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Effects of drip fertigation technical parameters on apple fruit quality and

comprehensive evaluation
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Abstract: [Objectivelln order to explore the impact of different drip irrigation and fertilization techni-
cal parameters on apple fruit quality, the comprehensive evaluation method was used to evaluate the
quality of apples, aiming to select the optimal combination of drip irrigation technology parameters and
provide a basis for apple water and fertilizer management.[Methods]Two capillary tube arrangements
in one row (P1) or two rows (P2) were set up, and the distance between two drippers of 30 cm (D1) or
50 cm (D2) was set. Two fertilization cycles of 15 days (T1) or 30 days (T2) and two nitrogen fertilizer
forms of urea (U) or urea ammonium nitrate solution (UAN) were applied. The anthrone colorimetric
method was used to determine the soluble sugar content, the handheld refractometer was used to deter-
mine the soluble solid content, the GY-1 hardness tester was used to determine the fruit hardness, the
UV spectrophotometer was used to determine the vitamin C content, and the sodium hydroxide titration
method was used to determine the fruit titratable acid content. An electronic balance was used to mea-
sure the single fruit weight, and a vernier caliper was used to measure the length and breadth of the
fruit. The apple fruit weight, soluble sugar content, vitamin C content and other quality indicators were

analyzed with different drip irrigationchanges in technical parameters. Fruit shape index was the ratio of
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the longitudinal diameter to the transverse diameter of the fruit, the sugar-acid ratio was the ratio of the
soluble sugar content to the titratable acid content, and the solid-acid ratio was the ratio of the soluble
solid content to the titratable acid content. The statistical software SPSS 24.0 was used to perform vari-
ance analysis and Pearson correlation analysis on the experimental data, which were used to calculate
the weight of the TOPSIS model of CRITIC method, entropy weight method and CRITIC- entropy
weight method. [Results] The results showed that the arrangement of capillary tubes and the distance
between the emitters had a significant influence on the weight and vertical and horizontal diameters of a
single fruit, but had no significant influence on the fruit shape index. The capillary tube arrangement
had a significant effect on V¢ and soluble sugar contents, but had no significant effect on quality indica-
tors like soluble solids and titratable acid contents. There was also a significant interaction between the
capillary tube arrangement method and the drip irrigation spacing in terms of the influence on the single
fruit weight, the vertical and horizontal diameter and the vitamin C content. The results also showed the
soluble sugar content with two tubes in one row was higher than that with one tube in one row. The dis-
tance between the emitters had a significant effect on titratable acid content, soluble sugar content, vita-
min C content, sugar-to-acid ratio, and fruit hardness. The indicators with a 50 cm distance between
emitters were higher than those with a 30 cm distance between emitters (except for titratable acid con-
tent and hardness). The fertilization cycle had a significant effect on the titratable acid content, sugar-ac-
id ratio, solid-acid ratio and fruit hardness. The 15-day fertilization cycle was higher than the 30-day fer-
tilization cycle (except for titratable acid content). The form of nitrogen fertilizer had significant influ-
ence on the four indexes of single fruit weight, soluble sugar content, sugar to acid ratio, and fruit hard-
ness. Compared with U, UAN increased the four indicators by 9.71%, 42.27%, 47.37% and 5.25%, re-
spectively. The form of nitrogen fertilizer had no significant effect on the other appearance quality of ap-
ples, but the UAN treatment had a tendency to increase the longitudinal diameter, transverse diameter
and fruit shape index. Using the subjective and objective combination weighting method, the weight val-
ue obtained by vitamin C accounted for the largest proportion in the evaluation of apple fruit quality,
and the others were soluble solids> hardness> titratable acid> sugar to acid ratio> fruit shape index> sol-
id acid ratio> soluble Sugar> single fruit weight> longitudinal diameter> transverse diameter. The Pear-
son correlation analysis between the comprehensive quality ranking of apple fruits with different treat-
ments and the ranking of single quality indicators obtained by using the TOPSIS method showed that,
except for the shape index and hardness, the ranking of other quality indicators was positively correlat-
ed with the comprehensive quality ranking. Fruit diameters, soluble sugar content and sugar-acid ratio
were significantly and extremely correlated with the overall quality ranking, and were significantly posi-
tively correlated with single fruit weight, soluble solids content, and solid-acid ratio. There was a signifi-
cant positive correlation with the sugar-acid ratio. It showed that the TOPSIS method can be used for
the comprehensive evaluation of apple quality. The quality ranking was suitable for the comprehensive
evaluation of fruit quality.[Conclusion]The TOPSIS model based on subjective and objective combina-
tion weighting was used to sort the comprehensive evaluation indexes of apple quality, and the technical
parameters of drip irrigation and fertilization with the best comprehensive quality were that, one row
and two tubes were appropriate, the distance between drippers was 50cm, the fertilization period was 15
days, and the form of fertilizer was urea ammonium nitrate.

Key words: Apple quality; Capillary tube arrangement method; Emitter spacing; Fertilization cycle; Ni-

trogen fertilizer form; Subjective and objective combination weighting method
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Fig. 1 Rainfall distribution during the experiment
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Table 1 Experimental program of drip irrigation

fertilization technical parameters

W R el e
Deals  Capillary arrangement Drlpper Fertilization
spacing/cm  cycle/d
PDT, —47—% One tube per line 30 15
PDT. —47—% One tube per line 30 30
P.D,T, —47—% One tube per line 50 15
P.D.T. —47—% One tube per line 50 30
P.D'T, —47Pi% Two tubes in one row 30 15
P.D/T. —4T#% Two tubes in one row 30 30
P.D,T, —47P% Two tubes in one row 50 15
P.D.T. —47#% Two tubes in one row 50 30
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Table 2 Details of irrigation and fertilization under different fertilization cycles

it R [EIBE A Fertilization cycle/d

EH W H 4 15 30
Growth period Date . = N
’ N% POJ/% K.O/% }Eiﬂgz%on volume/mm N%  POJ% K.O/% i%ijg{a%on volume/mm

1 2 44 3 A 21 H Mar. 21 10 75 4 6 20 15 8 6
Infancy 4 H 6 H Apr. 6 10 75 4 6 0 0 0 6
FFAEHA 4 A 22 H Apr. 22 10 75 4 6 20 15 8 6
Flowering period 57 9 H May 9 10 75 4 6 0 0 0 6
HriAE K 5 H 20 H May 20 10 75 45 6 20 15 9 6
New shoot growth period ¢ 5 4 [ jun. 4 10 75 45 6 0 0 0 6
1R 6 H 21 H Jun. 21 5 85 10 6 10 17 20 6
Young fruit stage 7H 4 HJul.4 5 85 10 6 0 0 0 6
i KA1 1A 7 F 20 H Jul. 20 0 25 10 4 0 5 20 4
Early expansion 8 H 4 H Aug. 4 0 25 10 4 0 0 0 4
Jg K H i A 8 H 19 H Aug. 19 0 25 10 4 0 5 20 4
Mid-late expansion 9 A 4 H Spet. 4 0 25 10 4 0 0 0 4
PRIGEE S 10 3 27 H Oct. 27 15 14 75 8 30 28 15 8
Base fertilizer 1MH10HNov.10 15 14 75 8 0 0 0 8
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Table 3 Appearance quality of apple fruits treated with different fertilizers
b3 B Mz Btz RIETRE
Deals Single fruit mass/g Longitudinal diameter/mm Horizontal diameter/mm Fruit shape index
P.D/T, 234.26+23.39 ab 67.33+4.94 ab 79.90+6.50 b 0.845 5+0.06
P.D\T, 260.61+25.24 a 69.03+6.09 a 85.29+3.88 a 0.810 5+0.07
P.D.T, 176.10+£24.81 ¢ 60.98+7.42 cd 73.96+5.66 ¢ 0.823 2+0.06
P.D.T, 169.37+20.13 ¢ 60.07+3.53 d 73.33+3.53 ¢ 0.819 9+0.04
P.D/T, 220.34+21.49 b 66.61+4.20 ab 80.52+3.34 b 0.827 9+0.06
P.D/T, 224.03+19.20 b 63.73+3.54 be 80.224+4.12 b 0.795 3+0.04
P.D,T, 231.85+25.13 ab 65.13+4.91 b 81.50+5.21 b 0.799 6+0.05
P.D.T, 232.62+21.11 ab 65.74+3.95 ab 82.34+5.47 ab 0.800 1£0.05
P 0.086* 0.075% 0.084* 0.963ns
D 0.010* 0.004** 0.012* 0.331ns
T 0.282ns 0.663ns 0.752ns 0.794ns
PxD 0.063* 0.065%* 0.069%* 0.685ns
PxT 0.394ns 0.346ns 0.141ns 0.661ns
DxT 0.311ns 0.151ns 0.462ns 0.302ns
PxDxT 0.076* 0.085* 0.072* 0.490ns

VE : A EER G AN AN G FRER R S AL B R Z2 57 5825 (p < 0.05) 0 * AT+ RR 3 TITE p < 0.1.p < 0.01 Fl p <0.001 KbRIH &2 K

Fons RNERARE. FFL

Note: Different lowercase letters after the same column of data indicate significant differences between treatments (p < 0.05). *, ** and *** indi-

cate significant levels at p < 0.1, p <0.01, and p < 0.001, respectively, ns indicates that the difference is not significant. The same below.

R4 TREIHERBLLIESERRL AR RKE XK R

Table 4 Different drip irrigation and fertilization treatment apple fruit intrinsic quality and flavor quality

hF wCATEHEETEYD w(l e wve)/ wCRIE R i b [ ﬁ%ﬂess/
Deals  Soluble solids/% Titratable acid/% (mg-100 g") Soluble sugar/% Sugar-acid ratio  Solid-acid ratio (kg-cm?)
P,D/T,  13.03+0.60 0.14+0.03 ¢ 4.0940.59 bed 4.66+0.27 d 35.14£3.79 b 99.09+9.62 ab 7.37+0.90 bede
PD/T. 13.46+0.30 0.35+0.03 a 4.82+0.49 ab 5.71£0.02 be 23.69+2.33 b 39.13+4.63 ¢ 7.05+0.63 ¢
PD.,T, 12.60+0.62 0.23+0.05 b 3.30+0.93 bed 5.63+0.49 be 25.80+2.99 b 58.53+8.93 be 7.11+0.52 de
PD. T, 13.63+0.38 0.244+0.02 b 5.44+1.19 ab 5.5540.41 cd 22.09+1.20 b 60.58+5.79 be 7.16+0.64 cde
P.D/T,  13.77+1.41 0.23+£0.03 b 2.44+0.62 cd 5.0440.40 cd 26.31+2.96 b 58.26+2.95 be 7.65+0.72 a
P.D\T,  13.90+0.25 0.29+0.04 ab 2.04+0.52 d 5.8740.45 be 20.15+2.04 b 47.63+10.35 be 7.47+0.65 ab
P.D, T, 13.36+0.85 0.13+0.04 ¢ 4.52+1.51 abe 7.75+0.59 a 59.62+9.23 a 123.84+28.11 a 7.42+0.68 abed
P.D,T, 12.83+0.97 0.24+0.02 b 6.55£0.95a 6.31+0.06 b 16.84+1.94 b 53.47+5.14 be 6.78+0.45 £

P 0.849ns 0.469ns 0.078%* 0.001** 0.191ns 0.777ns 0.167ns

D 0.226ns 0.025%* 0.003** <0.001 *** 0.036* 0.324ns 0.072*

T 0.243ns 0.036* 0.894ns 0.221ns 0.025%* 0.049%* 0.014*

PxD 0.812ns 0.004** 0.024* 0.004** 0.013* 0.336ns 0.015%

PxT 0.141ns 0.038* 0.814ns 0.001%* 0.349ns 0.962ns 0.460ns

DxT 0.635ns 0.023* <0.001 *** 0.018* 0.126ns 0.405ns 0.005**
PxDxT  0.478ns <0.001 *** 0.023* 0.044* 0.014* 0.007** 0.072*

— R TRy R T 36.97%.20.40% . FE 2 AN i I A
B 301 B PR AT Sk TR BE T, ATV P A S R SR I —
TP AR T — AT — b B R B, HAE R k(A
PE 50 om 251 T 2 ik W KF .
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AT LA H 5 il JIE T 5 056 3 5L SR sz A0 UL ik 5 14D 5 e
PN o it S ) G 34T 50 3 R SR Sz 7 R X
WA — e R . B AR 4 R i R ) B e T
T R TR A R B 8 TR L ARG 5 52 e . 3, Sk L
fity b R R AR AN B2 . AR E R S R R B
JE TR R% 9 30 d e 1t JE (R] B 3 15 d, HLAE R Sk 18] R
50 cm %M N £ RIE R EAKCE . FEER HL R BN it AT
[ B A 15 d Tt AR TA) B 3 30 0, HLAE— AT A
WSkEEE SO em &5 F F EF B E . B AR
I H B A ], R IR A i AR AT B A 15 d s T it
JEIEIRE I 30 dC—47— % I Sk 8] 2E. 50 cm IR A1)
22 ARGRESHERRIRRITZMN

5 N E BB 25 kb B T S5 5 S 92 A0 0
FRIAA . I3RS AT, TS X B IR 5T 52 1 X
£ , UAN Kb B L5 S 3 U AL B AR 51 9.71% 0 &L
JEH 25 55 3 S A A0 00 & R RS R BB 2, {H UAN
A FENT T AR R VR TE R ECE TR m A

*5 ARABRESERRIIN MR
Table 5 Appearance quality of apple fruit with different nitrogen fertilizer forms

sl HIRPUR PN Mtz RIUAEH

Deals Single fruit mass/g Longitudinal diameter/mm Horizontal diameter/mm Fruit shape index
U 236.04+23.43 b 66.02+5.06 a 82.26+6.10 a 0.805 3+£0.07 a
UAN 258.95+29.55 a 68.95+6.53 a 84.28+6.12 a 0.822 2+0.10 a

MR 6 7] LU ) AN R UL A5 S SRR S
At S AR R — E SR . AR B BR AT

1E 5
SEMR S A, UAN AL PR 1) 25 T F8 b 45 5 T U b,

Ho, al AT RE S B HERR L (I AR 3 iR AR E
53, H UAN 4b 3 45 U hb 38 4 51 42 5 42.27% .
47.37%15.25%.

F6 AREIREHSLE TFERRL AL MR KKK @R

Table 6 Intrinsic quality and flavor quality of apple fruits under different nitrogen fertilizer forms

b wCAIETERDEYD  wCREER) w(Ve)/ wCrVEHERE  BEERLL [ % L fili

Deals Soluble solids/% Titratable acid/% (mg-100 g") Soluble sugar/% Sugar-acid ratio  Solid-acid ratio  Hardness/(kg-cm?)
U 13.08+1.24 a 0.25+0.01 a 0.89+0.12 a 5.63+0.97 b 22.97+4.04 b 53.23+7.48 a 7.05+0.63 b

UAN 13.57+1.47 a 0.24+0.01 a 1.51+0.15 a 8.01£1.92 a 33.85+7.61 a 57.58+8.63 a 7.4240.68 a

2.3 IEWMERIBE

23.1 Gl& (DESESFFM BRI E. PR
SRSl T A AL FE AL B P LE il A R
Jii o AL R AR R R AR R
Fa B N AE LR 2 AT A E Y i &R C
AL T S PT E R s IRUMRR o o 2 B AR A
BRI LU [ Ll o AR % R R SIZ i Joi i o 19 2 A 12
JR S FEAR ] IR SR E L E KRB R R, 2 i) 3 R s
AT R AR AR R B 2 FioR . PR R N 3
B, BB HWES), R R RGE TP A

FREMENE, RERSRE R B =2 ER2E
W, NEAEVN T PR -

OO EH . RIEGLEMBK T HE 5,
KL B2 456 07 SO BOR [ 46, W B 240
B 100 47 BE B[] 07 B0d vl 50, 32053 — B0A
SN PRLAE 5 B AU it 5 R XU it o B E . AP
J R DA R R o AN SRR A O G B A R
2NN YEA R C & T L, LR AT A T
TEWE 5 3 AU b Jo AR R R L B

G E ST S F8 b5 )2 (TO AU E T LUK B2
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SERGEE TR A TN B (S)
Comprehensive evaluation model of apple
quality(S)
v v \ 4
SRALEL (T P fh 5 (T2) AU i 57 (T3)
Appearance quality(T1) Interior quality (T2) Flavor quality(T3)
v Y Y 4 A v v v v v
B Pt i FIBts FIVATER | | dEEE || A A E BERRLL I 2 Ll
JiE (u2) (U3 H s SR | CoRE || R gt (U9 wim T
wn Longitu- | [Horizontal Fruit s Ve wmn (Uus) Sugar Solid in
Single dinal diameter shape Soluble U6 Soluble Titratable acid acid Hardness
fruit mass | | diameter 3 index solid sugar acid ratio ratio (uin
D (u2) us) (us wun (ug) QL)) 1o

2 FERRILMBIEM RS R

Fig. 2 The index stratification of apple fruit quality evaluation

KEME) . WHER7 /LU SR B &
JiR 6 BRI BLE AR, 43 591 D 0.088 (LR BT /) . 0.056
(H12).0.055 (12 .0.090 R IEZFEXD .0.205 (AT 1%
PEETEY) & 80254 (4EA R CHE) 0123 (AR
PERE S 2 . 0.116 (AT E FR & &) . 0.133 CHE R L)
0.120([E MR L) . 0.135 (D) , Horh i A= 25 C & & 1)
BUEAE fOR, FRR T PR Y & &, 48 R
A AR BN HEUEA ZE A K.

x7 FREILBBITMERRAR D
BERRMERENE
Table 7 The weight of each element layer and index layer

in the apple fruit quality evaluation index system

PR EERRRE CFE HERESIREE T
Feature layer or Average Feature layer or Average
index layer value index layer value

T1 0.258 91 Us 0.382 34
T2 0.536 40 U6 0.473 93
T3 0.381 41 u7 0.228 82
Ul 0.338 38 U8 0.216 78
u2 0.216 33 U9 0.349 11
U3 0.212 10 ulo 0.31578
U4 0.346 84 Ull 0.354 52

232 BEUEAE  CRITIC-HAUE E & 15 b5
BUE WK S, A LLEH, 1% 5 VR IR AL 45 5 oM 1 1)
BUE A RN 0,122, FL U A8 BRI m] 5 P [ 7
W& s, KRB MBCEARE S B /hT 0.1,

*8 ERRLBEIERMENMICENEE

Table 8 The weight of each element layer and index layer

in the apple fruit quality evaluation index system

WAEL 32 CRITIC-#AL || WEL 7 i CRITIC-J A%
Assignment CRITIC-Entropy]|| Assignment CRITIC-
method Method method Entropy Method
AR E 0.079 AR SR 0.081

Single fruit mass Soluble sugar

Piz 0.082 AERR R 0.086
Longitudinal Titratable acid

diameter

B 0.078 tfi iz 0.122
Horizontal diameter Hardness

R 0.111 HERRLL 0.076

Fruit shape index Sugar-acid ratio

LR A& R 0.105 Pl R LL 0.080

Soluble solids Solid-acid ratio

e C & Ve 0.098

CRITIC-Ji BUEAS 2 & F8 b5 BCE HE 7 K I i >
RICARE T I B T & B4R 3 C & B>
JE TR B B> AR > T I MEAE  >[ R L > o SR o >
FEAE>PERR L -

233 EZEMAALSBEAR R AX QP LI EH
ISR AR E UL AR, L WA 3, A T
DB, 4e4 3R C & s AE S R R S i v P AN i
L, HARAK R ATV P [ ) B 2> A > ]
R B> IR LU > SR T 48 2> [B] R LU > ] ¥ 1t 2 2>
FR R B> ESAR
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Longitudinal Horizontal diameter
diameter 0.057, 6% ez C O &
0.059, 6% Ve 0.137, 14%
B R
Single fruit
mass 0.073,

7%

IRGY i iiay '
Soluble sugar 0.084, 8%

2
[i5] B L o

Solid acid

ratio 0.085, ¥ Hardness
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Fruit shape index PERZ HE Titratable

0.087, 9% Sugar acid ratio acid 0.09,
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Fig. 3 Subjective and objective combination weight value
of apple fruit quality indicators

2.4 ETFEEZNHESENA TOPSIS ZE1FEN

MR bk = R 4H A A EE, SR F TOPSIS V25, 13
B R ABRE AN S AR REAR S BN -

Z '=[0.073, 0.059, 0.057, 0.087, 0.128, 0.137,
0.09, 0.084, 0.088, 0.085, 0.112];

Z =[0.005, 0.006, 0.003, 0.008, 0.023, 0.012,
0.009, 0.010, 0.005, 0.009, 0.029].

B FEAFE bR PR B BEARAE AR A B AR RE A )t i
fHD ;D VAR RS 2 3 AR A I AH X 42230 BE

*z10

K HHE R WK 9. A FVE A AE R 30T, 35 5L 51 s
b TR T T BRARE , B HiOK, R R S A
PidiAE. R IFLLE H, 4 #E P.D,T, 5 B AR FE A
) AR X6 5T A 1= M 0.607 6, e Y A B PD T
P.D.T,.P.D, T, P.D,T,.P.D,T,.P.D,T,, &b % P,D.T, [
FEOG B2 10 B AR, Ul W — AT 9 < 8 Sk D B 50 em
Jiti A ) B 1 15 d AL & R SR SR SE 4 A T i
#9 TEEKMIEALEERRESFEMNEESITN

Table 9 Comprehensive evaluation of apple fruit quality

in different irrigation and fertilization treatments

I&iﬁs b: b, A ii}iing
PDT, 0.199 3 0.153 3 0.434 8 6
PD /T, 0.189 6 0.1811 0.488 4 2
P,D.T, 0.2422 0.090 9 0.2729 8
P,D.T, 0.1859 0.176 9 0.487 6 3
P.D\T, 0.199 1 0.1818 0.477 4 4
P.D\T, 0.2272 0.168 2 0.425 4 7
P.D.T, 0.1415 0.2191 0.607 6 1
P.D.T, 0.208 4 0.188 3 0.474 6 5
U 0.082 8 0.062 7 04311 2
UAN 0.059 4 0.085 7 0.590 5 1

o FRET R RAC T 5 PR AR A AR 2T P ey
T IR AL, S R 5 W AL T 4l FH PR 3R %
4312 FH TOPSIS v2:45 21| (A [R] Ab 2 R {1 35 S R
SELRA T TUHE T 5 5 — B AR AR HEJP HEAT Pearson
FHRMEHT (R 100, 3R 10 150, B RIEARE R
FEA , Foh 5 R AR AR HET 5 256 T HET 2 2 1B A
I, Fop AR R IE EE  E BE IR L 5 4R A R
Jr 2R, 5 R R AR AR

FRIHEEX KR E MR T ERRLE—REIERS HHFRHEXE

Table 10 Correlation between single quality index of apple fruit and H;ranking under different drip irrigation

modes and fertilization cycles

ki Ep 5 HAHAE AV Ep 5 HAHRAME: TR BR 5 HAFRNE
Quality index Correlation with H; Quality index Correlation with H; Quality index Correlation with H;
S 0.468* MRS R 0.472% PR H 0.564%*

Single fruit mass Soluble solids Sugar-acid ratio

Pz 0.384 LERCHE 0.352 [l 7% LE 0.455%
Longitudinal diameter Ve Solid-acid ratio

e 0.513%% R E R 0.359 Tgi s -0.120

Horizontal diameter Titratable acid Hardness

RIETRE -0.060 AR R 0.545%*

Fruit shape index Soluble sugar

T B ROR BBV R (p < 0.05) IR H PEATI SR (p < 0.0D

Note: * after the number indicates a significant correlation (p < 0.05), and ** indicates a significant correlation (p <0.01).
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