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Cooperative Regulation of Water and Fertilizer in Drip Irrigation Apple
Based on Multi-objective Comprehensive Evaluation

ZHOU Hanmi SUN Qili ZHANG Shuo WANG Shengsheng QIN Long LI Xinping
(College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract; In order to explore the best water-fertilizer cooperative control system for apple tree planting in
semi-arid northern China under the condition of integrated drip irrigation and fertilization, two
experimental factors (irrigation and fertilization) were set, among which irrigation was 75% 6, ~90% 6,
(W1), 65%6,~80%6,(W2), 55% 6, ~70% 6,(W3) and 45% 6, ~60% 6,(W4) of field water
capacity, respectively, and fertilization mass ratio of N, P, 05, K, O to air-dried soil was 0.9 g/kg,
0.3 g/kg, 0.3 g/kg (F1), 0.6 g/kg, 0.3 g/kg, 0.3 g/kg (F2), and 0.3 g/kg, 0.3 g/kg, 0.3 g/kg
(F3), respectively. The effects of cooperative regulation of drip irrigation and fertilization on the growth
physiological indexes, dry matter quality and yield, fruit quality and water and fertilizer use efficiency of
apple trees were analyzed. Finally, an apple comprehensive index evaluation model aiming at high
efficiency, yield and fruit quality was established based on TOPSIS method. The results showed that
under the cooperative control of drip irrigation and fertilization, the maximum values of apple tree growth,
basal stem growth and leaf area appeared in F1W2 treatment. The net photosynthetic rate, transpiration

rate and chlorophyll content of apple tree were basically increased with the increase of irrigation amount
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and fertilizer application rate, and the maximum values appeared in F1WI1 treatment. There was no
significant difference between F1W1 and F1W2 in dry matter quality and yield during the whole growth
period, and the maximum value of water use efficiency and water productivity appeared in F1W2
and 11.1% compared with that of FIWI1 treatment,

respectively. Fertilizer partial productivity was basically increased with irrigation increasing and fertilizer

treatment, which was increased by 10.6%

decreasing. Increasing irrigation amount was beneficial to increase apple color index, fruit shape index
and sugar-acid ratio, and increasing fertilizer amount was beneficial to increase apple fruit quality,
vitamin C content and soluble sugar content. The TOPSIS multi-objective comprehensive evaluation model
was established by synthesizing 17 indexes of four categories, and the final weight value of each index was
taken into the calculation. It was concluded that the closest degree of FI W2 treatment was 0. 765 3, and
the comprehensive index evaluation of apple was the best under this treatment, while that of F3W4
treatment was only 0.258 3. In conclusion, FIW2 treatment under the cooperative control of drip
irrigation and fertilization was the best water and fertilizer management system for apple trees.

Key words: apple; drip irrigation and fertilization; cooperative regulation; growth and development;
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Fig.2 Physiological indicators of apple trees under different treatments
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Fig.4 Water and fertilizer utilization efficiency of apple trees under different treatments
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(3.61 £0.12)™  (11.20 £0.42)™  (22.04 £1.07)"

(10.92 0. 11)®  (18.89 £1.16) %"

w1 (160.14 +10.87)*  (4.05+0.05)" (1.13 £0.04)™  (3.45+0.12)™  (10.74 £0.15)™%  (23.78 £2.34)
o w2 (167.61 £10.64)*  (3.95+0.25)™ (1.12+0.03)*"  (3.58 £0.11)™%  (10.83 +0.44)"  (22.88 +0.85)"
w3 (140.11 £12.09)® (3.47 £0.21)™% (1.10 £0.03)*  (3.43 £0.16) ™%  (10.83 £0.55)*  (19.55 +0. 19)
W4 (126.74 £11.57)> (3.26 £0.10)°  (1.10£0.01)%*  (3.33 +0.14) % (10.32 0. 13) (17.98 £0.48)
Wi (151.19 £12.20)*" (3.85+0.02)™ (1.09 +0.09)®*  (3.31 £0.11)"%  (10.33 £0.35)°  (21.34 £0.28) "¢
. w2 (154.08 £12.94)™ (3.95+0.06)™ (1.07 +0.08)®  (3.40 +0.10)°*  (10.52 +0.51)"¢  (20.08 £1.19) %
w3 (132.73 £11.55)% (3.38 £0.38)"¢  (1.06 +0.08)**  (3.28 +0.16) % (10.34 £0.50) (18.51 £1.32)
W4 (120.92 +6.13)°  (3.24 £0.27)°  (0.99 £0.09)" (3.12£0.14)° (9.87 +0.43)¢ (16.47 £0.10)"
HEK 844.222 " 22.857" 45.656 " 42.024 5. 165 37.214*
F Jiti A 961. 944 * 0. 125 2.353 3202. 905 ** 29.195 " 7. 860
HEIK x it BE 1. 465 1.297 1.773 11.566 * 0.977 2.558

TE - A BV BCT R A R /ANG 5 Ry R AS ) A B i) 22 7 25 (P < 0.5) 5 s R 22 S 35 (P <0.01) , » FoR 2253 3% (P <0.05)

RIEHEHL

Jiti A A ) S SR A R C & R R BN A
PRI g W2 W1 W3 W5 9 oK A [R] i <2 2 4
AR CHREIMKK FLLUF2 F3 48 K C & i
RORAH A BUAE FIW2 4b B, e /ME H BLAE F3W4 4b
HLFIW2 L F3W4 380 19. 9% , 33 Ui B 42 8 5 K
AN S A R TR R SRR 4E AR C R
TR KON S SR T R B R R 3 SR AT
Bl il R E RO FLLUF2 F3, @IS FL OB F2
F3 Qb B340 S. 4% (8. 4% , 3X 1L B 1 i AE
AT B v SRR S AT R S A A X SRR
R LU AN 035, SO NE B — 52 WY 25 AT, S SRR R
P R BN BRI WL W2 W3 W4, 5873 itk
W1 AR B 5 K W4 4b BB AR LG S 3 3
30. 9% , 33 15 W38 0 9 /I i AT — S T JRE B g S SR
(4=

2.6 ERWMERZFITFMRE
2.6.1 SRRSO R

3 5 3 0 1 T S B ) 0] 2 08 7 SRR 2 K A
AR TR SRS B L S OK HE A AR
A RALEE 2R AHP JZ 007 12 ARSI X 25 P —
FEAR I B HEAT 32 WA KA , 2R ) 1) FH 2 5 AL i
SRIBA MR RZACE . SR TOPSIS % #57 LLR AL
A O AR R ER B R AR PN B (] S) , 5
SRR R A F AR K AE P4 B o (AT Yaahp B
HESL IR LR K EE I 2 & (18] 6) LR G TP R
b C HARZEA 4 AHENZ 235000 - AR KA R bR CL
AKREF ARG bR C2 A=W o F™ b5 C3 R S8
Al AR C4o 4 HENZ A8 17 MEtR)E
2.6.2 JEARAUE B E

(1) 2T Z Wik (AHP) 75 A E

JZR 5 M ik (AHP) & — F o ] 32 WAL %
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Fig.5 Structure block diagram of apple tree growth comprehensive evaluation model
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Fig. 6  Hierarchical model of comprehensive growth indicators for apple
MR K] 6 37 13 SR A K 25 B PE A J2 R 5 4 X 45 c - [ 1 0. 25] 7
FERREATEEA T . TR AR 1 ~9 1 Tle
AR FE v 44 BE25 DV A 48 B5 X i JBT 52 Wikl 1Y) o A ol 53 1 2 20
oy AT J2 8 A AE X T b — A B 1 0 T R R O AT 0.2 1 1 0.25 0.5 0.3333
— PRI AR B A N IR AR L & c 03333 1 1 025 05 05
i JZ AW A S 2R B TR bR C A K ) 144 2 3
A PR bR C1 K ER FHACR 8 bR C2 A= ¥y ot & A ™ 0.5 2 2 0.5 1 1
AR AR C3 RS2 5 48 s C4 19 ) W 5 14 43 ol ok L 0.5 32 0.3333 1 L
(BRI Tk AP SR WSk [17]) (8)

1 3 0.2 0.3333
0.3333 1 0.1667 0.125
s 6 | 4)
3 8 1 1
1 0.5 0.25 0.1667 0.1667 0.57
2 1 0.25 0.1667 0.1429 0.5
4 4 1 0.3333 0.5 2
€ = 6 6 3 1 1 4
6 7 2 1 1 4
2 2 0.5 0.25 0.25 1]
(5)
1 0.3333 0.5
C,=|3 1 1 (6)
2 1 1

e 3 Fron AR K AR BIR bR KIS I 2805 4R
bR AW SR R R AR AR RS A TR B A0 R 56 4
CR E/NT 0.1, Ui B — B A 90 25 R B ae, BT o
4 S DRI R R B AT B R T S AR R, SR
A TR bR A B B MKy 77 i (C32) (4R 2R
R C & (C44) R (C41) T B (C31) |
PR FE (C46) (Al PEHE & 5 (C45) (&R & &
(C14) DLEER(CLS) LA (C43) H O
(C42) JRIpHEF= A (C22) A A4 7= 71 (€C23)
HAL(C13) &I R (C16) KA AR (C21) |
B R (C12) MHRAERKE(CID)

(2) ZETRGE T AR
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Tab.3 Weight calculation based on AHP

JATAE  mARE B RS H(CR <0.1)

0.1221  0.1221
0,026 0.0526 CR=0.0284 <0. 1
B C 0.4297  0.4297 o 9638 3
0.3956  0.3956
0.0429  0.0052
0.0530  0.0065
. 01619 0.0198 CR=0.0172 <0. 1
M 1 0.3372  0.0412 For o378 5t
0.3194  0.0390
0.0855 0.0104
0.1692  0.0089
WM C2 0.4434  0.0233 CR=0.0176<0. 1
0.3874  0.0204 0 563 3ot
" , 0.2 0.0859 CR=0<0.1
M €3 0.8 0.343 8 o B 3 3o
0.2779  0.1099
0.0637  0.0252
" 00737 0.0292 CR=0.0094 <0. 1
MR C4 0.3030  0.1199 3 5
0.1398  0.0553
0.1420  0.0562

T :CR R BiHL— 2tk 3R, CR /T 0.1 WA 6l 3, J2 R 4y
Wik & RA R

TR AN L R AR A B B 5 T
X0 G R A AT L PR T R S 4
U M H bR KT A2 4 (LM 7 i
B SCHk[17])

34 TS B R R B v 3 I
HR(C16) SEIAEH(CA3) K 4 2 3 (€22) |
YA A (C15) R R E 7 (C23) L R
(C32) SRR (CAL) I AL(CI3) I % &
F(C14) BERRIL (C46) % (4540 (C42) T4 /%
FE(C31) K 40 TR (C21) T 5 4 B o
(C45) JE2EA KR (CI2) /B % C Ak (C4d)
Bk KA (CLT)

(3) 4L A AL

BEW = (W, W, W,) N R AT 8 R AL
HALAAE. 45 W, (j= 1,2, ,n) FAH W M
WA B W, K

W,=aW, +(1-a)W,~ (9)
Rp o HAAREL0 <a<l, W' IR
PR O AR R AT | - o RTEI
1 2 TR PR R R LT 60 B, W R W R R
55 j 4B 0 % DURLTE . DL 7 A I ML R
4 LT AN AL KT 22 1] B 25 53 40 7 , A0 T (8

x4 BTHNETENBERNE

Tab.4 Calculating entropy value and weight based on entropy weight method

EERaN Cl11 CI2 C13 Cl4 C15 Cl6 C21 €22 C23
pRiE 0.9360 0.9300 0.9070 0.9110 0.903 0 0.8380 0.9240 0.894 0 0.904 0
B 0.040 5 0.044 6 0.0596 0.0570 0.0618 0.1030 0.048 4 0.067 4 0.061 1
EERaN C31 C32 C41 C42 C43 C44 C45 C46

T 18 0.9190 0.904 0 0.906 0 0.9160 0.8670 0.9310 0.9280 0.9120

& 0.0519 0.0610 0.060 1 0.0535 0.084 6 0.0437 0.0458 0.056 2

A5 AU Z 1) B9 22 53 20 B R SCH A BB
Min¥= 3 LCW, =W ) +(W,-W )] (10)
XA (10) AR IR HAET 0, /e =

0.5 1]

W =0.5W +0.5W" (11)
IEER e TS S e TP N S
Why ek (C32) FAR T (C41) Hi/ER C &4
(C44) T4t (C31) TR HL(C43) F M6 i K
(C16) WEMR L (CA6) T IEMEME S i (C45) DL

H(C15) G EFH(Cl4) KA HR(C22) B
B A 77 91 (€23) AR (C13) 3 (A % (C42) |
AKAY RIS (C21) 284 K (C12) Al kR AE K
H(Cl1),

2.6.3 TOPSIS 22 &5 TFH Al &

TOPSIS 2 fift $h 2 H b bk 56 43 7 il 581 14 — o o5
FIJ5 4, #th 24 B AR B0 B AR A iR 4 B b5 (4
) YRR A R B B AR A e ) 1 e AR A UG O
JEE 9 /N HE R G T B BB AE O ~ 1 22 il 3% {0
PEE 1, F R AR B M B bR M3 T B IR K

®5 BTFASEMETENNE

Tab.5 Calculated weight based on combination weighting method

EiERaY Cl11 C12 C13 C14 C15 C16 C21 €22 €23
& 0.0229 0.0255 0.0397 0.049 1 0.050 4 0.056 7 0.028 6 0.0453 0.0407
EEE Y C31 €32 C41 C42 C43 C44 C45 C46

A H 0.068 9 0.202 4 0.0850 0.0393 0.0569 0.0818 0.0505 0.056 2
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Vs RZ L ZAE B 0, KO8 W B bR B R
FHKF o BT ALA WAL TOPSIS Z5 & K 7 X 4%
845 25 5 VAN, IE O 45 AR 58 4L RS, i 57
BT A A BCE W ORI AL IE AT A R 3T 5 4%
T b B0 2HAR i K O A0 R (BB O ik A D 3R AL

CHR[17])

HR 4% TOPSIS 1% 45 4b B () 25 SR an 5% 6 B,
FIW2 Gh IS 25 A48 b W B f K, Ol 0..765 3, 1t
WA R SRR LR A e A, FIWT b Bk 2,
1M F3W4 b H iz 25, {08 0. 258 3,

#6 ET TOPSIS WERBAEHFTINER

Tab.6 Comprehensive index evaluation results of apple based on TOPSIS

Ab g CI11 C12 C13 Cl4 C15 C16 C21 C22 €23 C31 €32
F1W1 0.095 4 0.1027 0.0980 0.091 1 0.098 3 0.098 0 0.0838 0.079 1 0.0857 0.095 4 0.1103
F1W2 0.1020 0.1028 0.1049 0.0877 0.096 2 0.086 7 0.092 6 0.0879 0.0840 0.096 0 0.108 2
F1W3 0.089 0 0.0839 0.084 2 0.0840 0.082 6 0.080 5 0.0856 0.086 0 0.062 8 0.087 2 0.080 8
F1W4 0.078 7 0.067 9 0.0752 0.0797 0.076 4 0.0771 0.0827 0.084 6 0.0433 0.077 4 0.0558
F2W1 0.087 8 0.098 0 0.0895 0.0877 0.094 3 0.094 8 0.083 1 0.078 4 0.1033 0.089 5 0.106 4
F2w2 0.0929 0.098 0 0.0956 0.0849 0.0910 0.0854 0.0889 0.086 0 0.104 1 0.089 5 0.107 2
F2W3 0.081 4 0.0805 0.078 1 0.0823 0.0815 0.079 6 0.085 4 0.087 1 0.073 6 0.0822 0.0758
F2W4 0.074 8 0.063 6 0.0716 0.0789 0.0717 0.0754 0.079 6 0.084 2 0.0512 0.0728 0.0528
F3W1 0.084 2 0.0897 0.0801 0.084 1 0.084 2 0.0875 0.0804 0.0780 0.1248 0.086 1 0.096 4
F3W2 0.0789 0.088 7 0.0850 0.082 6 0.081 1 0.0805 0.084 1 0.080 6 0.1210 0.079 5 0.093 4
F3W3 0.072 6 0.0716 0.072 4 0. 080 2 0.0740 0.078 8 0.078 5 0.0838 0.086 7 0.0758 0.0669
F3W4 0.062 1 0.0526 0.0655 0.076 9 0.068 5 0.0757 0.0755 0.084 2 0.059 6 0.068 6 0.046 0
b H C41 C42 C43 C44 C45 C46 D+ D - Ik 35 g Hey

F1W1 0.093 2 0.0929 0.0872 0.0885 0.088 0 0.098 3 0.3400 0.879 1 0.7211 2

F1W2 0.094 6 0.091 8 0.086 4 0.0900 0.089 7 0.1013 0.278 2 0.907 2 0.7653 1

F1W3 0.084 6 0.078 0 0.0849 0.086 9 0.0869 0.087 6 0.4637 0.5940 0.5616 5

F1W4 0.073 4 0.069 0 0.0811 0.086 5 0.084 8 0.0750 0.702 1 0.4262 0.377 8 9

F2Wl1 0.090 8 0.092 8 0.086 0 0.0830 0.083 4 0.094 4 0.4150 0.743 4 0.6418 4

F2W2 0.095 1 0.090 6 0.0856 0.0863 0.084 1 0.0909 0.3538 0.7719 0.6857 3

F2W3 0.079 5 0.079 6 0.0838 0.0826 0.084 1 0.077 6 0.560 4 0.4802 0.461 4 8

F2W4 0.0719 0.074 8 0.084 3 0.0803 0.080 1 0.071 4 0.8027 0.290 4 0.2657 11

F3W1 0.0857 0.088 2 0.0830 0.0797 0.080 2 0.084 8 0.5388 0.566 0 0.5123 6

F3W2 0.087 4 0.090 6 0.0818 0.0820 0.0817 0.079 8 0.5328 0.546 2 0.506 2 7

F3W3 0.0753 0.077 4 0.0807 0.079 1 0.0803 0.0735 0.707 4 0.3222 0.3129 10

F3W4 0. 068 6 0.074 3 0.0753 0.0752 0.076 6 0.065 4 0.9206 0.3206 0.2583 12
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