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I T 2009 —2014 a 2% 6 a FEARMFFPEIL RIEH
SR AC R I S5, PR DR e
(35°30'N, 107°29"E) 47, 0B s 4K 1 254 m, 30 a 4F
BIREoK i 503 mm, AU 8.3 °C, ToFEM 165 d, 11
Ry A HEE AP A 10.62 g/kg, A 0.94 g/kg,
Tl A 2L 89 mg/kg, HALME 12 mg/kg, TR 231 mg/kg, A
BLIT 11.3 g/kg, BETTHPAE S PllE | FE/K 1Y 10~15%IF 1%
FEWIR , 60%~65%ITCEZE K, A 25%~30%BEAEYIF
FH L H 60% R K ZEE W AE 7-9 J1, B - S35 1l X AR
I H BEEHECA 2 300~2 500 h, H B8 H 43355 509%~55%, K
PHAE 8 B8 525~567 kl/em?, AR IX =0 CHUE N 3 400~
3800 °C, =10 CEUEH 2 700~3 200 C.

1.2 Rigit

WRIT 2009 a JFUR, HELE 6 a B NLIEIT, 0BG 5
Pl & 25, BHE R 18 a 2 R E R 4 mx3 m, T
¥5) B A, R 3 b B AL BR R 5 IR,

P15 MAb
I LT 3 A~Ab .

b FE— X B (CKO) « 24 b B SR el 0y =X, R el 1
BIEA TSR AR R ZR 0 T B 2 e L, D der SR el b
7K TRER A 56 H i T RIBRE— K T AE B 1
PR SRIE | NE 7 2R S SE 10 25tk , BEAE 254
T 80 cm ZMZIRTEE N 20 emx20 emx200 em KT, JitiAE
N AR FKIE 75~90 ke/bk , BBt A 5T L
(N:P,0sK0=1:1:1), i AL 5 k7 1.5 kg/Mk , BB BEFHIR 2, %
JIE P R 4, 4 N AR

b FR PR A T B 55 A RN O 95 Ak B2 (black film
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mulching, BF): 3 AE B EW T 5 em PO, 2 120 em 56
(1) B i RSE, 2 RS RS T A rs R AR e 7 00 ] 71 ] A
#1100 em, A0 ] AT SMI A ARL AT, B 56 R
IS, 55 0 55 P 52, 6 - K 5 AERR Ml 2 ) o R 5 it A
KA, Nk A 55 A5 TR 20 em A NSRS E 1,
BIERHAAERZERD 4 H 20 H A4 B BT

AbFR = PR T R T + SR RN AR ATB AL P (black film
mulching+ rainfall collection tri-infiltration, BF+R): 52K
5 B ERT 80 em BRLAL FZ KA TER A 50 cmx50 emx
40 em B 3 DRI BESCPHELE 30 emx30 em FIA 55 AB
i, AR DU AT AN 0.5 em /ML, FLIRIEE 2
R Sem, 2 40 DR AERSE R , AR 400 emx
300 cm AMEUSERSEAR , BB 200 cm F1150 em,
HORCAI s 1) NS AR, (58 F B AR A SR B Ly
38551 AR 3 S AN BHR L AR FHTE 120 om P8 (0
B 25 AR 55 (O A RN A /K B R B L A it A o
B NS 7 RS a] 5 b B AR ]
1.3 MEmMBRFE
13.1 $#FERrRENE ERLMIUG B &b
5 PRALSE AT A MR R, B R SR S AT RR i e s R
HAENG: FEESER ER KN B EHAEKT 70 cm BN
PEAR IR LR R s H BN LR BRI SR 20 4,
AN E AR

PR (%) =R HAZ KT 70 em FESL B4 5B R 5L
#x100%
132 #HMAEKE FEHEMT HHBTFE)MBAE9 A
DAL R B A, BRI R A K
5~30 cm BHTAHE MHREAL,>30 em REAL, TR A LG,

TR A8 (9% ) =0 A 00 4T B A £ 100%
133 @rtiie  7ERSZRIIERS 100 M, 5 st
Jitit o SRAMN P BB R AR I T, RS R
5 3 E, Har R S = AR
134 XEAHKE

TE RT3 N A FH 0~500 em 8 #EAT A T AT BBt
FE, AT E Ko & i . BUREIRIE R 500 em, T
2009-2014 a 3 HIFESE RN AR T T, BURERT ] — %
FERR A KA BRI ORIG  FRIRAE A AR 4l SR A=
KAR TN S5 P R U, BURERS ] 2009 a 4 06-07 .07
25.09-01 1 10-16,2010 a H 04-03.06-28 .08-04 Fl 10-
15,2011 a 4 05-24.07-17 F1 10-14,2012 a "N 04-26.07-
25 f1 10-15,2013 a N 05-29.09-07 Al 10-17,2014 a N
05-03.09-28 F1 1029, B4 3 K, T TFEH, 7
JITE 2000 a F1 2010 £5 INHC—IR o 387K 435 12 By
105 CHET:, Ph 20 em F—AN 2R 3 25 NZR CEH
FIEFEBEI 0~500 em THIE, F 1.3 g/em’s

3 TR S KR (%) =B+ - iR /T R
X 100%

K S XS 5 B BORFE AN [F])Z U 3K 2 A X
FXF B 5 B

CSWDI=(CP,-SW,)/(CP,-WM)

CP, Jp X REES | )22 -8R B s SW, AR FR 5 5 ¢ )2 14

MEHE s WM NI ZERRRE, R 3K o di /b B AR Yy i 1 o

f 5 IR SRS I B LR BT o MR T L0 B v i
DX SR 2200 P AR O, AT SE XSO e T Al BT LAA
SCRZEIRIE N 5%.

2 HBRSH

21 AREGAELEXER=EHM
2009-2014 a FELE 6 a MY, HF 2011 12013 a
ZEIKE TR FARK E A T s Ay 4 a BURSS
W3R 1 U7R, BF Fl BF+R H TR bR i R A
T B T R, AR R R LA T R A CK
HATIN 12.46%.16.68%F11 10.55%.14.51%, BF+R 4% BF 43|34
i 3.75%%1 3.57%; P % BF+R %5 CK $25 6.6 1~ 404,
BRI 17.04%. 4 a “FIMET7 255307 s A #4458
PR %T R 2 (0] 22 73 2 2 (0.055P) , BF 5 BF+R 253 A8
Fo ULHAAL PR B R I SRR BRI e T
A A AR, AR T T R B RE
®1 FRL/PEEHZEBKEBNRRERY HES

Table 1  Different years charge yield and optimal fruit rate

NI L/ Vi -
B B3 I T N
Ay abE ﬁ%)ﬁi Yield per ﬁ[:%jé . AR 477 Yield
Single fruit Optimal fruit Hundred .
Year Treatment . plant/ - increase/%
weight/g . rate/%  leal weight/g
(kg*plant™)
BF 177.0 36.4 80.9 75.8 23.48
2009 BF+R 194.3 382 78.0 76.3 29.71
CK 184.0 294 76.5 69.2 -
BF 199.0 453 80.7 74.4 18.82
2010 BF+R 190.7 43.8 84.9 78.1 14.86
CK 166.0 38.1 725 66.8 -
BF 185.0 425 73.1 75.8 2.78
2012 BF+R 192.5 442 77.9 76.3 6.94
CK 180.0 41.4 74.7 69.2 -
BF 168.2 42.0 76.3 68.6 8.16
2014 BF+R 177.8 46.2 81.8 68.9 18.95
CK 129.6 389 725 50.9 -
BF 182.3a 41.6a 77.7ab 73.6a 12.46
-1
T BF+R 188.8a 43.1a 80.7a 74.9a 16.68
Mean
CK 164.9b 37.0b 74.1b 64.0b -

E:BF: PR OB 55 BR+R : JA I I 35+ SR T LR A2 CK: 3 R
FPARFETEZORR AL 4 2 FIELE SRk PR B T,

Note : BF :black film mulching; BF+R :black film mulching+ rainfall collection
tri-infiltration ; CK:controlled group. The different letters indicate singnifi

cance at 0.05 probability level. The same as follows.

22 AEIEITER I SIEFRAI R

RS A A o e R e R Y — I B R A TR
bR, SESREESE DU R B H AR A R AARE T SR
BAEH L R R AR K . RFEACEEE BRORS A K R TE 5% /K
VbR R A K 28~32 em, BF Fll BF+R ZbHLA
FEFIRKAE - A 4 B 43038 CK 39T 14.25%1 7.15%;
FERL L) BF+R AR PR 3 5 T BF M CK, 405l3Gim 1
22.75%F1 11.84% 5% 2. ULHE T+ EM L IEABHEAR R
FREE T BEAE RS P A K ARG T R AL L]
R SRAT R B A



%1

B WA« B TR R R o S 2R R L R S R A R )

157

*2 AEABEZFRXTRESHEREL(2012 F)
Table 2 Charge morphological index of different mulching(2012a)
fbm F i Spring shoot FKF Autumn shoot

Treatment 413 Growth/ FA% LU Spur £ KAt Growth/ AL Spur
proportion/% proportion/%

cm cm

BF 31.30 62.50b 32.76 52.38¢
BF+R 30.92 78.56a 29.16 81.82a
CK 30.03 64.71b 26.04 72.00b

23 AEEXRE 1K S HIRNE

2009~2014a 10 JT 3EHE KA 5 D0 A [R) b 3O IR )2 1+
e Ay R, LI 1. 7E 2009 a A[RIAEBEFE 240~300 cm
PIRIUGR)Z, Sid i KAERE A , CK ABIRE IR F)
300cm 7547, BF Al BE+R AL H 4 53K %] T 360 cm F1 480
em 48,300 em VAR £ 3E7E 2011.2012.2013.2014 a “F-3
KA A EE CK F 2.94.1.72.2.83.0.42 il 1.57.2.63.
1.72.0.50%. 0~500 cm &K AT , ARIASFEFAR—3K,
X R L EFLE 300 em VA 42, BF Al BF+R AZb#iH ]
BIRIZEBL B I AR T R B RIFE, MTRZ LT
i —E ZfER .
24 AEAMBEREER HIEKD SEIEHMS T L E

JRFER 2 E T i A 7E Bl SR b AR A R
o, W2 LK ML BB RIZ K TR . A%
ST 32 SR 2 0 b B 5 R BRI ZR A R, @ ad
2009-2014 a AN [F]Z=7T 1 HEK A Bes BT LAE
BF Il BF+R b 345 %] B /K 43 FH X 75 46 54k —0.038 Fil
—0.054, Ut B AL RS 4] T K 35 i, XSS B 4 3K 4y
HE TIREER.

MAEABTWRE , W 3,841 2009 a #1 2010
a BB A KA 12012 a WK & H B K 7377 it BF F1 BF+R
AHXT = Bl E04 5 A :0.12 A1 0.11.0.09 F1 0.04.0.08 Fl
0.04 ; HABAE FRAN [) A 75 1 - 398 7K 20 KE X6 o) B ) 435 - £
wEBSA NS, B GRS BF A BR+R AbHESE-3A7K

25 B BN -0.06 F1-0.07.-0.05 F1-0.07,BF+R %% BF
AL BRIK S AT M 5 A - HEAK 433 B B AT RRAIR , b
7 %G RE A R R LK R L, PRIEAER TR
AR K

AR TRIGR B 43 A b BR] B B 15 DL, BF AR BE 60~200
em K43 BT B, 200~500 em AHXT 7 B 5k -0.04~
-0.11,BF+R 2P 0~60 em KA AFEF- , 60~500 cm AHXT
TR BN -0.05~-0.12;2 4N Ab BR K 4 #b 45 R E B 1
200~300 cm, ZJE Bl L2 REEINTGR ,, /K534 se 28 /b
SR BF+R AL RO & = F BF AR, UEHH BF+R AL i
TABIRE AN TIWRZTHOK S 80 T 28 LWk
3 iTig

SERM R 2 EOR  ZR B R B T RAE Oy SRR
AN, ANAUHEAE T 2422 fK 1 LIS FE T IR 2 + 1
KA, SRR T R B A R KR A A
KB, A e A B 7 S SRR 1 B i A Z e,
PR B S Bl e o b R B R R R it RE A R i TGk
0% PRI, W A MR T, A i I A
PABLRR, ARSCFSE 25 R R, BF A BF+R AL HERER %L
o0 IRROAEE R A ARZ DU S KR AMEA AT
BRI RBARFEAK, PR 2 200 T R a0, 4
T ALRR R SR R R RS A LB . BF4+R Ak
FRAS BF ARBRAE =5 LSRR T AR A A A
P ks, Jorb BR+R Ab 357 2 R H 15 A h) R
A ANBEIN T 17.03%A1 17.31%, B3 1 3SR A KRB, i
HEAEZE Ak, bR = e A SR R 0] BESE- 3538 1 16.499% 711
8.91%, A A TR T 3R K/ MER H L. VLB BF+R &b
PRPCE TSR A KOS , SRR AR BT8R 3 1 el
TZFEA N B A IR XSS 7l o] 2 & R IR e

I E KR S SR A R Y R
B2, S R R A K R R 25 1, R B XA A 2

—— 2009 —8— 2010 —&— 2011 —=—2012 —=—2013 —a— 2014 “f) year/a
7K Soil moisture content/% 7K 4R Soil moisture content/% 7K 4R Soil moisture content/%
o2 5 100 15 20 25 o2 5 100 15 20 25 o0 5 10 15 20 25
50+ 50F 50
100} 100f 100
g 150 g 150F g 150
3 3 3
= = =
2200} £ 200f £ 200
=} a=] =]
2 250 2 250F 2 250
el el il
300 ¥ 300F K 300
Il il 1Y
H 350 H 350} H 350
400 400f 400
450 4504 450
500 500t 500 e

a. X HR
a. controlled group
B 1 2009-2014 a A& XMKE 0~500 em LEAKRE
2009-2014a different mulching soil moisture content in 0~500 cm in post-harvest

Fig.1

b. BB
b. black film mulching

c. OB R AAAR

c. black film mulching+ rainfall collection tri-infiltration
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F®3 2009-2014 FARBEAXAFREFTH KD SRISHTN
Table 3 Charge different mulching soil CMWDI in different growth 2009-2014a

Ay IR Depth A6 Flowering stage

BRI Shoot growth again in spring

FAHAE KA Shoot growth again in autumn  W3RJE Post-harvest

Year /mm BF BF+R BF BF+R BF BF+R BF BF+R
2009 0-60 0.102 -0.399 0.069 0.035 0.094 0.113 0.016 -0.086
60-120 0.083 -0.31 -0.142 -0.174 0.291 0.177 0.000 -0.042
120-200 0.01 -0.116 -0.04 -0.066 0.214 0.193 -0.022  -0.159

200-300 -0.017 0.033 -0.076 -0.114 0.033 0.050 0.056 0.046
300-400 0.041 0.008 -0.024 -0.027 0.003 0.033 -0.011  -0.095
400-500 0.105 0.084 0.007 0.020 0.073 0.087 -0.104  -0.013

F14 mean 0.05 -0.12 -0.03 -0.05 0.12 0.11 -0.01 -0.06
2010 0-60 -0.044 0.040 -0.018 -0.186 0.109 0.227 -0.047  -0.036
60-120 -0.097 -0.019 —0.048 -0.192 0.147 0.053 -0.031 0.008
120-200 -0.179 -0.043 0.073 -0.581 -0.004 -0.158 -0.106  -0.110
200-300 -0.102 -0.006 0.051 -0.116 0215 0.018 0203  -0.329

300-400 0.037 0.014 0.133 0.039 0.054 0.044 0.006 0.159

400-500 0.008 0.019 0.130 0.014 0.012 0.059 0.003 0.135

4 mean -0.06 0.00 0.05 -0.17 0.09 0.04 -0.06 -0.03

2011 0-60 - - -0.131 -0.182 -0.012 -0.161 0.075 0.017
60-120 - - -0.047 -0.095 0.025 -0.062 -0.03 -0.008

120-200 - - 0.098 -0.038 0.245 -0.021 0.055 0.022
200-300 - - -0.214 -0.219 -0.040 -0.201 -0.046  -0.042
300-400 - - -0.081 -0.045 -0.085 -0.035 -0.085  -0.069
400-500 - - -0.203 -0.198 -0.237 -0.308 -0.021  -0.008
14 mean - - -0.100 -0.130 -0.020 -0.130 -0.010  -0.010

2012 0-60 -0.019 -0.013 - - 0.097 0.249 -0.036 0.083
60-120 -0.011 -0.009 - - 0.186 0.049 -0.036 0.034

120-200 -0.005 -0.003 - - 0.118 -0.092 0.122 0.173

200-300 -0.005 -0.015 - - -0.102 -0.222 0.110 0.005

300-400 0.022 0.027 - - -0.061 —0.448 0213 0.005

400-500 0.009 0.021 - - -0.109 -0.602 0.122 0.01

P4 mean 0.00 0.00 - - 0.02 -0.18 0.08 0.05

2013 0-60 - - -0.180 0.219 -0.385 —0.145 0.057 0.153
60-120 - - -0.177 -0.164 -0.022 —0.140 -0.058  -0.048
120-200 - - -0.03 -0.127 -0.009 ~0.065 -0.029  -0.044
200-300 - - -0.317 -0.195 -0.701 -0.514 0434 0472
300-400 - - -0.264 -0.210 -0.675 -0.563 -0476  -0.613
400-500 - - —0.058 0.000 -0.324 -0.598 -0.349  -0.377

4 mean - - -0.17 -0.08 -0.35 -0.34 -0.21 -0.23
2014 0-60 - - 0.101 0.038 -0.060 0.067 -0.032  -0.032
60-120 - - 0.019 -0.031 0.028 0.046 0.007 -0.036
120-200 - - 0.026 0.019 -0.134 —0.144 -0.012  -0.052

200-300 - - -0.124 -0.177 -0.212 -0.021 0.033 0.073

300-400 - - -0.215 -0.222 -0.226 —0.043 0.115 0.125

400-500 - - -0.273 -0.269 -0.052 -0.054 -0.168  -0.171

4 mean - - -0.08 -0.11 -0.11 -0.02 -0.01 -0.02

SRR R 2 — P BEA G A . b 5 AR A RO 1
B AALBREES, T K T XK A I R F B T o
b FEERE 5 i BELWT T - SRR AR o s, AR 1 MR
WITCRZE K 3 T RIS GE THYZ A K &,
Y R ZR B A AR A G AR TR R A . A
JEHELE 6 a fESWINZE R B R, BF il BF+R AbHR7EES A
KIE SIS, )2 S KRB ER N, BR+R Ab#E AR
T 480 em LA HEE KR o RANISEAF SR, FEAR R
H/NTF 400 mm B, SERAE R FEIEAE 300 em DA 35
KA o BREFFIFSE A, “IRRK mzE k7 R it
P =595 0 D7 ek i 7 | P 1 A N R 7t s RO ST TRVAL N
ANBHA VEF RN T HIE TICREE R  WEER BRI,
A ESKERRZER, ZE T2 L E TR &
T T 40 cm ABA, QA T e PR T, o5 TR

RO KRBT, TATE SRR 3] T8 RSO0

AFEFEHET 0~200 cm H3EFKEAE 4-10 H 3%
B KR RIS, 3R IR AR R AR, R A K AR
K T ER, SR i P b S T A R e T K
At 3980 AR s SR R R A B K AR AN
[F],4-10 H 7y -3 5K W BIAR AL, AR AR B A
[ S 10 - 3R X /K 237 BRAE U, AT T SR el 7 A [ i 44
PP 5 o R K I B R RICR  TE RIS AR R K 0 7E 6 A I
.8 H AN 9 H FAJ B S AL FK A B T = ik, &=
BRI AIZIA G K o RO | PR T R TR R
TR BT KA TR, P ECT KA 5 B, SR i Fiti
HIRIGAEBR BOHERS , B 5 A PR K 3 Z A 5 1) R el TR
JZELE  BF+R AL HLE 25 T BF AbRE, DB 4 R fig
BIRZ B LKy, WAFZET R E K, 5
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I 6.2 mm T 17.3 mmo

2 2 AR RR 5 B 0, R 55 + 7 R EE T B AL
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e WK TRIZAB I ABE R PRI T30 B 28
SR LE R BTt AR Oy, AETHFE LI C A K, 8 23]

KK &L W2 50K RN, S8 T 5%
TR ARG R T EIHERZ T
3)IR)ZE LK EGE AR T3 RIE S8R0 &
B, S0 M ISR 55 7 PR T A TS A BRI R HU ) 5 Xof B
1 9.82~13.85 H 43 &L, FRFR 7 TG AN 6.76%~29.93% , T SR
R 80%LL b, BN RN 3.2~12.4 43 Mo DRI B €0 3l 55
T+ T REE T A B AL FEAE B0 - 3K A TRl s 3 e T
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Effects of rain-harvesting and moisture-conserving measures
on apple tree growth and development and soil water moisture
in arid areas of loess plateau

Zhao Gang, Fan Tinglu, Li Shangzhong , Zhang Jianjun, Dang Yi, Wang Lei
(Gansu Academy of A gricultural Sciences Institute of Dryland, Lanzhou 730070, China)

Abstract: The arid areas of the loess plateau represent the second largest apple advantage production area in China.
However, the desiccation in deep soil layers of the apple gardens in these areas constrains the sustained development of
apple industry. Therefore, it is of vital importance to study the desiccation in deep soil layers. This research aims to
effectively alleviate the desiccation in deep soil layers of the apple gardens in arid areas of the loess plateau, and to ensure
the sustainable development of apple industry. From 2009 to 2014, gardens with full bearing period (20 years) apple trees in
Zhenyuan County, Gansu Province were selected as testing areas. The treatments included rain-harvesting patterns as black
film mulching and black film mulching+ Rainfall collection tri-infiltration, which made the outside of the main trunk incline
ramp, covered with black film, was in close contact with the ground compaction and ease of catchment. The tree disks been
covering about Apr-20, and adopting the cultivating pattern of local farmers as controlled group (CK). In consecutive 6
years, such indexes as apple yield, new shoot growth and soil water content were localized and measured within soil layer
depths of 0~500 ¢m, and morphological indexes of apple trees were periodically measured. Changes in apple yield,
morphological indexes and relative water deficit indexes within soil layer depths of 0~500 cm at different growth stages were
analyzed. The result showed that compared with those under CK and black film mulching, black film mulching+ Rainfall
collection tri-infiltration made average apple yield within 6 years increase by 16.49% and 3.63%, respectively, and the rate
of optimal fruit improve by 8.91% and 3.86%, respectively, so the technology prevented apple tree from yield fluctuation
during years. The proportion of short shoots in black film mulching+ Rainfall collection tri-infiltration was significantly
higher than under both black film mulching and CK, and enhanced by 22.75% and 11.84%, respectively. Compared with
those under CK, soil water contents within soil layer depths of 300~500 ¢m increased by 0.50%~2.63% in black film
mulching+Rainfall collection tri-infiltration. and its infiltration depth of precipitation amounts to 480cm, which was 120cm
and 280 cm deeper than those under black film mulching and CK, respectively. Compared with those under black film
mulching and CK, average water storage in black film mulching+Rainfall collection tri-infiltration, increased by 6.2 mm and
17.3 mm, respectively, Because the black mulching can suppress evaporation of moisture invalid, lay a 40 cm depth of
infiltration, increase the accumulative and average depth of infiltration, change the physical properties of the soil, and
improve root growth environment, fruit morphology index has been effectively improved. Compared with that under CK,
relative water deficit indexes reached -0.038 and —0.054 0O, respectively under black film mulching and black film
mulching+ Rainfall collection tri-infiltration, which indicated that both treatments repressed water deficit within soil layer
depths of 0~500 cm and exerted moisture-conserving effects on soil water content in apple gardens. Black film mulching+
Rainfall collection tri-infiltration made infiltration depth of precipitation remain balanced, and soil water content in the
main areas of root system distribution remained unabated. Their relative water deficit indexes within soil layer depths of 60~
500 ¢m ranged within —0.12 ~—0.05, and the maximum compensation depths range was within 200 ~300 e¢m. Water
compensations occur at the flowering period in spring and the harvesting period, can effectively relieve drought in next
spring. Therefore, extruded infiltration + black film mulching can enhance apple yield and optimal fruit rate, improve water
conditions and alleviates desiccation in deep soil layers of apple gardens through ensuring water consumption for apple tree
growth during drought periods in spring and winter.

Keywords: soils; moisture; growth; loess plateau; apple orchard; soil keeping measures



