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Analyses of water-saving irrigation scheduling for apple
in Weibei dryland gully

LI Tian-xing', CAO Hong-xia', CHEN Hong-wu?, LI Hong-li*, MING Gang’, TANG Long'
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Area of Ministry of Education ,
Northwest A&F University , Yangling, Shaanxi 712100, China; 2. College of Horticulture , Northwest A&F University ,
Yangling , Shaanxi 712100, China; 3. Luochuan Water Resources Bureau, Luochuan, Shaanxi 727400, China)

Abstract: To investigate the water-saving irrigation scheduling for full bearing apple trees during different hydrologi-
cal years in Weibei dryland gully, based on water balance principle, meteorological data from recent 56 years in Lu-
ochuan were used to analyze both sufficient and non-sufficient irrigation scheduling of two maturity apple varieties ( Gala
and Fuji) under different irrigation methods (pipe irrigation and drip irrigation) . The results showed that both mid- and
late-maturing varieties should be irrigated in different hydrological years. The irrigation stage and amount should mainly
be implemented at new shoot growing and fruit expanding stages. In addition, for mid-maturing variety in different hydro-
logical years (wet, normal, dry and extremely dry years) under sufficient irrigation scheduling, irrigation times were 2,
3, 3 and 4, respectively, irrigation quota for drip irrigation were 60, 85, 120 mm and 165 mm, respectively, pipe irri-
gations were 90,130,180 and 245 mm, respectively; irrigation times under non-sufficient irrigation scheduling were 1,
2, 3 and 4, respectively, irrigation quota for drip irrigation were 45, 70, 110 and 150 mm, respectively, and pipe irri-
gation were 65, 110, 170 and 220 mm, respectively. Furthermore, for late-maturing variety in different hydrological
years under sufficient irrigation scheduling, irrigation times were 2, 3, 4 and 4, respectively, irrigation quota for drip ir-
rigation were 65, 90, 125 and 160 mm, respectively, pipe irrigation were 95, 140, 195 and 240 mm, respectively; irri-
gation times under non-sufficient irrigation scheduling were 2, 3, 3 and 4, respectively, irrigation quota for drip irriga-
tion were 55, 75, 120 mm and 150 mm, and pipe irrigation were 85, 125, 175 mm and 220 mm, respectively.

Keywords: apple; pipe irrigation; drip irrigation; irrigation methods; irrigation scheduling; Weibei dryland gully
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B TIZIX 2 m BRAE TP S B (3R 1) .

® 1 OBIRERF YRR
Table 1  Physical property of Clay Heilu soil at Luochuan

TEWE a: £25-C3 IR FH [ 57K

Soil depth Bulk desity Wilting point Field capacity
/m /(g'cm'3) /% /%
0~0.5 1.15 8.7 27.8
0.5~1 1.28 7.8 25.0
1~2 1.33 7.5 24.1

1.2 HIERIRE

1955—2010 4EH8 H PSR B0RR B
RS, AR B R kR ERE R
(B VT34 AR AR ) T34 XU T 3R X I B
FI HERIRHEL

SERA T IR 5o KT AR AR, AR
KAEIK , TR, DURGAF S AR B 2 28 28045 i 2R Hi ol —
ANIKSCAR  FEAT IR AE A AR B I BRI 4y 4B
S B DA 7 Ak i e v 22 A g R e
BRI R 5 ABBL (R 2) .

K2 FRMBEEMRISREEMRY K.

Table 2 The classification of different growing stages and its crop coefficients( K, ) for apple trees

HHEHBL
Growing stage

AR (M - d)

Middle-maturing variety

W A Bl (M - )

Late-maturing variety

Crop coefficients

i 2f ~ JF4E Bud ~ bloom 03 - 10—04 - 20
HIRHIE R Shoot growth 04 — 20—06 — 20
RIZNYK Fruit expanding 06 = 20—08 — 10
JHEA Fruit maturing 08 — 10—08 — 30

KU~ PRIR Harvesting ~ dormancy 08 —30—Z4E 03 - 10

03 - 10—04 -20 0.35~0.5
04 - 20—06 - 20 0.7~0.8
06 - 20—09 - 20 0.8~1.0
09 -20—10-20 1~0.7
10 - 20—2814F 03 - 10 0.7~0.35

FEMIK T, SE R T K& (ET,)  ET, = K,
x ET,, Hotfr ET, FJ1] FAO — 56 #f£ % ) Penman —
Monteith /Afﬁﬂr%ﬁm s 4 HE B S 0T SR AR W i S 4
LS SCER T, 17 18 T R R A G VR R4
K. (F2),Hf,1.2.3.11.12 45 0.35,4 4 0.5,
5H0.7,6 H0.8,7.8 Al 1,9 AR 0.8(H &N

0.7),10 A8 0.6, MK, 5K T1ED
EHAKN TR EY 2 K& R aiE RS
IKE I/ NN, LA ET, = K, x ET., ET, Ak
IKFE NVEY PRI & &5 K, 8 H KB IE R
BT K, R SRR 2R
VAR SCR SRR (Jensen) BT US) HUR R ZTR N 1
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FETCSE U GORME, 32 40 R BUE: P <5 mm, a = 055
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R 7K B 3 B 7K o 18 A T B3 S R )V I T K
(NIR), NIR = X (ET,; - P,;) , R FAXIEE %248 i1y
VRRRE IR AT 38 15 AT A28 43 B, A o DU 2 0 1 5 5
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i Excel 2013 #4780 2E
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Table 3 Water balance components in different hydrological years for apple trees

SR Frequency/ %

) 25 50 75 90
TiH
Item ik L rhak 2 rhk E Hhik [k
Middle- Late- Middle- Late- Middle- Late- Middle- Late-
maturing maturing maturing maturing maturing maturing maturing maturing
ERBAR/um 678.9 687.8 647.6 654.7 692.1 702.0 772.1 775.8
Apple tree water requirement
T
AW /om 526.6 526.6 431.6 431.6 388.5 388.5 367.4 379.3
Effective rainfall
HAMl Kt /mm 152.2 161.1 215.9 23.1 303.5 313.5 404.7 396.5

Net irrigation requirement

1.3 ERHEFTXSHNHE
1.3.1 xR HEEBARZTAH N LIRS GRE

HPHEXFERMRAFZESAT 2 m L2
2 R PR AR N S R AE 1 m RN
FURFFE XK 9% 5 J i, BRIV I 2 IR N 0.6 ~
0.8 m EHEZK AR , L A 3 A E A 19T RS2 K
B AKIREI N 0.8 m, HAKHEH 0.6 m,

SPEERLAR FE /K B2 R R R T AR I A A AR K
Hb A S — TR TR E RO, TR
VOB R R AR 2 R R K R MR B B2 i
HARE , EEAEYM S SIET , 2R R 5310 KA
BEMZm, RR EZAHAH 2 m 22K
Ay RAR SO 2 m 2 A S K R AT
KA
1.3.2 RREHLELSKERITETR LUt
SRS R E YR K 43 (0 38, — 8 LA A A X
TEEE (R) (L3 EK & H RE K& E o ) 7+
B R4y BB (R > 60% ) % BT 52 (50% <
R<60%) W T 5 (40% < R<50%) . T & T 5
(30% < R<40%) FFAEE T F(R<30%) .

1) FEorHEE. RIVEY) R 2R R 2 R4 &K &
ol K SRR Rl BV O R AR

A SEIA N, 38 B 3 E K K 60% ~ 80%
0, PRI+ KNI ER A, 2% T 5
TEARSEIL RN 53, B 0 7070 HE MR A5 10 R 25 W e 1
KNS 20 £ S KR b~ IRy i 2R 1607
~0.60 HTRIER I 0.8 ~0.60;  RILZK ~
#0.8~0.60 JHATEHA 0.7 ~ 0,60 T&E I RAR
110.8~0.60m. T RR WA IR ZE N
A B HRZU T E 2 m L2 HIESKET
FRIZEHR 0.50 -

2) AEFEAEE . FEIE LR R AR, K
Tt B H BN RET 2RI K, Bl 2 Btk
FEATEBR GO, HE 7 SR I A
Vo5 HEE AR S R R TR S i T
SRR 0SS 0 P A 20T Ko K M e ) R
JEASTA], e i 38 2k I 8 g s ot 4K e SR 512 1) 40 i
2 R B 2 DA E R S AR, S
B A S A R R O AT RE S e 2 AR SRR 1)
e, AR SCRRIIEIE I3 280 e R SR sk K
(55— B BeJa AN EE — i B (20465 40 ~ 70 d) 2R
W72 T A A PRI UE TR ARG 3058 = B Bk
S FEAT T, TR S A K AMEERIN , SR G B
TR R Fe 28 1) 77 S B AR T AT 5 M) 5 6 S S s A 42 o]
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TR A3 A ) S SR AR o A 5, HAI B 5 78 /0 HE R AR T
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I S — B B i R K o, (AR AR 2
HEK MG T 18 B K FBRAES . SR
7 F 5 SR 20T A X S SRR T K R, BT R
SRR KPR 6 H (S5 40 ~ 70 d) s A 8
Af) 2 8 M A () i fr o H Mg x
10 J Ha] Ottt 113 2 S K i F IR 0,504,
HRIZLLFZE 2 m FRA 0.450, B 45T 2K

I PR R HERE DT I T (LER T 2/3 R~
FRAL RGN T 28  JE i 22 , A IS S Hc it
) THUE CR AT B, Sem Al B IRT HE6E , B
PEFLIRE AR 2/3) 0 S BEAH 9C SCHR S o o 15
T L, AR € HAE K, YU AS [ E J 3Cm)
BN L WK 4
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Table 4 Humid ratios by different irrigation methods

T HiZF ~ T 4K B IE A 0

Irrigation method Bud ~ bloom stage Shoot growth
& HE Pipe irrigation 0.5 0.6
T Drip irrigation 0.3 0.4

RSN R Y R ~ PRHR
Fruit expanding Fruit maturing Harvesting ~ dormancy
0.6 0.5 0.6
0.4 0.3 0.4

A R H 7 S o AR B L A L D
1.3.4 X TFTRZFHF ARG REDKETH
HRERFR KW, - Wo=Wp+ K+ P,+M-ET-F
- Ro Xt W, W, 35 BOR B BEP) 2 m )2
PR K B, Wy 2 Hy 350 3 Vi U2 84 o 4 o )
K, HTAC2AETNE R L)ZRN 2 m, AR
AT, K BB R KRR B, P A SR
M A B TR R, 5 IR 4 BRI L p
PEATHTRL A RN PRE K i Moy = pM, ET B BEIN
YEWIFRoKE, F IRZBIE, R W RZE R =, D
B34 2R mm,

H#E 4+ 2T, # T KR T 60 m, XL
ERERbS , SRR K AE LI i AR TR B AT
WX LAAN, HIE K F R A 20 1R 7 e
HH:W, - W= P, + M — ET, ULA) R B Tt
8,24 2 m N R R AR E e 1 BRAS, BIAR
FEHEK o

2 HERE A

2.1 HFRMBEAERNESSERSERFE

oM HT , ARAT v BRI G S IR AN [R] K SCAF 1Y)
FeAr 5AE T/ HE BRI R (5~ 8) .

SMAT AR I 7K A U K s T 7K
S FIE K R B AR A [R], 7K B2 v 7 B AR I 01 0
e N

R FEAEIE 5 7T E A e, 92D T I KRB
FIHE AL o 280t i 5 7K S T VR VRE R e 21 4 31
A 15.15.10.15 mm, B # D> 25.20.10.25 mm, {§

Note: The ratio in the table can be adjusted according to real conditions,

THAE R AR/ 1 U 7K 5 W 28 ot o ik E VR
EHIR > 10,15.5,10 mm, EH# > 10,15.20,20
mm, T2 1 IRHEK

PAAPREE 7 VA0 LL , B TR AR T LA, B
i PP 8 43 HE AN [) 7K SCAR HE 1T 15 7K 30 ~ 80 mm,
AEFEHERT T2 20 ~ 70 mm,
2.2 ¥RARYEHEAMESERHENXR

B ZETFAEIT : NFE 5 ~ 8 AT LA H, SR M 4R 1)
T K 305375 PSR 3] 28045 W 25 T AR 1) 13K oy 22
KOWIIATERM K, PR LER(3~5
FAn) 2 AT SUAE AR (3 A R A AR
BRI SRR SR HE W 2 AR AR R

BAHIER T 5 7 0 2 8 b m RSE R A K
KA A FE T RS A 22 30 d, HTAY
IEREA, SR A 0 A= BHLRE HE 8, A B 1k SR 4 25 K
g7 ARG T 520 B K

ARG R E X 6 A TRIZ T AN
AEZEE AR AR TR K o3 R AR ZE o0k FE v
AT I R A T S B A S R R R 8.9 A, — ik
SR T 2, VKON AR KA A TR TR I

KM = RBI : AR SCAr A2 B, 986 )1 1 XS SR
SR ACTHE A HL DRAIE SR 2 At Ry AR 2R R AR
Bl R 3K o 2

T UL, 26 5 ~ 8 FR /K i ] v /K i
AN TR R R UE 28T %) V8 TR o, 2 A R T X K %
U5 UL R BC AR A A o BAR B B4, 7 EEAR
Fir SR el 11 - 98K AR e 30 A K TR SR A A o
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Table 5 Full irrigation scheduling for mid-ripening apple in different typical years
WE/KZE B Trrigation amount/mm
o i Tk T e
L7k {Eﬂ( qulﬁj Wetness year Normal year Drought year Extreme drought year
Phenophase Imigation
op time THTE I THTE I THTE i T i
Drip Pipe Drip Pipe Drip Pipe Drip Pipe
irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
4 HFA] Late April — — — — — — 45 65
FREIE R 5 J A Early May — — 40 60 40 60 — —
Shoot growth 5 1 1] Late May 40 60 — — — — — —
6 HHH) Mid June — — — — — — 40 60
SR 7 H EA Eardy July — — 30 50 40 60 — —
Fruit expanding 7 HFf] Late July — _ _ _ _ 40 60
R~ PRI o 1 epi ) Mid September  — — — — 40 60 — —
Harvesting ~
dormancy 11 A 4] Early November 20 30 15 20 — — 40 60
A1 Total 60 90 85 130 120 180 165 245
b R R T K S ), — " R AR 2K . 6~ 8T,
Note: The table only shows phenophase that irrigate is needed (the same to table 6 ~ 8) .
F6 ARKIERHMMIETE D ERS E
Table 6  Deficit irrigation scheduling for mid-ripening apple in different typical years
HE/K B Trrigation amount/mm
o i okt T ey
Wi {Eﬂ( ﬂﬂ-‘IﬁJ Wetness year Normal year Drought year Extreme drought year
Phenophase Iigation
ophase time T i THTE i e i e i
Drip Pipe Drip Pipe Drip Pipe Drip Pipe
irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
4 J1'F A Late April — — — — — — 45 65
BRI & B B N -
Shoot growth 5 H LA] Early May 40 60 40 60
6 J1 £ Mid June — — — — — — — —
6 J1 T~ Late June 45 65 — — - — 45 65
o7
RIWR g ) Bty y — — 30 50 — — — —
Fruit expanding
7 H ] Mid July — — — — 40 60 — —
R~ PRI o 1 ehi ) Mid September  — — — — 30 50 40 60
Harvesting ~
dormancy 11 A L4 Early November — — — — — — 20 30
43t Total 45 65 70 110 110 170 150 220
3 3w Tl S P TR T 1) e 0 SR Bl S B s AR T R
> B

Ty S 25 3k A T I X SR 4 A
R 1 U R, A5 T b oo D V) 8% X e A A B
HAEFERWE ISR BTN 4—5 H, X 54
SCHH—20, ARSI TR AT , X H SRR E H ARy
ST IE R 8 2 WOK, 43 BAE 3 H R Al (FE T
A FT 6 AT Ay CRAZEGE B CHT) | 450 R i
BEE B33 M 90 ~ 120,50 ~ 60 mm, K HE A T A
SCER MRS SRR REZ ] . TR X
R K i S AR YA BE SR I i A R AR ) 22 57, AR

W75 X — B 6 H ik AT 2=, 4E 7 0 A
R/ T HEAK T ELAT A7 oy R B K 5. 11 A
—BUE 3 AR FE K RAEPR LA R, H 24
IR KAS L 50 mm, Q015 644 i SR T+ 36K 2R
JE SRR RIIT 120 d /K5I FE, 21 F 2205 2 Al
— AN KAy . BRI, A SRR R AR TR
NS +- HEh A7 A 0K AT, BRI R A UGN
FIFAHANBAE AT B AR F o # BTII B K 3 5 B
KT AR SEREATE . a6, KA 25 Rl -
R MR SR S 8 R A, R B 2 B 7 2,
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oI TR A RSOR T B AR B X IR 173~ 07 o B AN X A 5] dn A g 2R B — & 1 BF
2/3 a2 v S A EAR L TEVROR EE X g0 IR S R AR X e M EE R
BTG, N R 2 X IR . I BMEIE SO % (¥ T8 K AR 4 19 A0 S VB o
AR, ZETVOKHE B AR S B A M O BOK 1 SERAR R | A ORI i R B2 MR/ i — Bl e k]
RIS EEIR I THRR XSS 2R AT KA B DU AP SR Bl i

RT AEKIEBRAMITE T ERFE
Table 7  Full irrigation scheduling for late-ripening apple in different typical years

WEIK EH Trrigation amount/mm

Sk SRS PR AR TR Fp AR
L7l 3] {E? N fFl Wetness year Normal year Drought year Extreme drought year
Phenonhase Irrigation
P time T i T T T I e I
Drip Pipe Drip Pipe Drip Pipe Drip Pipe
irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
4 A FA] Late April — — 30 50 — — 40 60
B 4 _ _ — — — —
Shoot growth 5 H I f] Early May 40 60
5 A T ] Late May 40 60 — — — — — —
6 J1 ] Late June — — — — — — 40 60
N 7 A 1A] Eady July — — 40 60 40 60 — —
Fruit expanding 7 J tf4) Mid July — — — — — — 40 60
8 A A Late August ~ — — — — 30 50 — —
Tk
R ~ PRI A F
Harvesting ~ 25 35 20 30 15 25 40 60
Early November
dormancy
A 1T Total 65 95 90 140 125 195 160 240
K8 ARKIEBRHAMMIET D ERS E
Table 8  Deficit irrigation scheduling for late-ripening apple in different typical years
HE/KZE B Trrigation amount/mm
e L4 oA T HE A
Wi %7J< ﬂﬂ-‘IﬁJ Wetness year Normal year Drought year Extreme drought year
Phenophase Iigation
ophase time T i e i e i THitE i
Drip Pipe Drip Pipe Drip Pipe Drip Pipe
irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
4 JI'F A Late April — — — — — — 40 60
HAHIE R .
Shoot growth 5 J1 _BA) Early May 30 50 40 60
5 H 4] Late May 20 30 — — — — — —
6 H T A Late June — — — — — — 40 60
A 7 A1) Mid July — — 30 50 — — — —
Fruit expanding 7 F R 4] Late July — — — — 45 65 40 60
8 H L fi] Early August 35 55 — — — — — —
f& 1“39& 1ALH — — 15 25 30 50 30 40
arvesting Early November
dormancy
43t Total 55 85 75 125 120 175 150 220
4 2 B I I1) B o 7K e 28 LB A IR MR SR o . v
= o)

AR T HEBEAE BT AR K AR R RAE Y, AR T
1) AFUSGSERAS R K SCAFE R R ANRE , ANE 0 RERAE R AT 000 7 2 5 R 20 o 7 00 THE 25 7K
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SCAE AE 7070 VR R Y 4 4y 7 A

2) H B T4 TR AR VR I AR P KA TR
AR R AR KRB B R 2.3.3 .4 IR, AH N T
SEHRETE R 60.85.120.165 mm, 5 9E K 90,130,180,
245 mm; AE 703 HE LA K SCARE IIRE K IRECh 1.2.3,
4 YR, AF N T TR A2 AR VE R 4570110, 150 mm, 55
4 65.110,170.,220 mm,

BS80S AR 7 7K SCAR I TE K R B0
A 2,344 WK, R N T IR R AU T R 65.90.,125
160 mm, &N 95,140,195 .240 mm; JF 7570 BE 4%
IKSCAEROTHE K UK 2,33 .4 UK, FH 7 37k 74 T =2
Bioh 55.75.120, 150 mm, B JE Bk E Bk 85,125,
175.220 mm,

3) MR K A 25 1, A A 1 1) SR Tl g R 2%
AT EVE ST KB 5 AR K 43 BRI
PV NTE S A IR e N SR NN
K, H SR B K 0 B R RO 5 8 I 45 o G K i
JE D8R RN SR Ay kR . S A TR
A B R A AR o P A R SR A S A

2 % X #k:
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[J]. 2 FHAE 2524, 2004, 15(11) :2055-2060..

(2] T30, F 300k, AL, 4 Bl AL R R K= R S 4b
TERT IR FE (1] . o EAOR4,2002,23(1) :25-28,46.
(3] FHE,FEEE, SRbER, 4 . VY B i B3 L e 1 K 43 )

SERRAE[J] . Mol RR2#,2013,49(7) 1 16-25.
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24%,2002,19(2) : 75-78..
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4881-4888..

(6] ZRfE%: &0 4w R ab e b K B AT (7). 7k
AR HEEIFST , 2004, 11(1) :40-42,115.

(7] RAEE, TARRE, AR e 2L, 55 0 b Hh DX 3 58 5 7 HE TR ) B F 5T
[J]. T 5 X ARk A 5T, 2000, 18(1) : 95-100.
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