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Effect of optimized water and fertilizer management on
water use of Fuji apple in Weibei Dryland
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Abstract: [Objective) This study optimized the water and fertilizer management in Weibei Dryland

without irrigation to provide theoretical basis and technical assistance for high production of Fuji apple.

[Method]) A field experiment was conducted from October 2012 to September 2013 with 9 years old Fuji

No. 2. Three treatments were set up:Farmers mode (all operations were based on farmers) , existing mode
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(current water and nitrogen management technologies) and optimized mode (optimized N,P and K ratio,
reasonable basic fertilizers to supplement fertilizers ratio, black plastic film mulch under tree, grass cover in
line and combined application of organic manure). Apple yield, WUE (water use efficiency) as well as spa-
tially and temporally dynamics of soil water within soil depth of 0—200 cm were analyzed to compare the
three management modes. [Result] From June to September of 2013, the optimized mode had the highest
soil average water content at the soil depth of 0—200 cm,followed by the existing mode and the farmers,
mode. The soil water storage rose at first,and decreased at expanding stage before increasing at maturing
stage. The water storage of optimized mode was significantly higher than the other two modes. The opti-
mized mode had the highest yield (42 645 kg/hm?®) and WUE (100. 69 kg/(mm + hm?®)) ,with 44. 86 % and
53.77% increase compared to farmers mode,and 34. 48% and 36. 92% increase compared to the existing
mode. [Conclusion)] In Weibei Dryland without irrigation, the optimized mode could effectively increase the

WUE and apple yield as the most suitable water and fertilizer management method for apple orchards.

Key words:optimized water and fertilizer management; Fuji apple;soil moisture; water use efficiency;

Weibei Dryland
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RIS F 2012-10 —2013-09 7E P& PH 4 7K B ik
St AT, WU A7 T BE VSR db R R b b R &
109°16'~109°45", b £k 35°04" ~35°27", J& T K bk
P2 KU H AR AR S BRI i 570 mm, 4 bR AR {38
K.HERE 79 A ZFLPW S T8, FHR
11,4 °C, 48 M o de g e A0 43 90 o 39, 4 1
—16.7 C, LW 207 d £47. 2012-10 —2013-09
RIS A AR K i 495, 4 mm, FEILIE 1,

B Hh - AN B A 5 M b 4, G I 4%
F,0~20 em 12 ISR A& AP 11,22
g/kg, A (N)O. 74 g/kg, i B A (NO; -N) 7. 71
mg/kg, # & & (NH/-N) 2. 57 mg/kg. A 3% #
(P,0;)6. 91 mg/kg, B HH (K,0)101. 40 mg/kg.,
pH 8.11;20~40 cm + )2 + 550 & it Ry . A4 ALK
7.48 g/kg. &R (N)O0. 50 g/kg, ii 2 A (NO; -N)
8. 78 mg/kg, 8B A (NH, -N) 2. 50 mg/kg, G %4 #
(P,O;)4. 15 mg/kg, A A (K, 0) 70. 60 mg/kg,
pH 8. 00,

1.2 ik
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Fig. 1 Precipitation in apple growth period during 2012—2013
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Table 1 Experimental design of optimized water and fertilizer management in apple orchards
P y HHLE/ . .
AL (N)/ B P.05)/  FIEK.0)/ 3 36 JIE B 3 R 395 15 i
b 7 _ -, =, (kg » hm?) -~ ; A
(kg « hm™?%) (kg » hm™—?2) (kg « hm?) . Topdressing Moisture
Treatment . . Organic . .
Nitrogen Phosphorus Potassium 1 time conservation
fertilizer
Z%’F/f;irﬂk ) m%ﬁu ‘ o
Farmers 450 240 180 0 Pre-emergence . . . L
Clean tillage, without plastic film
mode stage
- ' A7 ) 7 L A 4
PABL W58 o 4 grﬂ?ciéﬁfiii%ro%ﬁd black
Existing 300 180 270 0 Middle expanding D
plastic film mulch under tree
mode stage
trunks
AT I0) el R, SO TR € R o T
" W it T 2 I 71
QU WA BI04 é\rzﬁxfl;iﬁj“i#terrow and black
Optimized 300 180 270 45 000 Preliminary expanding DR
plastic film mulch under tree
mode stage . .
trunks and spraying antitran-
spirant on leaf
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P A — B S SRR AT (R A e A1 2 1 4% Ak N
PR RS T 40 cm 44 2 40 3% B HURE 550, SR ST B
FE WS FATI R 6 DA, 7E 2013 4F 6 —9
AT AR 4% 0~200 em 4 2 33174 2 B
FECEE 20 em S 1 2) , BURE S5 Sz B4 ] 52 56 2 FR faf
+ A A KR R A E A )R AR

F K E (mm) = R KE ) X Bk
M E (g/cm®) X +)JZ B (ecm) X0. 1,
L2 & & 7R A A b 38 BE B E
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MR kg/hm? s ET 24 F WAEY) B kK &
(ZEHL D), mm; POy 32 B A K 0 09 A &R W 4t
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F K AR A mm R AR E & D AHE L
5 YINEOR 3 Th

TS X+ 8 K FEK A4 F R Fil D W] Z g AN
TR FWICREK T R 0, P, SRR K S
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R I B8 % F Microsoft Excel 2003 #1 DPS
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KLZEFARFE(P>0.05) ;7 20~100 em )2, K&
FRE SR B A 55 5 K R S e b L AR Ak
W 2 45 K AR BI5GB AR Ak
Wi BEAR /1N

XoF &y 3 1) R A 4 K R (B 2-B) 4T 4 BT
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Fig. 2 Distribution of soil water content at soil profile of 0—200 cm under

different treatments at young fruit stage

—&—. Farmers mode; —m—. Existing mode; — o —. Optimized mode
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Fig. 3 Distribution of soil water content at soil profile of 0—200 cm under

different treatments at preliminary expanding stage

—&—. Farmers mode; —m—. Existing mode; — o —. Optimized mode
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Fig. 4 Distribution of soil water content at soil profile of 0—200 ¢m under

different treatments at fruit expanding stage

—&—. Farmers mode; —m—. Existing mode; — a—. Optimized mode
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Fig. 5 Distribution of soil water content at soil profile of 0—200 ¢m under
different treatments at maturing stage
— & . Farmers mode; — @ —. Existing mode; — A —. Optimized mode
®2 FRBEEFHARAREERERT 0~200 cm + B+ P A BHIT L (2013-06—09)
Table 2 Soil water storage under different water and fertilizer managements from June to
September 2013 in experimental area mm
A ek & B K TR IR
Soil water storage Soil water storage Average soil
Qi'ifﬁﬂ inter-row around tree trunks water storage
Stage LA AR GEERX RoERX AR A R BEERX AU
Farmers Existing  Optimized Farmers Existing  Optimized Farmers Existing Optimized
mode mode mode mode mode mode mode mode mode
iR . 331. 86 361. 54 386. 27 348. 68 356.49 384.79 340.27 a 359.02 b 385.53 ¢
Young fruit stage
Jigz SR 4 3
Preliminary 488. 40 544.99 568. 80 544.99 495. 21 563.76 516.70 a 520.10 a 566.28 b
expanding stage
[ | A = ) . .
. 460. 29 465.92 490. 15 446. 35 481. 37 509. 34 453.32 a 473.65 b 499.75 ¢
Expanding stage
A 475. 84 499. 59 508. 47 474,02 487. 05 493. 48 474.93 a 493.32 b 500.97 b

Mature stage

T« AT 8O 5 e AN [/ 5B 2508 22 53k 1 35 K SF- (P<<0..05)

Note: Different lowercase letters in each column indicate significant difference (P<Z0. 05).

2.3 AEKEBEERXATERKSMAREN
T

IK 53 R IR0 R A B AR ) FE K B 5 W R 7

LIPS ORI - QI N I 7 S A o A

FRE L ORI AKONE A B R SRR 1 7 K K

RIS 3. M2 3 al A, g 58 28 i S 5 7=

TN 42 645 kg/hm?, 1 35w T AR 30, 205 b Ak

FOREE ORI ER A B U i T 44, 86 Y0 Il 34, 48 %6 s 4
B RS B e IR AUk 29 438 kg/hm*, A,
BB AR R 7 )R RE K SR A1 L K o R o e i 3R
F 100. 69 kg/(mm * hm?) , Foge 748 20 3 A 51 =X
SR T 53, TT% M 36, 92%, H =% £ F
F o UL B e] g AR A X RE A e S
it PR ZE MR 42 5 K 2 R R
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Table 3 Yield and water use efficiency under different water and fertilizer managements
AT 7k 2R
b3 J4t /(g + hm ) A 2731 B R K B /mm SRR
Treatment Yield ET (kg * mm~! ¢« hm 2)
WUE
A& PR Farmers mode 29 438 bA 449,57 aA 65. 48 cC
A B2 Existing mode 31 710 bA 431.19 bB 73.54 bB
B8 4% X, Optimized mode 42 645 aA 423.53 cB 100. 69 aA

T« RSB 5 Ar A /NG Fb 3 R os 22 5 1 3 (P<C0. 05) s i3 R Rl K5 Tk 2R 22 b 8. 3% (P<<0. 0D)

Note: Different lowercase letters in each column indicate significant difference (P<C0. 05) ; Different uppercase letters in each column indi-

cate extremely significant difference (P<C0.01).
SH 2 I 7

3.1 ARKEFHMNERETEKSSENF T

AR A B o A B A B K A TR R 4y
AR 1 AR R K B P s B 5 Ak 3T
A RO A T 2 e AR v K AR R DR R SR
A AT S0 P e S ) TR 189 5 K R A e A i Ak P
L WISEAERS RS R AR ORI AT B AL B AR
U5 P v il bl - 2= LR ITOK RE . AR BESE AR K
WY e AL S5 TE W A 1F T L SRR AR R
R 87 o IR A I A A RO O AR T L L TRT
Tt AT AL 45 5 it 4 8 A 61 357 2K HE A8 B 5 0 ~ 200
em bR BB K R HIFOKE IR S TR
fla b B, DA AT RE i A HLAC s T AL Bk
DU o A2 1 ARG P DA SR B RS ol DA TR 22 i 0 ) 20K
PEFIFF 7K RE 1 5 58 B o5 302 1 O e 2 WOC e Ak F
gL T B AR T b e R B S e L B
R S S A T UL I R U 22 . vl A L AR DAL TG i
AT R HEOK O3 B8 S A R o R el R B
JE HA 8 /e 7 2 ] A RO R L a0 b
Ky 785 R I TR A HE K R o il K 7 A T
B AR - T A T AR A I B S RE RS B AL A R
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