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Effects of Water and Fertilizer Coupling on Yield, Fruit Quality and
Water and Fertilizer Use Efficiency of Young Apple Tree

Zhou Hanmi' Zhang Fucang® Roger Kjelgren' Wu Lifeng” Fan Junliang® Xiang Youzhen®
(1. College of Agricultural Engineering, Henan University of Science and Technology, Luoyang 471003, China
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxi 712100, China
3. Department of Plant Soils and Climate, Utah State University, Logan 84322, USA)

Abstract; In order to explore the accurate management mode of water and fertilizer supplies for young
apple tree in semi-arid area field, the bucket cultivation experiment, including four levels of irrigation as
75% ~85% (W,), 65% ~75% (W,), 55% ~65% (W,) and 45% ~55% (W,) of field capacity,
and three levels of fertilization (N —P,0,— K,0) as 30 —30 — 10 g/plant (F,), 20 —20 — 10 g/plant
(F,) and 10 =10 — 10 g/plant (F,), was conducted to study the effects of water and fertilizer coupling
on yield, fruit quality and water and fertilizer use efficiency of three-year old young apple tree. The
results showed that controlled water and fertilizer can effectively regulate the plant and leaf area growth
during bud flowering to new growth period; the highest and lowest yields were obtained by F, W, and
F,W, treatments, respectively ( compared with F,W,, yield of F, W, was increased by 139.1% ), and
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the determination coefficient between yield and dry mass was 0. 908 5. Increasing irrigation depth could

improve apple color index but it would reduce the shape index, deficit irrigation and increased fertilizer

application rates both could improve apple firmness. Increased fertilizer application rates could improve

the vitamin C content of apple under mild deficit irrigation treatment ( F,); irrigation depth had no

significant effect on soluble solids content and soluble sugar content, but increased fertilizer application

rates could improve both of them; increased irrigation depth could reduce titratable acid and improve the

sugar acid ratio, but fertilization rate had no significant effect on them. High irrigation depth and low

fertilization rate could get high partial factor productivity ( PFP), but the maximum water use efficiency

(WUE) could not be got by F, W, treatment. The maximum WUE was appeared in F,W, treatment with

yield decreased by 7.5% , water consumption decreased by 16.7% and WUE increased by 11.2%

compared with F, W, treatment. Thus, F,W, treatment was the best water and fertilizer application

combination for the young apple tree and it reached the best water and fertilizer coupling mode.

Key words: Apple tree

Partial factor productivity
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Fig.1 Reference evapotranspiration (ET ) and

precipitation of experimental field in 2013
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Tab.1 Effects of different water and fertilizer treatments on plant growth of young apple tree cm
Jiti HE K4y A H I A T T A T EHEM R~
pog:t Jupil 04 —18—05 —21 05 -22—06 —23 06 —24—07 — 26 07 —27—08 — 28 Y
W, 18.8 £1.0* 6.9+0.5° 4.0+0.6" 7.5 1.1 37.1+1.1°
F W, 21.12.1° 5.9+1.3" 3.0+0.3° 8.6+1.6" 38.6 £3.2°
W, 15.1 0.8 4.3 £0.4" 2.4+0.1° 6.0 0.4 27.8 +1.8"
W, 13.2 £0.5% 2.9 £0.3' 1.7 +0.2° 3.9 £0.2°% 21.6 +1.0°
W, 17.2 1. 6" 6.5+1.2" 3.5+0.2" 6.6 +0.6" 33.8+1.8"
V, W, 20.0 £2.9" 5.8 +0.4" 3.1+0.3"™ 8.3+0.7" 37.1+4.0"
W, 14.4 +1.0% 4.7 £0.6" 2.4 +0.2° 5.5+0.7% 27.0+2.1"
W, 12.7 £0.6* 3.1+0.4' 1.6 +£0.3° 3.6+0.8"% 20.9 +1.4°
W, 14.4 +0. 6% 5.1+0.5% 2.8 +0.2% 5.7 0.4 27.9 +0.4"
F, W, 15.5 +0. 4% 4.0+0.4° 2.4+0.1° 5.3+1.8% 27.1+2.5"
’ W, 12.0 1.2 2.9 £0.2! 1.5+0.1° 3.6+0.7% 19.9+1.7¢
W, 9.3+1.1" 1.3 £0. 3¢ 1.1+0.2f 2.6 +0. 8¢ 14.2 £2.4°
EEPER S (F (H)
Kay 31.616 " * 209.327 " * 102.156 * * 62.619 " * 98.035"
Jita A 55.389 " 274.045" * 73. 000 85. 547" 251.449 " *
T4y x Jii AR 1. 025 0. 696 4.304* 2.369 3.508
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Fig.2 Effects of different water and fertilizer treatments on leaf area (LA) of young apple tree

(a) HHEF,
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0. 01) 3 Je FIE 12 Xof 7™ &5 9 5% Wi 3% B H . %5 K F (P <
0.01) , % ¥y Joit it & A9 52 Wi 35 31 2 3% K (P <
0.05) , X FE 7K Bt (Y 52 Wi A B 3 5 7K E 58 A AL
FEE IR 35 B AR 2 K (P < 0..05) X+ 4 Ji o
T MIRE /K S R 0 A
R2 ARKELENERGKTUREE.
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Tab.2 Effects of different water and fertilizer
treatments on dry mass, water consumption and

yield of young apple tree

WA K4y THIR GRS *EIK g %
AbE 4b3 (g™ (L") (g bk
W, 780. 44 +19. 09* 276.23 +7.17* 2080.88 +38.11*

P, W,  768.78 £11.44"  252.97 +10.19"™  1962.30 +55.01™
W3 603.63 +28.26" 28.26 +9.90" 1390. 40 +35. 98°
W, 450. 14 £22. 88" 171.82 £5. 73 921.29 +37. 80¢
W, 774.26 £17.38" 269.91 +5.96""  2035.40 +33,99*
. W,  762.82+14.83"  230.16 +12.01°)  1924.15 £28. 64°
"W, 583.34:18.79° 184.44 £6.43°  1317.36 £34.51
W,  433.58 £28. 16" 157.50 £8.70" 905. 30 +22. 748
W, 649.44 £34.64"  245.83 £16.91°  1937.00 £48. 69°
P, W, 627.37 £30.94™  217.94 £10.90  1788.90 +51. 62¢
Wi 486.73 +28. 66" 180.65 +14.14°  1258.32 +30.21'
W,  378.11 £28.42° 156. 20 +6. 20" 870.35 +9. 89#
PR (F )
Koy 162.653* ¢ 1699. 485" 3558.888"
Jita A 64. 605 * 8.391 177.996 * *
IKAY X it 1.411 1. 057 7.657"

W 2 Fin it e — o AT SR i T
Yy FEK R A R R R W, > W, >
W, > W, K E— &M T, SR G4 5
wOFEKEM R SRR F, >F, >F, ik
A DAL B SR gh B T T R R L e B R K B
07 ek it 25 VR 7K ek R it A A 8 S B B Y B
THa# KR A ST R L T4 5 2 A
FEZK 82 0] LA Bz Bl L K AR 5 Btk B0 R R 4K B S L

(b) HHEF, (c) fKAE F,

Ho T TR RN RE K B A K — AR s B R K
I F W Kb B g /N (B AR B AE AR K I IE 1
FoW, Kb 3, 35 156 A S5 5 40y A 7 e 7K s JE 1) 155 100
KK, TR A R R £, T I R
HEEHFKEBEVME, KB &M T,ER™
I AR AR AR B4 51K FL W, R F W, (F, W
e oW, 8800 139. 1% ), st 4y K Ab 3 W, BE SR B
T AL B W, R BN 124, 4% w5 IR Ak 2R
F, HARIE AL B Fy 7= i P 1 T 8. 5% , il e vl I,
VHE 7K R %o 7 o 11 R ) B S R e T R A R
2.4 KEBAMERGHRLRROLL
2.4.1  JKACHEA X3P A3 TR B 0 RN

e 3 R AN TR K I A R S L 400 L 5 J5R A R 1 5
Wi o HLv, VEE K ek 9 R B L T R R S R
e S R (P <0.01) , % 3 5 35 45 UM R IE 45
Bo= A B F 0 (P <0.05) 5 i B i HOxE 32 2R LR
Jo i AN R SRS B AR S R (P < 0.05) 5 K AR
AR S R R R S s SO e
iR AR P NI

W2 3 Fin, il — o M5 R, S o IR
EMIRER N W, >W, >W, >W,;#iKkE—FM
R CERBR TR SRR R F, >F, >F, $
R E e Fo W, LB S5/ E 3 7E G
KAGAE ) F, W, b3, F W, BT &L F, W, il
F\ W, 43 B340 34. 4% F1 3. 8% , 3 13 W] 4% B 5 Bk v
TR R HE o it A St A R B v S AR A R T, IR
—EM KA, R BRRI W, >
W, >W, > W, JKE—EMKAET, B KEN
N >F, > Fy B R IAE FL W, AR d5
P F, W, ZbHF W, HF, W, 3800 10. 8% , X ik
B 5 K Ak B RT3 0 it A AR T R v S AR AR S
JE o AR ZKE b 3T 0 K S0 S SR RO R
BHAHE MW, FORBEAER LW, >
W,>W,>W, RIERMENEARA KW, >W, >
W, > W, , B I af DA HHRSE R 4B 2R 5 25 (0 4
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TOMURIE 5 K 1 B O A S i) 728 A A, 98l 8 UK
AT R R R R R R AR 18 K
2.4.2 JRABHE A X R AL b RS bR A 200

e 4 JEANTR] K HE Ak B X SRR S i S5 B Y B
Wi o JHCrp R KR0S R 4R AR R C LR RE R M TR
PO A AR S 5 R (P < 0. 01) , X 1] 8 [ T2 )

AP R R A 3 TS X SR AR R C ORTR] R
PRI P77 LE A 2 255 ) (P < 0. 01) X w95 P
FEAR R R (P <0.05) , X n] i g BR AR IR HE R
Wi AN 25 5 7K E 58 ELAR SO 32 R 4 2 3R C AAT i
PRI A2 B 5 5 (P <0.05) ¢

R3 AREKARALIE R YIE GRS RE #0

Tab.3 Effects of different water and fertilizer treatments on physical qualities of apple

Jiti A Ak 2 K534k B HOR /g i i/ (kgeem ~?) OISR RIBHEE
W, 190. 08 +3. 46" 8.08 +0. 12" 4.01 0. 18" 0.86 0. 01
P, W, 197.23 +5.50° 8.39 £0.08"" 3.86 +0.45" 0.84 +0.02"
Ws 175.05 +4. 50 8.47 £0.08" 3.36 +0.28" 0.89 +0.03™
W, 155.22 £6.30%" 8.58 +0.05° 2.97 +£0.34° 0.91 0. 03®
W, 185.95 £3. 09" 8.06+0.11° 4.01 £0. 04° 0.86 £0.03"
, W, 193.42 +2.86™ 8.28 +0. 09" 3.91 +0.34* 0.84 +0.03"
Ws 165.92 +4.31 8.37 £0. 08" 3.43 £0. 13" 0.91 +0.01°
W, 152.55 £3.79%" 8.47 £0.11* 3.22 £0.01° 0.91 0. 02"
W, 177.00 4. 43 7.74 0. 13" 3.81 20.06™ 0.86 0. 02"
P, W, 179.89 +5. 16 8.18 £0.06°" 3.91£0.03" 0.86 £0.04"
’ W, 158. 54 +3. 78" 8.28 0. 08" 3.34 +0.29" 0.90 0. 02
W, 146.73 +1. 65" 8.28 £0. 04" 3.20 0. 18° 0.92 +0.02°
VR (F E)
Koy 1125. 112" ¢ 373.364 " ¢ 28.501 " 23.436 "
Jiti A 92.107 * 67.727 " 0. 139 0. 067
K4 x it e 2.380 1.053 0.735 0.423

R4 FREKBLEIERNKERRIBRE M

Tab.4 Effects of different water and fertilizer treatments on chemical qualities of apple

A KA 4R C/ A EE Y/ EIRGY R 7 A R/ —
(mg- (100 g) ~") % % %
W, 3.84 £0.06™ 13.25 +0. 18* 11.12 0. 15° 0.48 0. 04 23.24 +1.75*
. W, 3.90 +0. 04" 13.00 0. 05° 11.01 £0. 13° 0.49 +0. 03" 22.52 +1.56%
W, 3.77 0. 06" 12.62 0. 28" 10.78 £0. 12 0.55 +0. 04" 19.81 £1.07
W, 3.72 £0. 04" 12.33 £0.08" 10.50 0. 41" 0.62 +0.02% 17.10 + 1. 25"
W, 3.61 £0. 06" 12.38 £0.06" 10.32 0. 15" 0.49 0. 04 21.14 £2. 14"
, W, 3.75 +0.05" 12.31 £0.01° 10. 41 £0. 14" 0.51 0. 03" 20. 44 0. 86"
Ws 3.59 0. 10" 12.34 £0.29" 10. 41 £0. 25" 0.59 0. 10™" 17.65 0. 10"
W, 3.50 +0. 08 11.94 +0.23° 9.90 +0. 16" 0.61 £0.10* 16.23 +0. 64"
WV, 3.47 £0.04° 11.90 £0.01° 9.91 0. 05" 0.52 +0.01%"" 19.05 £0. 42°%
F, W, 3.57 £0.04° 11.86 0. 13° 10. 10 £0. 21 0.56 +0. 01" 18.05 0. 83"
’ W, 3.45 0. 09" 11.90 0. 18° 9.92 +0.21" 0.60 +0. 02" 16. 68 0. 93"
W, 3.29 +0. 08" 11.42 +0.10¢ 9.45 +0.13° 0. 64 0. 02" 14.88 +0. 28"
BEEVER S (F (1)
Koy 65.348 " " 5.743 " " 6.416 59.857 " * 31.608 " *
Jita A 704. 005 * * 311.063 " 42.983 " 3. 687 8.304
K53 x it A 6.584 " 4.917" 0.729 2.086 3. 045
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MAEARAKALNE 9 F,W, b3, F W, iR CIb
F, W, BE 18. 5% , 3 156 B 4% 3 =5 il 3 K 0 384 Jon it
JERAHFIREERGEASE R C &R, BEARMIER
A [ T 4 R ] T S R T K R —
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Fig.3 Effects of different water and fertilizer treatments on

water use efficiency of young apple tree
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Fig.4 Effects of different water and fertilizer treatments on

partial factor productivity of young apple tree
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Fig.5 Relationship between yield and dry mass of

young apple tree
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