253 C)>ARE(23.7 C) > P (23.4
C) o B RER EEAR 5 R B K, 13.8% , Ak
/N, R 9.3%, H ¥R EH BIFE 1600, DIBLA A
KR A E(30.6 C), 3 m T szt (25.1 €)Y
AP (25.5 °C) o B, PLfb B (13.9 C) 53

R2 ERAFHIEHEEKE(0~300 cm ) 7Y 58 [E] Z{L4FE

Table 2 Spatial variation characteristics of soil moisture(0~300 ¢m) during growth period

A FHH Growth 35 7K & Soil 4% Under tree canopies W4T Inter-row SEYS Average
period moisture/% M EM oM M EM oM M EM oM
W23 H)  FIMH Mean 16.02 17.52 19.27 16.20 17.23 18.94 16.24¢ 17.35b 19.00a
Budding period g2 gp 1.26 0.85 0.86 1.12 0.82 0.9 1.11 0.8 0.84
ASEZRE % CV 7.09 5.33 4.52 6.6 4.92 4.75 6.39 4.9 4.45
W7 ) P Mean 1442 15.92 17.71 15.83 17.07 18.67 15.6a 16.56a 17.61a
Fruit=swelling ey sp 342 1.6 101 2.92 2.39 1.14 3.14 1.86 0.71
period ez s v 2244 13.84 6.22 18.28 10.08 5.98 20.1 11.25 40
B9 H)  PHI{H Mean 21.52 21.54 22.78 20.15 21.34 22.1 20.8 b 21.4b 224 a
Fruit-maturing  pro: 5= sp 1.82 16 1.46 2.06 1.44 1.44 1.82 1.46 13
period ez M v 847 7.44 6.41 10.25 6.77 6.51 8.75 6.8 5.81

T < [T R o AN )7 B2 AN [ AR TR ) 22 57 (2.2 (P<0.05) . Il

Note: Different letters within a row mean significant at 0.05 level. The same below.
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Table 3 Yield and water use efficiency under different fertilization and mulching

AE4)y Year Z 4 Parameter M EM oM
2013 reE Y/kg+hm™ 21 228 27 135 30 960
FE/K A ET/mm 386 365 349
IR A WUE/kg - hm™?smm™ 54.9b 74.2ab 82.7a
2014 reig Y/kg-hm™ 44 478 46 908 55 746
ek ET/mm 350 362 398
KA FHE WUE/kg-hm™2-mm™ 127.1b 129.6b 139.8a
2015 7o Y/kg-hm™ 30 538 33 082 41910
FE/K AL ET/mm 264 257 254
KR WUE/kg - hm™?smm™ 70.8b 78.0b 99.5a
Sy reig Y/kg-hm™ 32 081 35 708 42 872
FE/KE ET/mm 333.5 328.2 334.1
IR R WUE/kghm™» mm™ 115.7b 128.7b 165a
25¢ B o
(a)FF1EHH Folwering period o (b) 1Y Fruit-swelling period
£ T 30f
2 20f g
5 £ 25t
1 :
] [5)
& = 20}
Z I5¢ g
o o]
i o 15F
ZE o i??@'
= = 10f
= )
i X X X X , 5 1 1 1 1 1 1
5 08:00 10:00 12:00 14:00 16:00 18:00 08:00 10.00 12;90 .14;00 16:00 18.00
Hsf] Time A1) Time
161 -
() B

A+ IR Soil temperature/C

Fruit-maturing period

- M

8 08.00 10:00 12:00 14.00 16:00 18:00
5§ 1a] Time
-+ EM

& M

3 AREIEIEREHE T RE A RYEHMRR BEW

Figure 3 Diurnal variation of soil temperature under different managements at different tree growth periods

A (13.8 °C) H R B2 = A A (122 °C) .,
AR S A P e il S BRAE 12:00—14:00,
AL AR 14:00—16:00, i EEAR S5 20/
NPy Ry BRAT > A A S PR

25 AEIBIESEEHEET 0~300 cm £/EH NO;-N
EM=

WK 4 FroR 76 0~120 em )2 R PR BLA

BB 3 H £y NOs-N BELR 44 503.9,
451.9.724.2 kg-hm?,10 A {iy NO;-N ZFEUH 4351 K
732.1.826.3.1 010.1 kg-hm, 2 e fbii= NOs-N
SRR PRI B A0S N 277.9 (183.7
kg-hm?, 7£ 120~300 cm +J2 , & Pl BUA R A
PAEEK 3 74 NOs-N ZEBE 451k 956.2.910.3
1042.8 kg+hm?,10 3535141 724.3 1 680.6.1 653.1
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NO;-N St
Accumulation of NO;—N/kg-hm™
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Accumulation of NO;—N/kg-hm™
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B 4 AEMERSEZREI NO;-N ZRREX T

Figure 4 Accumulation of NO;—=N in 300 c¢m soil layer under different fertilization and mulching managements

kg-hm?, BAHIILALAL NOS-N BRUEER P
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213 NO;-N SHEE

3 He

3.1 AEEEEN R E k5 BRI

e 1 aw SRR I e Y @ Tl e N
TBIE KA HRAREKILRIE R B 25 5P,
T JCHE TR ) 52 b TR el 38K 3 32 58 [ AR FR Y
NG SZ R 2T AR AL R R, KA E RS
R A R S vl AT A o (e IV N 3 S 1 2 312 O N |
ROy TAE B WISk R AR 22 A
K, AR KRR ALY H PR SRR SR T K e
{ARERT LR BT, o R A Al 20
T KRBT . AR oo w5 K 3Ry
PR S T B R R = SR K, AR
K AR IE AR PR S B AR A0 4 1 14.6% |
6.1% . AR AL & I K 2 Tl A B 2 A ML
B BRAR T 375, s 3L, 3 R K2
i, [RIEHO AR T RIE RN S AT U 3508/ Ak a]
K FER BN KR B K 55 B R,

AN [t I -5 7 5 8 ot Xt AN [ el 30 - 8 A PR B
FRTA ., 2014 AR 2F HARE RN & 14.6 mm, AT /K &
D O FRAERGE AR S B BRI R 5%
Rbf, HIRNT K s B, RIZGKEE TR,
17, 100~300 em )2 KGR = FER K-

FERRE o T SEEA T RREAN B, LS K i = AT (R
2014 A SR IR R i 47 mm, SORTHE L BN 2 |
RIZK AT HEZE R T E T T AW ) 3R)2 1858, 135
KK TR, TR R T 2R
oAb =5 A 6 ) 7 2 e it e S 2] 97 1 4= 40K
7 RWPER, B 0~300 em + P34 550K
i TEA R, FERE TR L R T 7]
FAE A /N R R AT /NS, B AR R
F/INIEERE AR 2 BT RICR , Foe T SR Rl il A 5%
25 [ PRSI dE H AAR E E AR AR
BT, 7T—11 H S 385 K S BO0) BE 2 $12 v
2.1%F 1.0% ; 5K e R PSEME 5T 45 |, A b A= RLRE S =
0~60 em + )22 H 3K i, 30 BRERE 57 5.79% . AT
5T SAE GG R — 3, BRI g, SR
RIFEAK SR FEAG, L K A B B ks (B AER)Z L
R S IABRA S KRR TR RN, LR
i — AR S A B T RS
FEAKE R, SRR OR3-S 1A% 5 — 5w, AR AR
SATIRIRIAE /N SE , 2R S BT S A i 3 K
ZHAETR 3K SR A S B S K A, I
B IR 2 S K i TR S R P, DA
B AEA TR /N SE S8 MU ) S50 RE Y
KATESLIRE AL BERE TR A S, 7R 1R TR )= - 58 T84k
Ay AR R AR AE A

ARFREE R R, AR Rk s
G IA RS20 33.6% .20.1% , 3 2 5 248
i AR IE S A T, R e O R A RS E L Ak
B A KA DU E 8w T AL, fm



1126

KA IEFFF 1R ERRET R

B PR REARLAD H , N REAL S R AR A K S B 5 A
KAr s KRB FRon R, e ) Lk K e
A YE I, I E R T — A KA E IR
B, LA AR K o R R R X
PUA B R B 42.6% .28.9% , ik B AT HLAEBC A
B IRR R A RE L R b | R R R AR
PEHEAR R XK IR ISR, 32 o AR e Al 5
ZEIB VRS2 R4 5 K A R
32 AEEEEANRE L ERERNZE

FHUAEL ) b 22 7 55 ) T SRR B A R K I 1
WA, AL RE TS PRSI TR, A RE R IR it
TR BE XTI AR K AR . 3K G2 Bl AR B
(), 3K R - TR K R IS 1358
VELRE TR - TR AR Ak th 255 i) - 396K 53 B,
AWFFREER B, THEIAPE AR S B A =0 343
B AR PRSI RS 1.2.1.5 °C, 22 [N g 2 st
BHIR T 48 5K NS R T 3k S
PaE S T SN R s, A A
HURA B AIHE 20~60 em +3Erf, FRE IR N 20~26
°C, 1t 30 CHRAMA KRS Z BB, PR
A BA AR S b e, A AT b A T 7 5 ) R e i,
A B 2 ELRE I e LI, B A7 (el A,
TREEIRF) 30.7 °C, Mo T SRR R A K W ol
JE I, AN TS 18 158 AR WO AR AR A 5 )
R/ NI TE R SR R A K, RER EE B ACR , i
ERTR A IR R PRI 4.0 °C B ALY ik R
A B H YR A P A A= 5
TP A T A X, BRI IR AR 5 R
Bdpe/IN o T2 PR TR RERE K A RIS
5 SR 55 K P B AR S BRI AR S v S
ATTREAIS T 3R H AR,
3.3 AEEEHEXIRETIE NO;-N RIS

F/NTEEFEPIIFIEFE |, B PG R el P 347l 4 5927 .2
kg-hm?, 5 T L FHEFME AR 2 500, @ T EAME
bl it L 6~8 %, BRI T 3R IR BT T fr, B A%
R R FELL NO;-N (X BRE 55w, B AL
TERM ARSI . EMEOEIETE  FKE
12~16 AER 4 1R S el G2 - 38 H BEA 52 (%) NOs-N 2
S, BB SR L8 AR L E SRR )2
NO;-N ZREALE 0~2 m Fl 0~4 m P4 53k 1602,
3414 kg-hm?, [, FEARR)IZ NO;-N SRR ES2H
A RN A A ISR TR Lk R SR Sk . AR 45 R
N, TERGA, PoAbsi=CaE B m 0~120 ecm 12

NO;-N SR a, B A B 503 0
277.9.183.7 kg-hm™, [F]H B/ NOs-N [m] 82K
120~300 cm )22 NO;-N SRR Pt AR
S3RIREA 71.3.30.0 kg-hm?, AT UL, O AASE i o 1 it
A HLIEFA AU I BB SRR AIE NOS-N 1 F %
KNG | BRR b AUS: , S5 T 2 Tl S5 A LGP
Btk 1 e PN 1 25 5 —2K . 17 120~300 em
)2 AL NOs-N SR & & LA 2R A
oA PSR RAE AL AR , IR K AR HE AE JTRAAR , 37
AIMELIABEAARTAR ZR M, DT G 25 AR X A TR 2 SR

4 g

(DA BE R 2 = 0~200 em + )2 - 450
KA T 7K i AR e A Tt S R e 4 )
VERIR 2 o DA X B v 2 398 3 /K St B 1)
AR A RE T S INFE I A B , RIEZE T3 Tk
PG B i SRSy i, [ SHR  ZK  F F%

(2) 34 A HLAE R BB E LU e 51 7 R A
PR 385 2 (1% A S it R 184 U 0~120 em £ )2
NO;-N ZF&, K 120~300 em 1 )2 NO;-N 2
i, DU R T AR S el i A SRS RS
77 e I A el A

SE

(5K SC s, JR A, 5. AN IR b2 a6 it xo 32 2 bl - ok
TR K it iy 2], o7 AR 254z, 2010, 21(2) : 279-286.
ZHANG Yi, XIE Yong—sheng, HAO Ming—de, et al. Effects of different
patterns of surface mulching on soil hydrology in an apple orchard[J].
Chinese Journal of Applied Ecology, 2010, 21(2):279-286.

218 2, R, BRI 22, 45, 2w RIRIZ K A s B X R 5E

FYEZ)]. A0l TR0, 2004, 20(1):61-64.
FAN Jun, HAO Ming-de, SHAO Ming-an, et al. Water consumption of
deep soil layers and eco—environmental effects of agricultural ecosystem
in the Loess Plateau[]]. Transactions of the Chinese Society of Agricul—
tural Engineering, 2004, 20(1):61-64.

BB, B ¥, X 25, &5, By R be 32240 A IR R AR R
RIS ST, AR, 2014, 34(19) : 112-117.

ZHAO Zuo—ping, YAN Sha, LIU Fen, et al. Analysis of nitrogen inputs and
soil nitrogen loading in different kinds of orchards in Shaanxi Provincel[J].
Acta Ecological Sinica, 2014,34(19):112-117.

[4] B2, OHTE, skAREE. SN XS 3K S s ], K - f
FEIF5E, 2003, 10(1):95-97.

WEI Xiao-rong, HAO Ming—de, ZHANG Chun-xia. Effect of long—time
fertilizer on soil moisture in dry land[J]. Journal of Soil and Water Con—
servation, 2003, 10(1):95-97.

[5] £ 5, 20 M, Wbk, 5. BEEUKE R ILICHLRCHE X & 1K™



RS, 45 : RIRHGIE 5 AR A SRR KA R S 1127

i M RS AS AR A ] o B S IR 2008(6): 11-14.
WANG Zhi—-yong, HONG Mei, YANG Dian-lin, et al. Effects of nitro—
gen fertilizer rate and combined application of organic manure and
chemical fertilizer on yield in summer maize and on soil NO;—N[J]. Chi—
na Soil and Fertilizer, 2008(6):11-14.

(6] 2R W, 85 3C, X 8, 46 A HLICHLBCHEXS 135253 $REE /N2
R R, Al PR RLESAAR, 2010, 29(34 1)) - 135-140.
XING Su-li, HAN Bao—wen, LIU Meng—chao, et al. The effect of NPK
fertilizer combined with soil organic manure on soil nutrition and wheat
yield[J]. Journal of A gro—Environment Science, 2010, 29(Suppl ) : 135-
140.

(7] 2505, AR AR, 227K W1, 45 A HLICHUIE RS M b SR L0 15
RREACRE B BRI [T]. A3, 2013, 30(4) :591-596.

LI Tao-tao, ZHAI Bing—nian, LI Yong—gang, et al. Effect of fertilizer type
on growth and yield of Fuji apple in Weibei dry region of Shaanxi|J].
Journal of Fruit Science, 2013, 30(4):591-596.

[8] /NB3, ZRET M0, AW, 45 ANIR] b R A it ol S el /K ARSI Y
2. AEAS 2. 2014, 34(3):746-754.

LI Xiao-yong, LI Hong—xu, LI Jian—ming. et al. The effects of different
mulching way on soil water thermal characteristics in pear orchard in
the arid area[J]. Acta Ecological Sinica, 2014, 34(3).:746-754.
[91VE 5L TE, JKAKZ, ZRUH I, S5 < 00t B 6 XoF - 3 L5 IR O 11 5
W), A 7 S IR, 1996, 2(2):125-130.
WANG Jing—kuan, ZHANG Ji-hong, XU Xiang—cheng, et al. Effect of
long term covering with plastic film on characteristic of nitrogen in soil
[J]- 1996, 2(2): 125-130.
[10] Z= PR, BRAEAk. A Bk R X R el 338K o3 KA s8R 43 RS2
B ERBISZIAL. A A ARO0E4R]. 2005, 13(2): 161-163.
LI Guo-huai, YI Hua—lin. Influences of sod culture on the soil water con—
tent, effect of soil nutrients, fruit yield and quality in citrus orchard[J].
Chinese Journal of Eco-A griculture, 2005, 13(2):161-163.

[11] %, B AR, 4% e, 45 7R [ 2 s 1 0 T b SR 055 2R el 1
HeroK L. sl R, 2010, 43(10) :2080-2087.
GAO Mao—sheng, LIAO Yun—cheng, LI Xia, et al. Effects of different
mulching patterns on soil water—holding capacity of non—irrigated ap—
ple orchard in the Weibei Plateaul]]. Scientia A gricultura Sinica, 2010,
43(10):2080-2087.

(121 ZA=[mIL, Al 58 7%, 4. VB AL B i i R el A e b 52 2 -

IKAMEFERRFELI. K - ARFEIIE. 2014, 21(1);29-38.

LI Tong—chuan, LI Hui-ke, GUO Hong, et al. Soil moisture character—
istics of different herbages soil water in apple orchard in the area of
Weibei Plateau in dry season|J]. Research of Soil and W ater Conserva—
tion, 2014, 21(1):29-38.

[13] 22, k) 2. B vy Ja SR 39 2R el A BT - IR (52 ) 1],

Bih~# 4R, 2007, 15(1):76-81.

LI Hui-ke, ZHANG Guang—jun. Effects of growing different herbages
on soil water—holding of a non—irrigated apple orchard in the Weibei
area of the Loess Plateau[]J]. Acta A grestia Sinica, 2007, 15(1):76-81.

[14] RFHE, 2750k, 25 1, 45 AR - 38 B il S el /K 43 0 52

M [J]. JEECA 2B 2], 2015, 30(3) : 131-136.
SONG Yu—qin, LI Liu-ling, LI Hao, et al. Advances in modern orchard

soil management effects on moisture[J]. Journal of Beijing University of
Agriculture, 2015, 30(3):131-136.

[15] fiis U, i A=, BR800, 4. MRS R AT XA 5 e LR el
HOK 5 K= 2. 5 ROl SR, 2013, 31(2):26-31.
CHUALI Jun—feng, XIE Yong—sheng, SUO Gai—di, et al. Effects of dual
mulching of film and straw on soil moisture and apple yield in Weibei
region[]]. Agricultural Research in the Arid Areas, 2013, 31(2):26—
31

[16] &, kA, sk S 45 BOGHE ST e T JOK o m a0 R
[J]. I FHAE A 223, 2014, 25(8) : 2289-2296.

TIAN Fei, XIE Yong-sheng, ZHANG Y1, et al. Controlling effects of
dual mulching on soil moisture in an apple orchard[J]. Chinese Journal
of Applied Ecology, 2014, 25(8):2289 —2296.

(1718 [, B S, i i, 4. B R P2l LK A3 s 00. i
HEAS2AR, 2015, 26(4) 1 1199-1204.
7ZHAO Gang, FAN Ting—lu, LI Shang—zhong, et al. Soil moisture dy—
namics of apple orchard in Loess Plateau dry land[J]. Chinese Journal of
Applied Ecology, 2015, 26(4):1199-1204.

18] BRI, (A, A0, 5. Al DX A Bt 3K IR0 5577

BLERIHEIEL]. 4Ol TR, 2005, 21(1):218-220.
CHEN Xi, REN Shu-mei, YANG Pei-ling, et al. Relationships between
soil moisture conditions and alfalfa yield in the suburb of Beijing[J].
Transactions of the Chinese Society of Agricultural Engineering, 2005,
21(1):218-220.

[19] F 44, SKRARER, SKIKIE, 55, HA 4 s oL P AR el ek A
BN B 7 ik it JBT A 2 R[], FEEHE K 25412, 2015, 34(1) . 75-78.
WANG Jin—feng, ZHANG Lin-sen, ZHANG Yong—wang, et al. Effects
of ground cloth mulching on soil water, temperature, yield and quality
in apple orchard in weibei plature[J]. Journal of Irrigation and Drainage,
2015, 34(1):75-78.

[20] 5K S, 7K A= NIRRT SR b LK SCE R, Rk A,
2011,20(2):85-92.

ZHANG Yi, XIE Yong—sheng. Effects of different patterns of surface
mulching on soil hydrology in an apple orchard[]]. Acta Prataculturae
Sinica, 2011, 20(2):85-92.

[21] AT, 5 . 8 SP2R b K A A RRAE ] 1 T AR 254,
2012, 23(3):731-738.

WANG Yan—ping, HAN Ming—yu. Variation characteristics of soil mois—
ture in apple orchards of Luochuan County, Shaanxi[J]. Chinese Journal
of Applied Ecology, 2012, 23(3).731-738.

[22]5k i, BZEA, EFLL . BRI PR By 2 AN A K
LA L] T SR 4L BF5E. 2008, 26(2) :94-97.

ZHANG Jie, LU Jun—jie, WANG Yu-hong, et al, Effects of different
mulching methods on winter wheat the growth on west of Henan dry
land[J]. A gricultural Research in the Arid, 2008, 26(2):94-97.

[23] sk, A2 Bl, sk 2E, A5 RN IRI B AL el 398K 3

SN 3] PUAEARAEBE 24z, 2005, 20(3 ) : 56-59.
ZHANG Xian-lai, LI Hui-ke, ZHANG Guang—jun, et al. Effects of in—
ter planting different herbage on soil moisture in apple orchards of
Weibei Plateau[J]. Journal of Northwest Forestry University,2005,20(3 ) :
56-59.



1128

KA IEFFF 1R ERRET R

241 SRAREL, BOprr, Bk . R SRS pE M. et E gk
A H R, 2009 84-87.

ZHANG Fu-suo, Chen Xin—ping, Chen Qing. Major crop fertilization
directory in China[M]. Beijing: China Agricultural University Press,
2009:84-87.

[25] A=, WA AR, EFEE, S RKIERE X Tt & 7 it Bk 43 F

FHRCAIEZALT]. ARolk T R4, 2014, 30(10): 171-180.
LI Jian-ming, PAN Tong—hua, WANG Ling—hui, et al. Effects of wa—
ter—fertilizer coupling on tomato photo synthesis, yield and water use
efficiency[]]. Transactions of the Chinese Society of Agricultural Engi—
neering, 2014, 30(10):171-180.

[26] B4, BT AL, o5 e, S5 B AR 2 00 0 vy DU SR el 1 K
S AR Y SE AT LA A 2274l 2009, 20(11) :2652-2658.
HUANG Jin—hui, LIAO Yun—cheng, GAO Mao—sheng, et al. Effects of
tillage and mulching on orchard soil moisture and temperature in Loess
Plateau[J]. Chinese Journal of Applied Ecology, 2009, 20(11):2652~
2658.

[27] AR, A . HyIE AL S A HEEALRIT]. TR, 1991, 24(3)
74-78.

WANG Shu-sen, DENG Gen-yun. A study on the mechanism of soil

temperature in creasing under plastic mulch[]J]. Scientia Agriculture

Science, 1991, 24(3).74-78.

[28] FHILE, FLIGESL, S FAR, 55, FRIE b E B F T 0] T A= 25
24,2015, 26(6) : 1892-1900.
WANG Yan-ting, JI Xiao—hao, WU Yu-sen, et al. Research progress of
cover crop in Chinese orchard[]]. Chinese Journal of Applied Ecology,
2015, 26(6) : 1892-1900.

[29] F/NGE, [AISEZE, X 2%, 45, BRrGa IE BRI T R 7 S5 L
B2, 2013, 19(1) :206-213.
WANG Xiao-ying, TONG Yan-an, LIU Fen, et al. Evaluation of the
situation of fertilization in apple fields in Shaanxi Province[J]. Plant
Nutrition and Fertilizer Science, 2013, 19(1):206-213.

[3017E M, 2% 22, SRmmUR, S5, B A S R e M R 2 R R
S5 A RHIET]. AEPE SR SRR, 2013, 19(2):420-429.
FAN Peng, LI Jun, ZHANG Li-na, et al. Soil nitrogen contents and
deep profile distributions in apple orchards of the Loess Plateaul[J].
Plant Nutrition and Fertilizer Science, 2013, 19(2) :420-429.

[31] BB, [RIHELE, ShAAE. G X RS 75 S i B 52 [T]. A4
B GNRAR, 1998, 4(1):8-15.
LU Dian—qing, TONG Yan-an, SUN Ben—hua. Study on effect of nitro—
gen fertilizer use on environment pollution|J]. Plant Nutrition and Fer—

tilizer Science, 1998, 4(1):8-15.



