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Priority of water-nitrogen coupling scheme for olive based on yield, quali-
ty, and water-nitrogen use efficiency
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Abstract: In order to increase and stabilize the yield, improve the quality and efficiency, and achieve sustainable de-

velopment of olive, we explored the efficient water and

eies B #1:2022-12-24 nitrogen coupling scheme in Longquan Mountain area, and

EETE: W)IEFHITEH (2019YJ0430) ; /U114 Bl 10 H
(2020YFH0207 ) 5 U JI| 45 2 i ¢ 9 2 TF 0 2k 4 10 H
(SZKF2208)

TEF B XV (1997-) 3, St R N, B DR A, FENE
gk + TR T HF 5. (E-mail ) 2150413526 @ qq.
com field) and four nitrogen application levels (N1; 0 kg/hm’

BIEE i, (E-mail) caixia818@ 163.com N; N2. 150 kg/hm2 N; N3. 300 kg/hm2 N; N4. 450

used 9-year-old Grossane as the research material of field
positioning experiment. We set four irrigation amounts (11
50.00%14; 12: 66.66%14; 13;: 83.33%14; 14. 90.00%

0, ; 6, was the the maximum water holding capacity in the



1844

VEOH Ak i % M 2023 4F 45 39 % A9 M

kg/hm® N), a total of 16 treatments. The effects of irrigation, nitrogen application and their coupling treatment on olive
yield, olive oil quality and water and nitrogen use efficiency were analyzed. The quality of olive oil was comprehensively ana-
lyzed and evaluated by technique for order preference by similarity to ideal solution (TOPSIS) method. The fresh fruit yield,
olive oil quality and water and nitrogen utilization efficiency were used as evaluation indices. The comprehensive evaluation of
each treatment was carried out by comprehensive scoring method to explore the optimal treatment of olive water and nitrogen
fertilizer management. The results showed that the fresh fruit yield of olive under N1I2 treatment was the lowest (4 333
kg/hm*) , and the fresh fruit yield of olive under N4I3 treatment was the highest (11 027 kg/hm®). The effects of water and
nitrogen coupling treatment on the quality of olive oil were extremely significant, and the effects on irrigation water use effi-
ciency (i{WUE) , fresh fruit yield and nitrogen partial factor productivity ( NPFP) were not significant. According to the com-
prehensive scoring method, the optimal treatment under the conditions of this study was N2I3 treatment. The fresh fruit yield
of olive was 6 293 kg/hm’ , iWUE was 52. 44 kg/m’ , and NPFP was 62.93 kg/kg. TOPSIS method was used to comprehen-
sively analyze the oil quality, and it was found that N2I2 treatment had the highest score of 0. 787. The results of this study

can provide a theoretical reference for guiding the efficient and green production of olive in mountainous areas.

Key words;

olive; water-nitrogen coupling; yield; quality; water-nitrogen use efficiency; technique for order

preference by similarity to ideal solution (TOPSIS) method; comprehensive scoring method
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1.1 iR XHEER
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170 IS DX A TR U 2 X S 4R 733 m, )&
T A ZE WA, AR K i 820 mm, ZHEH TR
Ze AR A R 16.6 °C, KT 10.0 CAHMBIE N
5450.0 °C; 4FF- 44 H B8 1 268.7 h, 4F #f XF 1@ &
60% ~80% , Ptk +3E k5t pH {EK 7.5, HIH]
AFFKE 0.246 cm’/em’ 56 X #E)ZE T HEFEA
FROPIRBLIL R 1, LAy 9 AR AR S U 5 R
FRAEZEEE R 1 hm® 400 AR, ¥R 52, 5~3. 0 m, B K
FI5) RHAME BT i HUF By v S5 HA H [A) e 245 28
T2 25 G M AORE 2E 7= SC PR A T AR R b 3, H
FERRRMNE 2,

F1 PHREEMETEERFIRI
Table 1 Basic nutrient status of soil in olive orchard in the study

area

TR GE SRR A A
(em) (g/'kg) (mg/kg) (mg/kg)
0~30 0.94 10.33 88.45

®2 HEXAFEHSKYE

Table 2 Monthly average meteorological data of the test area

Al $i’3’%&-ﬁ SFHIRGE P EAHXREE Bk

(C) (m/s) (%) (mm)
1A 6.3 1.9 71 1.2
2 A 12.6 2.0 67 14.1
3H 15.0 2.0 67 33.1
4H 17.3 2.1 75 63.4
5H1 22.0 2.1 73 51.8
64 24.7 1.9 72 74.3
7H 27.1 1.7 78 147.2
8 A 25.7 1.8 79 134.3
9 A 23.3 1.8 82 142.0
10 A 16.8 1.8 85 79.6
11 A 10.9 1.5 78 56.6
12 A 8.5 1.5 77 11.9

T T A T 2 2 B R A B,
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AR ) A1 4 387 ZAE K- (N1 0 kg/hm?
N;N2:150 kg/hm* N, K %(; N3:300 kg/hm* N,
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) MSE , B AL BRI 3 BRIBCT-2{E, F1 A BB 171 FH
i

rire BT 0 A < A AE R A 3 SR AN R 1D
PR o i R T i MR i SRR B i, TR
{ELR FH Y 70146 7% 700 0 2 0 D 5 o R Ak R
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1.4 EMHAE ) o MBS, b MR R,

1.4.1 TOPSIS % AWFFE R TOPSIS L% 4T 4

®3 EAENRERE

Table 3 Irrigation amount and nitrogen fertilizer amount

s AL i (kg/hm) UL Bt N Wk
FAEESII(60%) S AII(40%) (kg/hm?) (m’/hm?)
NI1I1 0 0 0 11 108
NI1I2 0 0 0 12 144
N1I3 0 0 0 13 180
N114 0 0 0 14 216
N2I1 90 60 150 11 108
N2I2 90 60 150 12 144
N213 90 60 150 13 180
N214 90 60 150 14 216
N3I1 180 120 300 I 108
N312 180 120 300 12 144
N313 180 120 300 13 180
N314 180 120 300 14 216
N411 270 180 450 11 108
N412 270 180 450 12 144
N413 270 180 450 13 180
N414 270 180 450 14 216

N1:0 kg/hm? N3N2.150 kg/hm? N, fIE40;N3:300 ke/hm? N, "% ;N4.450 kg/hm?® N, 25%0;11:50.00%14 ;12 .66.66%14 ;13 :83.33%14 ;14.:90.00%
O o O N HIEJ R R HFK A,

X,
Z,= b’ (2) (5)
NpXe
j=1 6
o, 7, 327 SRR B 1 VA — S 5 i = (1, - )
D) j=(1.2.0.b). FHRAS i AT B A 7 % A B
B 2= (Z,),, P s sk B D RN IR T R AR 2,
CRCYUN A AE N EATE FRR IR R AE, = (1,2,+2,6) 37, Fm
2'=(Z, Zy 2, ) (3)  BERREECMA = (1,2,,0)
Z’Z(Z] 2y 2, ) (4) %IEI,ﬁ%ﬁﬂﬂﬁﬁﬁ@%%ﬁtﬁ%%ﬂﬁ%ﬁ
A 2 BRI 2 Rk g i,z (G 7
FORE AR R KA = (1,2, -,b) 12, o c= i 7
8 j SRR = (1,2,-+,b) . (D;+D;)
= TR A S % O T U DFFORH i AR IR By S R

PR, B3 D; RS A B R 25 7 RIS
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1.5 HiESW

KHI SPSS 27.0 A AT I 20 i A2 E
2, I Origin 9.1 #4172 K, 1 Excel #4725 5 1F
AR F TOPSIS B,

2 ZER55HT

2.1 EK ERAEHEB =AM

24 WoR K it S ER 3 S T A e S
BRI 2 (P<0. 01) , 7K ZUREA A0 HH X it BEOR
PR AN 35 (P>0. 05) |, BEAK O P2 4 B2 iR
Tz, Bl 1R N1T2 Kb B Ao e S = i i I
(4333 kg/hm* ), N4I3 Ab BE 7= & i & (11 027
ke/hm?) o FHIEIE K S50, 7 5 Bl 5 it 20 6 11 384
SRS T ARAL P ASE T EK RX
T IANERE , = A S E T BE KRN 7 A R

A TERIONE , (EAFAE B AL

x4 FELEEREIHMFEER=2HZ N
Table 4 Effects of different treatment factors on fresh fruit yield of

olive

RS FAH
K 21.910*
Tt 9.142**
HETK i A 2.179

= TR RN R (P<0.01),

14 0001
12 000
10 000
8000
6 000
4000
2000
0

7o (kg/hm?)

K
Il mI2; NI3; ml4

N1:0 kg/hm? N;N2:150 kg/hm? N, {E%(; N3:300 kg/hm> N,
%(;N4: 450 kg/hm® N, 5 %(; 11: 50. 00% 14; 12; 66. 66% 14; 13 ;
83. 33%14;14:90. 00%0,, , 6, F H Al KFFK i,

B 1 AEKGEASEX s R =20

Fig.1 Effects of different water and nitrogen treatments on

fresh fruit yield of olive

2.2 FEJK HEER AL TE XM M R A R

25 TR HEAK vt R B A R A A AR Tk
FRAE RE M A 2, S /NI A K B & > THE K STt
Ao 6 BN, N1 AT, BA HEK & 3N, FRAE
T BTGNS T B VEK SR, TR R
TR RS N2 51FF 13 Ab B RR 1 .25 3 T
HE AR AL EE (P<0.05) , HAR R B A 11<14<12<13; N4
T 14 bR (A B =T 112 2B RN
12<11<13<14,, F#EK it & LK ZHRE G AL RS v 1k
SR SZ AR SB35, 52 M R/ INR B ATt S > 7K R B>
JEK ., N1 N2 N3 &4 F B/t s, i 4k
HE EIH e f KI5 510 9.05 mmol/kg 9. 66
mmol/kg . 9.44 mmol/kg, Hx /N 1H 43 H A 8.05
mmol/kg 7. 68 mmol/kg.7. 38 mmol/kg,

7 WoR K A KRR A AL B0 R A
W R 8 AN 0 R U R B R A
(P<0.01) , X2 7 e A0 R 75 22 5 T R /MR
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YRR SHE K > K ERE A, XA R G I R 5 &2 1)
SR R/ IMRUCHTE K > it 20> /K ZRE A il K&
B Ak FEEXGT A B YEH TR 5 B R A M (3 ( P<0. 01)
KA B A AR R 75 BB MR i 3 (P<0. 05)

£S5 AEIALIEFE F S0 ERE T S A ER W

Table 5 Effects of different treatment factors on acid value and

peroxide value of olive oil

FAd
PSS
FRAE i AR
K 12.603 ** 3.064
Jiti L 7.714* 20.591 **
THE K it 16.531 4.222*

= FIRFE LR 3 (P<0.01)

F 6 REIKGALIE TR R
Table 6 Effects of different water and nitrogen treatments on olive

oil quality

ab B R 1E (mg/g) i ALAE (mmol/kg)
N1I1 0.23+0.04a 8.05+0.25a
N1I2 0.29+0.03a 8.61+0.25ab
N113 0.36+0.04b 9.03+0.50b
N1I4 0.47+0.04c 9.05+0.40b
N2I1 0.34+0.03a 7.68+0.19a
N2I2 0.45+0.05b 8.38+0.22b
N2I3 0.52+0.02¢ 8.59+0.26b
N2I4 0.40+0.01a 9.66+0.53¢
N3I1 0.49+0.06b 7.38+0.52a
N3I2 0.31+0.10a 7.63+0.60a
N3I3 0.23+0.03a 7.82+0.71a
N3I4 0.27+0.05a 9.44£1.25b
N411 0.26+0.02a 6.20+0.12a
N412 0.22+0.02a 9.19+0.84b
N413 0.39+0.08b 9.13+£0.63b
N414 0.46+0.06b 8.33+0.75b

ARTRD it 22 4 A TR B B 5 RS ) /NG T R R TRl K AR 3 22 1]
TEFE 255 (P<0.05) , N1:0 kg/hm? N;N2:150 kg/hm® N fK4(;
N3:300 kg/hm? N, H1%(; N4:450 kg/hm? N, & %&(;11:50.00%14 ;12
66.66%14;13.83.33%14;14:90.00%8,, , 6;, 79 M8l KK HE,

RT AE)ALIE B 2 X i 4 A B 43 B B

Table 7 Effects of different treatment factors on the composition of

olive oil
FAH
e ik Wi bR Rl
o o o iy R o ik
K 28.484 ™ 53.264 ™ 3.027 " 33.625*
A 33.346™  114.024 ™ 22.238** 5.156
HEFK A 5.425* 20.520 4.771* 3.477*

* FAR R (P<0.05) ; ™ FoREN B3 (P<0.01),

Kl 2a W8, N1 N2 500, 13 Ak S0 AR % &t
T T AR HE K Zb T N3 N4 SF TR Bt 7K B Y 1
Jn, IR & B b TR A N34 N4T4 Ab BRI R 7
e, o 76.24% 76.47% ,N311  N4I1 &b #f
R & B A%, 29 69.01% .67.03% ; N1 414
AN TRV K Ak B D R 1 e A e K22 (B /N T N4
26T AS ) 8 K A ) 9 R A ) A R 250,
k. B it 25 it 260 1 4 0, il R 7 M K
M AN A7 48 9

Bl 2b &, M RIEK SRR T, Rt il e o 2 Bl
it A 3 £ B ARG s 0 i e e AR TR
WA SEAET B K B RGN ARR R B A R
B AL A AR A S N2 APF T B R o5 2 Bifi
HEK RIS BTSN N4 ST A=Al iR 7
SRR SR I 2 R RUAEARIRE A
T, KRR A 2500 X A T TR ) R Dy < BRLUG
R KRG S SRR & i TR

Bl 2¢ s, AR R & 454 (N1 BRAM) T, 12 4k
L) SV o0 R 7 v T A AR A B 3R IR K i
fe 2 NI R 5 17 A ARV

l 2d SR, TTAR(NLD) 50T AR E K A B Y
AN RN 177 1R 5 £ 1] ) dpe R 25 (800N 5 Bl 35 it S
ARG, TR (N3) S50 AS [RIVEE /K Ak 34 A AN AR i
TR & et (] Y e R 22 (28 K m AL (N4) AR BER A
(IR 7K Ah B A AN AR R I T 7 et ) e R 22 (ELA B i
KAE, 2% BBl it 20 R 385 0, T 7K X AN AN T
I PR FHAY 55 T 8 o A 4,
2.3 K ERAEITKEN AR

% 8 R, K it ZALBLXT NPFP R iWUE 52
M AR i 355 it 2R Ah BN 2 () M K T E K b B 5 K
ARG AHEL — F AN B, N1 A oA AL,
WO & NPFP AR DBL, H R A S5 14T, NPFP B
K R AR R TR S M RE KSR,
NPFP B35 i 20 5 0 3 sk 2 R L A (R 3) .
Vi A it 2 B I X NPFP A8 T B R, 34 it 4
S HI 55 7K R A X THT RSO B4 52 M, 10 sk el BB X 2R
RIS AR, NITREAR NPFP, B 4 B,
N1 N4 5188, & REK AL B] iWUE 2 %R B3,
N2 N3 & 7,11 A # ) iWUE KT H AL B 11
AR, B AL TRE Y iWUE 22 %A 83,12 44
T N4 LRI iWUE $K, 2 84. 44 kg/m*;13 14
ST N4 BRI iWUE 3 T HAh b3
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Fig.2 Effects of different water and nitrogen treatments on olive oil quality

x8 EKER KEBELEIKERF AN
Table 8 Effects of water, nitrogen and their coupling treatment on

water and nitrogen utilization

F1H
S
THEE K 5 R A= T
K 9.442 * 11.938 *
i 22.395* 134.048 **
THE K X it 1.605 1.468

= RN (P<0.01)

80 e
¥ 700 C
E‘) 60+ ab @ %
=2 50F Zo= b
L 40t LA
% o =
2 20r =
& 10 = =
0 S =
N1 N2 N4
T &K

71l ®12; 213; ml4

EORR) NG SRR R AR RN U4 1F T AN R K A A B 2 ) A7
3R (P<0.05), N1:0 kg/hm® N;N2:150 kg/hm®> N R4 ; N3:
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Fig.3 Effects of different water and nitrogen treatments on ni-

trogen partial factor productivity ( NPFP)
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Table 9 Comprehensive quality evaluation and ranking of olive oil under different water-nitrogen treatments based on TOPSIS method

G £ TR B (F — L)
AR e T T bi G s
G L

N1I1 1.029 1.000 0.995 0.053 0.012 0.727 0.158 0.048 0.235 15
N112 1.025 0.999 0.994 0.071 0.015 0.733 0.138 0.050 0.264 14
N1I3 0.998 0.999 0.994 0.052 0.020 0.729 0.161 0.020 0.111 16
N114 1.002 0.999 0.993 0.105 0.016 0.742 0.107 0.060 0.357 11
N2I1 0.981 0.999 0.993 0.176 0.022 0.762 0.056 0.129 0.696 3
N212 1.006 0.999 0.994 0.177 0.026 0.763 0.036 0.134 0.787 1
N2I3 1.001 0.998 0.994 0.135 0.030 0.754 0.076 0.092 0.549 6
N214 1.000 0.999 0.992 0.091 0.030 0.743 0.120 0.050 0.297 12
N3I1 1.000 0.998 0.994 0.138 0.028 0.755 0.073 0.095 0.564 5
N3I2 0.980 0.999 0.994 0.204 0.029 0.770 0.048 0.159 0.767 2
N3I3 1.029 1.000 0.994 0.124 0.026 0.751 0.083 0.091 0.525 7
N314 1.021 1.000 0.992 0.121 0.025 0.749 0.086 0.084 0.495 9
N4I1 0.983 0.999 0.996 0.112 0.029 0.749 0.105 0.066 0.388 10
N412 0.984 1.000 0.993 0.164 0.023 0.759 0.062 0.117 0.656 4
N413 1.007 0.999 0.993 0.129 0.021 0.750 0.081 0.086 0.517 8
N414 1.004 0.998 0.994 0.090 0.015 0.738 0.122 0.047 0.277 13
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Table 10 Comprehensive scores of water-nitrogen coupling schemes of olives based on comprehensive scoring method

S
it IR Gaft T

EWUENPEP e R b W R A

fell  EhE FRE mak DR

N1I1 0.010 0.506 0 0.043 0.534 0.853 0.001 0 0.576 0.084 16
N1I12 0 0.179 0 0.230 0.696 0.884 0.145 0.181 0.723 0.125 15
N1I3 0.151 0.167 0 0.467 0.819 1.000 0 0.485 0.774 0.202 14
N1I4 0.135 0 0 0.847 0.822 0.718 0.383 0.202 0.713 0.213 12
N2I1 0.175 0.821 0.770 0.407 0.428 0 0.739 0.354 0.221 0.499 8
N2I2 0.141 0.381 0.722 0.793 0.629 0.463 0.877 0.665 0.826 0.614 4
N2I3 0.293 0.329 0.935 1.000 0.691 0.764 0.630 0.969 1.000 0.753 1
N2I4 0.339 0.193 1.000 0.597 1.001 0.737 0.283 0.997 0.739 0.690 2
N3I1 0.167 0.806 0.186 0.917 0.340 0.156 0.522 0.702 0.269 0.409 10
N3I2 0.414 0.771 0.359 0.293 0.412 0.214 1.000 0.750 0.658 0.499 7
N3I3 0.357 0.402 0.319 0.037 0.467 0.466 0.481 0.690 0.563 0.383 11
N314 0.564 0.408 0.464 0.163 0.938 0.609 0.491 0.659 0.715 0.514 5
N4I1 0.179 0.829 0 0.140 0 0.032 0.318 0.682 0 0.203 13

N412 0.584 0.984 0.180 0 0.864
N413 1.000 1.000 0.329 0.583 0.847
N414 0.825 0.656 0.303 0.803 0.615

0.515 0.792 0.542 0.811 0.483
0.622 0.556 0.456 0.755 0.620
0.623 0.258 0.134 0.523 0.500
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