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W OE.h kA E WAL (Lycium barbarum L.) K &G B B A&, A F A # Borda 4 4B AT M T FRAE4
A MR EE RN, WEZFE CTFRS T AL, 00 T 4 MK EEAT(UEEAKE & HEFA
EOME B AL TR), B ER WO(75%~85% 6,) 5 K458 WI1(65% ~T5% 6,) . ¥ K4
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FlEBKAAS EAEREE KD THER 2.50%~9.57% ; K4 M EKTF R =K LEHH MR EHIE %
HArRE, WIN2AHENEE S8 B 24X CRERGENRS, 2 REMAERSE T 3.32%~16.93% .
7.49% ~54.72% .6.50% ~45.89% 2.29% ~47.41%71 4.14% ~28.34% ;W2N3 A W A A B S B , R EA L ER G
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H A TOPSIS # 2 3 #pr it — M ALK 8 iR M & R 5 IR iz — B A H 4 2 A AF ) 45 R 8 Kendall 47X R #0# f
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AN EAHTEREAR LN, M Borda LA IFNEA 5 & 82 —AFAIF M E B Spearman 4 X R ¥ 7 THME &,
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F1270.46~298.92 kg - hm™> B, ¥ 42 ty 45 & & L&A
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Abstract: To determine optimal water and nitrogen supply thresholds for wolfberry ( Lycium barbarum L.) , a

fuzzy Borda combination model was used to evaluate the effects of different water and nitrogen combinations on its
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quality. Taking the three-year-old ‘ Ningqi No. 5’ wolfberry as the object, four water control levels (the upper and
lower limits of soil water controlled by the percentage of soil water content to field water capacity 6,) were analyzed.
Full irrigation of WO (75% ~85% 6,) , mild water deficit W1 (65% ~75% 6,) , moderate water deficit W2 (55%
~65% 6,) , severe water deficit W3 (45% ~55% 6,) and 4 nitrogen application levels of no nitrogen application
NO (0 kg - hm™) , low nitrogen application rate N1 (150 kg -+ hm™) , medium nitrogen application rate N2 ( 300
kg + hm™) and high nitrogen application rate N3 (450 kg - hm™) on the appearance quality and nutritional
quality of wolfberry were investigated. The results showed that: (1) Under the same water control, the fruit diame-
ter of wolfberry fruit was increased by medium and low nitrogen application, while the fruit diameter of higher nitro-
gen application was increased by 3.39% ~5.19%. The fruit diameter of wolfberry fruit was increased first and then
decreased with the increase of water deficit, in which WO, W1 and W2 were increased by 8.01%, 9.44% and
6.92% compared with W3, respectively. The fruit length of wolfberry first increased and then decreased with the in-
crease of nitrogen application, N2 treatment increased the most (4.39% ) , and decreased with the increase of water
deficit, and the severe water deficit of each treatment increased by 2.50% ~9.57%. Water regulation, nitrogen ap-
plication level and their interaction had no significant effect on the fruit form index. The contents of total sugar, pol-
ysaccharide, fat, vitamin C and flavonoid in WIN2 treatment were the highest, which were increased by 3.32% ~
16.93%, 7.49% ~54.72% , 6.50% ~45.89% , 2.29% ~47.41% and 4.14% ~28.34% compared with other treat-
ments, respectively. The amino acid content of W2N3 treatment was the highest, which was 11.12% ~ 86.16%
higher than that of other treatments. The protein content of WON2 treatment was the highest, which was increased
by 7.15% ~71.67% compared with other treatments. The total phenol content of W2N1 treatment was the highest,
which was 8.54% ~65.98% higher than that of other treatments. The appearance quality and nutritional quality of
wolfberry were formed when the water deficit was moderate, and the nitrogen level was low. (2) The evaluation val-
ue of wolfberry quality of each treatment was significantly inconsistent due to different models. After removing the
principal component analysis, the Kendall correlation coefficient of the evaluation results of the three single models
of membership function analysis, grey correlation degree analysis and TOPSIS model and the evaluation results of
the other two models except this single model passed the Kendall-W concordant coefficient test, which had certain
compatibility and can be combined evaluation. (3) Post-test of the combined evaluation model constructed by the
mean value method and the fuzzy Borda evaluation method found that the Spearman correlation coefficient between
the fuzzy Borda combination evaluation model and each single model was higher than the mean value method.
(4) The regression analysis of the quality evaluation value of wolfberry based on the fuzzy Borda combination evalu-
ation model showed that the comprehensive quality of wolfberry was better when the water and nitrogen supply
thresholds were 348.40~385.08 mm and 270.46~298.92 kg - hm™, respectively.

Keywords: wolfberry; water and nitrogen regulation; appearance quality; nutritional quality; fuzzy Borda

combination evaluation model
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Table 1  Experiment design
HEAKT
qbam IK R Nitrogen THE R S 5
Tres Water regulation application Irrigation
reatment /(% 6;) level quota/ mm
/(kg - hm™)
WONO 0 452.84
WON1 150 414.34
75~85
WON2 300 372.16
WON3 450 392.60
WINO 0 384.91
WINI 150 391.40
65~75
WIN2 300 315.41
WIN3 450 333.27
W2NO 0 316.98
W2N1 150 290.04
55~65
W2N2 300 260.52
W2N3 450 274.46
W3NO 0 249.06
W3N1 150 227.89
45~55
W3N2 300 204.69
W3N3 450 215.64

1.3.2 #A&BM S% GB/T 18672-2014( MiAL)
(18672-2014) " | K MLk BUR & ¥ 50 i F Al T 21
50 g, >R 48 0ot B itk 2 BB S i (g -
100g™") , JEUHR — B0 R 12 00 7 22 5 £ (g - 100g7")
B VA R € 0 SRR Y e (%), B B s
W G-250 yEM 2 B L & (g - 100g7") , SOX606
FICH AL (BB B D0 A30) 0 2 B 7 & & (g -
100g™") , —HIRFER L @R e 464 R C & &2 (mg
- 100g™") , M EIEEE VAN B (mg - 100g7") 5
MR (mg - g7 )P,

1.4 #REIHE

e DN SN S RS e 2 2
BF .

(1) R 53430 SR sk BT
JRABCEE FE 43 B F TOPSIS #5570 24 b iy A B 552
AR AU it JST RN 5% b B TR 5 VA

(2) K H Kendall Bl #1 2 %5046 56 % 0F 47 3 Al
L TR

(3) 5K Spearman %5 A E R B B0, X
BT Borda PP FIIIE L 2 Fhd] & M 1SR
TR
1.5 BIESWHIE

¥ H Microsoft Excel 2010 X4 3E1 7505 25 3
RERIPEMY s % IBM SPSS Statistics 27.0 F {43617 )7
Zr 2 E L (P<0.05) FIAH KM #r (P<
0.05) ;2% Origin 2021 Pro k{4424

2 ZERE5T

2.1 KEIAFEXTHIAT S R A F0

2.1.1 RE IR IRIE RN A K 43 i i 3
i F IR SRR (P<0.05) , 7K B A2 B AR X # AT
BRI B (P>0.05, & 2A) o [F— /K484
IR it R T B R A A SR SR AR R — it UK
SR BEAK 43 SRR EE IR AR AT SR AR B A B I R
e, WIN2 A A AL R AR (10.47 mm) B K, K
HAl A FHHE 25 T 2.55% ~20.07% ; W3N3 Ab 3 () #y
FERAR (8.72 mm) Fe/N, BEHAMAL BEREAIC T 3.75% ~
16.71% .,

2.1.2 RK KRR R R KT B3 5 A A
K (P<0.05) , KA HAE X F RS SR A i AS
% (P>0.05,18 2B) , [A]l—IKAr P45 T, Bl it 2 1
ARt R K R e R R, i ZUKFE T,
Bt 7K 43 e A ), M AT SR K SR R AR B, R
A WO>WI1>W2>W3, Hft Wo W1 fil W2 8 W3 43
WIS 9.57% 6.80% F1 2.50% , WON2 4k 3 #
A (20.64 mm) 5K, BH A A F4E 5 0.58% ~
13.47% ; W3N3 AR () Fg A R4 (18,19 mm) f /]y,
A HAB AL PEFEAS 0.01% ~11.87% .,

2.1.3 REBIHK KR JEEKFENR EZE
Y I8 i A 2R T 48 BGE AN 835 (P> 0.05, &
2C) . AFEIZKA M T AL RIEFE B 1.93 ~
2.07,

22 KRAERWICEFRRAZIT

221 BHEAE KSR Al A K
W H AL S B i (P<0.01) | 7K & 38 HAE PR HIALD 2
WS BRI L E (P>0.05,% 2) . [Al—7K 4345
T, Bt BN, M AT RE T B R e SR R R
Hirfr N1 N2 F1 N3 % NO 43 5114 55 5.72% . 7.29% F11
3.97%., [Rl—ii &K T, BlZK 43 ol i B 145, #
PO & RS R R ok Wo W1 A1 w2
W3 R E 6.26% 8.57% 1 2.12% , WIN2 4t
PH AR OB 5 B (52.63 g - 100g™") f i, B H At
AL BRAR R 3.32% ~ 16.93% ; W3NO &b B A4 A A ol
T (45.01 g - 100g™") Fe ik, 48 Ho At b FH G 1.64%
~14.48% , W] UL 5% B w25 A o R A R
AT R

222 ¥4 F KOVEE EUKE R ERLE
Y IS4 8 2 52 i g A 2 05 % & (P<0.01,38 2) .
TE WO FT W1 25, N1 N2 F1 N3 % NO b3 £
W PR 5 9.17% . 1.59% F110.20% 5 £E W2
AT MRS 205 3R B N1 N2 R N3 8 NO



555 3]

K2 S8R T Borda 2GR AT il JSOK S0 P80 183

AL BRI R 24.81% (23.29% 1 3.54% 5 1 W3 5%
R AL 205 5 R B NO N1 AT N2 ¢ N3 4k
RO HE 51 2.16% . 10.24% F1 9.16%, £ NO 14
T, AAC 2 B K G T 1 R R AR e S 1Y
IS 7E N1 N2 FI N3 50T Mkt S0 & R
TR e R B i 2 S B NS BRI $, WIN2 4b
A HIAD M S 1 (5.74 g - 100g™") He e, B HAb A
PR 57.49% ~ 54.72% ; W3N3 Lb SR A AD 220 2 &t
(3.71 g - 100g™") F Ik, B HAth A B FEAR 0.01% ~
35.37% ., DRI, 4 B = il ol WG R e 260 R T A
[VEZ e Erd =i

223 RABMAE Ko IR AL 2 g
i & 1t (P<0.05) il K - KoK 38 B AR X F A
RIS HEE A B F (P>0.05,%2), £ WO Fl
W3 &M T, MR &SR & A N2 iR & T ks
FE W1 W2 2500 T MAC 22 R 2 st I it 2R e 1
T N3>N2>N1>NO, 78 NO Fil NI 44 F , it &
FETR 7 2 B K 43 Wy 260 B2 R 4 i 22 /N R A E N2
it AU, ARG S R it A 7K A 0 R A O
WO>W2>W1>W3; 7E N3 Jiti & it T, Ml 2 FE e % &
Bt 7K 43 Foip a0 A i 52 W2 >WO0>W1>W3, W2N3
b P4 S R B (10.09% ) B i, B HAb AL B R 25
11.12% ~ 86. 16%; W2NO Ab ¥ 1Y & % B2 & &
(5.42% ) AR, BOANAL BRFEAR 0.55% ~46.28% ., H
MFC IR & B AR T K o3 75 B2 e it A A 3
At dc e , 7 H IR 2075 SR B AN it A A A
224 EARAE  KTWE EEUKE K ZH L
HAE R 25 A AL B B i (P<0.05,38 2)
AHIF A SRR 45T Bifi it 0 35 m, N1 N2 il N3 7KF
(k) AC 2 S B AR NO K OF 4 W OF B R
13.82% . 14.22%F1 3.16% , 1E NO /KF T, #tc & M
JoT 5 f B K 437 SRR B ) S S B S A A
FE N1 N2 F1 N3 7K, M A & (A 5T & s B K 3 75
SRR N S BRI A, WON2 A3 B 1 0T
(13.94 g - 100g™") fe 1y, B HAAL P4 25 7.15% ~
71.67% ; W3N3 R BRI 1 55 5 (8.12 g + 100g™")
A, B A A PR AR 8.46% ~41.75% . Al WL, 3843
WEWEZE A it R ] B R T AL R A
22,5 JEMEAE KSR I R R M AT B
1 (P<0.05) , Jiti BK - B /K 38 B AR A AL B 1
TP (P>0.05,%2), 75 WO &4 T, #
e R W7 5 e o it 2 1 S S B kA B 1 WL
W2 Hl W3 S50, Bt 0 B A A g i 7 i 2
S AR A, Hor NTUN2 Al N3 %8 NO 43 i 42
4.35%~15.76% .5.59% ~ 8.94% H1 6.85% ~ 15.07,

] — it 2K T (bR NO L&) |, Bl /K 43 75 SioRe
T b A R B A S BT 1 0 S R AR A A
WIN2 Zb BRI ACHR G & & (2.13 ¢ - 100g™") f A,
B HABAL PR AR 5 6.50% ~ 45.89% ; W3NO Ab Hl (1) ¥
FCHEM & i (1.46 g - 100g™") FAIK , B At Ab BE FEAIG
6.41% ~31.46% , KPR RE /K575 Blah A it 20 & Ab
PRI AC G D5 2 £ ] o T

226 H®AEFCEET KO ERAKT L ZH
ZHAEH PN E w4 R C &8 (P<
0.01,%2), HEKDVEE T, MfL4EAdE C S 7
FEPLA N1 N2 Al N3 45 NO P50 B4 7 13.20% .
16.23% M1 7.17% ., FHFEE KT T, Mifd4EE & C
SRR N WO, WL ORI W2 & W3 4 i 4w
11.77% 30.76%H1 18.69% ., WINI1 AbFEf4EA: % C
T (48.07 mg - 100g™") fiw i, 50 H Al Ab BEHE
2.29% ~47.41% ; W3N3 AbBRAG4EE & C &5 (32.61
mg - 100g™") F A, el A BEREAR 1. 75% ~
32.16% ., AT UL, BE K 43 =5 SRR it 280 2 Ak 2 A )
FARLHEA: 2 C & mEAR T, 0 R K 43 B R it
R B AF THAR C FERTE,

227 KERAE KA VRS At A K
Wi F G R 25 ( P<0.01) |, 7K B 38 B AR T R AT
il 5 AN 3 (P>0.05,%6 2) . 1E WO &4 F,
A T % vt S e 3 B AR W W2
W3 ST, F AT o5 T 2tk i it 20 2 34 o 42 ek
JEkERa A R — il KT, B K 43 e R
9, AR IR R I WO W HT W2 A8 W3 P
A3 IR 12.06% 15.72% F1 5.25% , WIN2 &3
MiAC 8 i & 2 (58.64 mg - 100g™") H g, B HiA 4k
PR 4.14% ~ 28.34% ; W3NO Ab 3 9 A AC 5 B &
17 (45.69 mg - 100g™") Fe /i, B HAB AL AR 0.59%
~22.08% ., Zi b AAC BT AR R K 4 T ks
A i A I s

228 EBeE KO MEMEE KRR E L
MR AT A T & 7t (P<0.01) , 7K B8 BAE FE XA AT 24
W& BN SB35 (P>0.05, 26 2) o AHTRI K 43 I 45
AR T e I it S 0 S 1 S b
TE NO N2 Fl N3 4544 °F , M e S By 2 it Bifi 7K 43 e
FREE IR 2 W1>W2>W0>W3; 78 N1 &4 F, M
ST B e K A3 TR FE R MG R 2 W2>W1>WO0>W3,
W2N1 B S & (18.49 mg - ¢ ) He iy, B
M AbFRER T 8.54% ~ 65.98% ; W3INO Ab 3 i) s i &
H(11.14 mg - g7") SAIK, B A AL PR 55 12.42% ~
39.75%, RIHRE 7K 43 5 SR it 0 i s T i 3 4
FHHAC B
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Table 2 Effects of water and nitrogen regulation on the nutritional qualities of wolfberry
i} =N Iy A~ EL 4 A~ EL
Qb T T:;zﬁgsjgis Puiff(’iafdes Q%&ﬁi EHSE N il o it é’ﬁi% C ol . B L T(l):‘fjijeils
Treatment content content Amino acids /(g - 100g_l ) Fats contefllt Vitamin C coritl(énl Flavones cominl content
/(g 1006") /(- 100g) content/ % /(g+100g™") /(mg-100g™") /(mg-100g ") /(mg - g
WONO 46.42efg 4.69d 6.65def 10.45def 1.93ab 34.13ef 51.83cde 13.15¢cde
WON1 49.78bc 5.04bed 7.93cde 12.90ab 1.79ab 37.06de 52.50bed 15.83be
WON2 49.77be 5.11bed 9.08abh 13.94a 1.89ab 40.78bc 52.45bcd 15.08bcd
WON3 48.89cd 5.12be 8.65abc 13.01ab 1.94ab 38.48cd 54.78abc 14.49bcd
WINO 48.66de 3.71f 6.66def 11.64bcd 1.84ab 38.40cd 51.53cde 14.04cd
WINI 50.94ab 5.34h 6.78def 12.30bc 2.00ab 48.07a 56.21ab 15.24bed
WIN2 52.63a 5.74a 7.29cde 12.78ab 2.13a 46.97a 58.64a 16.91ab
WIN3 48.86¢d 4.26e 8.22bed 10.77cde 1.92ab 42.57h 52.09bed 15.75bc¢
W2NO 45.26fg 3.95ef 5.42¢ 9.54efg 1.79ab 36.39de 47.59¢f 13.29cde
W2N1 47.17def 4.93bed 6.60def 11.56bcd 1.95ab 40.96bc 52.00bed 18.49a
W2N2 47.66de 4.87cd 8.18bed 10.48def 1.90ab 43.57b 50.94cde 15.18bed
W2N3 47.14defg 4.09ef 10.09a 9.91ef 1.89ab 38.74cd 48.19def 13.80cde
W3NO 45.01¢ 3.79f 5.45¢ 8.87fg 1.46b 33.19¢f 45.69f 11.14e
W3N1 45.94efg 4.09ef 6.23efg 9.34efg 1.68ab 34.85ef 49.51def 12.72de
W3N2 46.64efg 4.05ef 6.80def 9.06fg 1.59ab 33.97ef 47.64ef 13.42cde
W3N3 45.76efg 3.71f 5.89fg 8.12¢g 1.56ab 32.61f 45.96f 12.79de
# Factor J7 2245507 Analysis of variance
W E E S * * ok * sk sk k3k *3k
N ® % ® % ns ® % ns % %k %k EES
WxN ns ® o ns * ns # ok ns ns

T A RVNE B 3R A R K AL B R R PR 25 5 .3 (P<0.05) . W SR7K M AbBE N it AL I, WxN S IR AR, * « FoR
Wi B35 (P<0.01) , = /R0 5.3 (P<0.05) ,ns 2R T2 (P>0.05) ,

Note ; Different lowercase letters indicate significant differences between treatments under different water and nitrogen treatments ( P<0.05). W is wa-

ter treatment, N is nitrogen application treatment, and WXN is their interaction. * * means extremely significant difference (P<0.01), * indicates sig-

nificant difference (P<0.05), ns indicates no significant difference (P>0.05) , respectively.

2.3 MiERBREEIEN

23.1 ATHE—FHERGM R LEZ LT
B SR ERL S M A SRR R AT AR A K
8, I FE AL RYRN TOPSIS A7 43 51X 16 ASAb#H#
FOAR SN 5T 5 5 5% 5 B T2 A0 E N (R 3) .
4 PSSR PP AN (B HE 24 A0 22 K, HHE A An i 225
0.00~2.99,

232 MieHFE—FNER G FATHRE 4 Fpp
— PPN BRI P 25 Y Kendall AH5C 25003 4 A
INo B BIRPEAN(E 5 HA 3 RPN (R[] (1Y
R BOIIE R 0.722 ~0.874, 7 W] & B — LRI 1)
TEA 45 5 22 ] AH DG M At | L v 0, S 36K 32 43 B A
U5 H A, 3 MRS B AH 56 REIE /N, 0.722;
SR PR EICR TR 5 At 3 bR 7R 1) AH OC R B0
K, H00.874, #E—RH Kendall-W Il 22 50K 5K
P 4 B — PR R T B PR S —IR
1154535 Kendall-W BpF1 R EL W=0.436( P<0.01) ,
MX*=m(n-1)W=19.61 <X}, (15)=30.578 Al
ST — B 5 S BR 2 R4 o B R A
Kendall-W 3 Fl1 2% W=0.766 ( P<0.01) , W x* =

m(n = 1)W=34.47 >X2,,(15)=30.578 , £ HIF 4 3
PSR LA AR, Tl A2 A — B

233 A& FMERME  FRE R IR AR
SEFTAS I By A b SR PS4 L AR Borda 24
TR 23 4G 45 B0 — TEAN A AL 25 SR G 21 5 OF
MR (K S), FrA IR, A 8 ML PEMH
HEZ AR E2ZETE 1.0 AR5 A 4b B ( WON3 |
WIN2 W2N1 W2N2 F1 W3NO) i ¥4 18 HE 4% b 1
20 0, KW 2 Pl G IEN BRI PE o 45 2R — Bk
R

234 AHFMBERGFESELR X2 MG
WAL B HE (5 3 A B — 8L Y HE Y i AT
Spearman AHXCHE BT (£ 6) KB, 2 P4l A PF A 11
R AR 5 2R B4 E 5510 0.9116 F10.9123, F B4
BV RRY 5 4 B — PP A5 70 1 285 R A OC PR AR 98
i Spearman %A ¢ R A IS K90 (8 7) 45 R AT
YA 2 A Borda 41 & PEM ALY ¢ (4K
T .00 WG T, B 2 B4 G D455 20 35738 0 — B
PERGE, HorP AR Borda 20 A PP R RL (1) ¢ (HAE K,
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Table 3 Comprehensive evaluation results of wolfberry quality based on a single evaluation model

RSB R SR R BT B IR o
Principal component Membership function Grey relational degree N bR
Ak analysis model analysis model analysis model TOPSIS f5{2 Standard
Treatment N N p N p TOPSIS model ..
WA He4 A HE4 A He4 deviation
Evaluation value Ranking  Evaluation value Ranking  Evaluation value Ranking of ranking
WONO -0.07 9 0.42 9 0.68 13 0.37 10 1.89
WON1 0.70 5 0.61 5 0.78 7 0.59 5 1.00
WON2 1.06 2 0.70 2 0.79 6 0.70 2 2.00
WON3 0.93 3 0.68 3 0.77 8 0.64 3 2.50
WINO -0.22 10 0.38 11 0.74 9 0.38 14 2.16
WINI 0.83 4 0.66 4 0.81 5 0.61 4 0.50
WIN2 1.49 1 0.82 1 0.84 2 0.71 1 0.50
WIN3 0.22 6 0.51 6 0.85 1 0.54 8 2.99
W2NO -0.90 14 0.20 14 0.70 11 0.23 13 1.41
W2N1 0.17 7 0.49 7 0.82 3 0.55 6 1.89
W2N2 0.16 8 0.49 8 0.81 4 0.55 7 1.89
W2N3 -0.26 11 0.38 10 0.73 10 0.51 9 0.82
W3NO -1.31 16 0.09 16 0.64 16 0.07 16 0.00
W3NI -0.80 12 0.23 13 0.66 14 0.21 14 0.96
W3N2 -0.81 13 0.23 12 0.69 12 0.23 11 0.82
W3N3 -1.19 15 0.14 15 0.66 15 0.12 15 0.00
®4 BFMEEFER Kendall X R
Table 4 Kendall correlation coefficient of single evaluation model sequence values
R AN 45 BT R 7R S o B KA 7 TR A e .
o TR RRREOHTI RO
Principal component Membership function  Grey relational degree .
Model . . . TOPSIS model Mean value
analysis model analysis model analysis model
F A 5B A
Lo ERSSARL . 1.000 0.967 0.622 0.874 0.866
Principal component analysis model
SR R IR
iﬁlﬁﬁwﬂjﬂ%:& 0.967 1.000 0.622 0.908 0.874
Membership function analysis model
R e, YK B TR TR
m@?&ﬂfﬁﬁ*ﬁfii 0.622 0.622 1.000 0.644 0.722
Grey relational degree analysis model
TOPSIS #£% TOPSIS model 0.874 0.908 0.644 1.000 0.857
x5 ETHAFMERNARERESTENER xo6 HAAEMEBEE —TMHIERIE Spearman HHX R E]

Table 5 Results of combined evaluation model

on quality of wolfberry

Table 6 Spearman correlation coefficients of the combined

evaluation model and the single evaluation model

; oy N S R K v
HfE W) Borda 21434 ?U:; f‘f&f TR e I
e HERE SrHTisEy i TOPSIS
Average value Fuzzy Borda combination " "'"” ” . Ay BT AR " HE
i b2 A Membership | . il

Jib 3 method evaluation . Grey relational Mean
T — — Standard Model function deeree analvsis TOPSIS value

reatment EL+l1ﬁﬁ Hi4 El+l1ﬂ1'ﬁ H4  deviation analysis 8 ;r;o del Y model ’

valuation Ranking valuation Ranking of ranking model
value value —

WONO 044 1 2.74 9 1.41 ik 0.971 0.803 0.963  0.9123

WON1 0.67 4 18.23 6 1.41 Average value method

WON2  0.73 2 24.28 4 1.41 O Borda 2414

WON3  0.66 5 18.82 5 0.00 PR

WINO 0.44 12 2.33 10 1.41 Fuzzy Borda combination 0.953 0-879 0.903  0.9116

WINI 0.70 3 30.04 2 0.71 evaluation model

WIN2 0.80 1 53.36 1 0.00

WANI 0.60 3 11.36 p 0.00 Table 7 Post-test of Spearman rank correlation coefficient

W2N2 0.64 7 12.86 7 0.00 A Combined model t{f ¢ value

W2N3 0.54 9 1.44 11 1.41 ¥E Average value method 16.674

W3NO 0.27 16 0.00 16 0.00 KO Borda 20 &SP R .

W3NI1 0.41 13 0.30 14 0.71 Fuzzy Borda combination evaluation model ’

W3N2 0.45 10 0.48 13 2.12

Al -
W3N3 040 14 0.01 15 0.71 fooon HY i 52{F Threshold of £ 10.828
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2.4 EFIEH Broda A& TFMEER M#IE Kk &mME
Rz [B] Y3 53 47
DAt 0 (X, ) K 2 (X,) A H BT
B Borda ZH &5 PP RLHY (4 M AL T BT EL(Y) R
AR EE AT I H 3T, A 13 5 F2 Y =-0.00115X] -
3.03314x10-4X2+1.96848x 105X, X, +0.83961X, +
0.16366X,-145.72516 , X 17 i EHAG 10 & 2, P

R L
SCHL,

<0.05, H R*=0.670, #— L1t HE A, HEAKE N
366.74 mm Fljifi & N 284.69 kg - hm >}, Hifd 25
B BT (31.36) F oK 5 LLIA B S KIFME 1Y
95% LA 1A H bR ( BRS KIFANE 1Y 95% B LA T B B
X I ) 7K i R R L ) | A5 K U 1
4390 K 348.40 ~ 385.08 mm Al 270.46 ~ 298.92 kg

-2
«hm™,

W ** N:*  WXN:ns W ** N:*  WXN:ns W:ns N:ns W2XN:ns
12—(Agd - 25 1 (B) 2.50(C)
abel a abed a a a
bed abab%de b abcb bed abe a ab gbedab a.a a g
| 4, bede ababed?h. ¢ def £ >< a agaa a N

10 ‘I"I'_I_'I' '1:} E-Cd ‘Ic‘d:lL} “Cede g ode _rrcdef - cdeh o odef o lypder 55 oL R T
= 20 F 175 def "7 def defd® 2.0 HH T T4
£ H ’_T['-}—I—_I_ g H =H |- THE -I-—I—_I{ E T 111{-
= 8t £ 2
< S 15F S 1.5k
= 2 @
< 6f o =
i 10} = o}
& 4t = =
= NA ¥

B st =05
2 I R‘/ N
0 0 0
Wwo Wi w2 w3 Wwo Wl w2 w3 wo Wi w2 w3
/K 43 1 4% Water regulation 7K 43 i #% Water regulation /K 43 1 #% Water regulation
CNo N1 N2 N3

A RINE TR R A ] K AL B R 22 5 53 (P<0.05) s W /K 200 N i AL 3, WXN o —F A TAEH; + = TR
M 2 2 (P<0.01) ; = FRFLI I E (P<0.05) ;ns TAREMA EE (P>0.05) ,

Note: Different lowercase letters in the same figure indicate significant differences between different water and nitrogen treatments ( P<

0.05). W is water treatment, N is nitrogen application treatment, and WXN is their interaction. * * means extremely significant difference ( P

<0.01), * Indicates significant difference (P <0.05), ns indicates no significant difference (P>0.05).
B2 skEFEITHRE MR R

Fig.2  Effects of water and nitrogen regulation on appearance qualities of wolfberry

PF 41 {4 Evaluation value

—22.20
s o i
g 40 —6.12
s 30 —0.76
g 20 4.60
§ 10 9.96
& g 15.32
e 20.68
&10 26.04
BE —20 500 31.40
0400ﬂ
e 200y e
Iry; 100 Q‘s‘, "\o(\
"8ay;,, 5000 2l e
/m m e ‘)_16“ a9

\\\-\\( o%

B3 KEFESHIERRITEMERNEIFEE
Fig.3 Regression model of water and nitrogen

regulation and quality evaluation of wolfberry
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3.1 KERIFEXNWE &R

pit SO A48 ) R A 7 R ) L B AR AR, AT
SMULaR A AR A SRR MR 18 8, B IR 1R
PR AR S 2 B R dE AR C AR
K AN it W A it J5 11 S PR I

=3

&

|SRLSA
7E 5

BT KB, [R)—7K 3 45T v A o i 20 T 38 KA
FOIRSEIRAR | Bt 7K 53 77 SR BE e A AT SR A 22 e 3
J B FE A A AT SR 4K T it 2 i 39 n 2 S 1 S B R
e Bl o377 SRR B IR S A R B SR 45 Bk
Jith SRR N A K 43 SRR E 0 ) 2 S KR A S 5
s ULIHEE EAK A A A Re e E R AT SR S K
EARWF G 45 T, RIREEY A Zhang 26 78 1
AR P & B, BRSNS R R A C
MEFRER G ESHAEZWMHL LR, XTTHER
DAL Sy 305 il 2 ] 4 o IR T T, R R AR R X
IR RSSO, A AR A 1, 30 e 2 4 T
JESE Y A gE e BH WV K R A AT
B Z2 0 5 i S ST 0 5 R AR R 3, x5 o il 45
e E T AT B A I A5 A AL 2P =
FEVEIK 225 m® - hm B S 2R G Y e v
A5 & IR A R K SR T AR Ak RT i v R
SERCAHE ZKORT v E K A T R 5 SR AL, 16
HEK it Z2 sl DS I T S S RO R 20 R A S
MK T B AL BR G & 7 W 1R IR A A
AT AN B A B A BE EE 4, I pRSE A 7 W ) AR R A
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BB A A I & B i it 2R N K
i AAC AR G B S e e PR R B, X R
PRI A E i 280 it 1 BN 22 A A BE 0 It Jn T
SFARR T, AR T Ui B R I R 1) 5 i, S A BRI AR
i ARRFFR A, W2NT A3 A S o i
K H A PRI = T 8.54% ~65.98%, % FH &
DR A 36 ‘B ) 7 R 9 T LA /D 7K 43 ) T R B ARG /K
3% SR R AN | DT $ A ATt I
3.2 KEEETHIRARMNESEN

P ML S T 25 B VRN BT | 23 T 45 DA A 7Y
X K AL 7 1 e 1, AN A B T A BRI K AL R
U8R T4 A AL A 2 KO o ARBESE R LA 4
Mrids SR Jm R R 8 JCHK BE VA R TOPSIS i 4 Fp
BRI 16 4~ 7K ZUAL PR A AT o R AT 25 AV
W& B, 4 FIBITITTA(E HE 44 AH 22 0K, JLHE2 bn o
4 0.00~2.99, X FEREH TAFETE 77 5
S RN EE AN TR) (o A5 4R BB < A5 B R A [ B
WA RS D AE 4 FRPRMY b SRR R Bk
(R 285 5 5 H A, 3 5 ik ) AH DM (B B K, LAY
(e, 38 FH T 75 ZLPL AR EEAN 45 SR T . AR A
FUil I G K & B, A5 Borda 4 A PFAN AR 1) ¢
{HEK, PPN S R, X AT RE R i T AL 5
R [ S BT B — A AR R 5 SR 4 DA (B A
HEFFAE, FOH S ) B L 50 Borda 351
SEIFAHIT X P REVR T (E AR PR 2o 7 rp R L
T4 B — PPN AR S R B PR, TR (E BT
Mfs B L, R, 3 2 Fh LA P B R e ARl A=
FERBIHEREE AN FE B T BOM Broda 41517
WAL A M AT i BT 25 A PR (-5 7K 0 = 1) A [l
H R, — IR BON IE , IR IR Bk B, U
A it J5 S 15 ot 8 7K R it 220 1 398 i 2 S 36 i s
WS 32 B IR R ECR B B0 K A R AE A R
GO, KA B A R T B = M A i B 2R A VAN
B, FEAESE e, N AE K 5T A Al L DR
il B A TP K it A, DR K PR AR TH A 45

i
4 4 e

1) [A]— 7K o3 i 471 AR g i 40 m) i v g A 2R
SEIRAR K 375 SRR EE N R AR A SR AR R S
FE A A AT R i it R0 o 2 S S R R A B
K35 SRR IR 2 ARG 3 s M AC SR 48 BB e
R IR 3 75 SRR B2 I 2 S B AR S 1
P, WIN2 &b 3 M A b (52.63 g - 100g™") (£
BE(5.74 ¢ - 100g™") AEWH(2.13 g - 100g™") HEH: %

C(48.07 mg - 100g™" ) 1 Ff 7 & (58.64 mg -
100g™") ¥If% i , W2N3 A BRAY Z AR & 5 (10.09% )
e, WON2 AbFH A 2 11 0T 7% £ (13.94 ¢ - 100g™")
i, W2N1 A BEAY S B & i (18.49 mg - g7') Fie i,
Berp ROk A3 ik AR it K P A AT R AL R
SEAM ULt JBT A SR i BT AR A

2) K B 534 SRR R AT BT R 6 Ok
JFE 3 A A TOPSIS BEAY A5 1) 25 A BRI (1 HE 44 A
— B A SR B T IS A B AR B T 4
5 HoAl 3 Fh A AY Kendall AH 56 2 B i 1
Kendall-W M FI RECF RS, AT AT S

3) E{E H FIBOR] Borda 75 5 4% B — A5 761
PN A Y Spearman #H5C R ¥4 7E 0.803 LA L, HAH
W1 Borda 21 A PP AR Y (14 4H G R 550 TIME

4) XTI Borda 21 A PEA LAY 1) M AL b 5T
PEMEEAT A 2 Hr A5 K UHE R 435 oy 348.40
~385.08 mm £l 270.46~298.92 kg - hm i}, MjAC )
gib .
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