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1.1 RIEMR

AR T 2011 4 4—9 FAEPGILARMBIEK
AR K A TR SR S A S5 T KR
PRI N A R AT . RIS A7 T 108°04'E,
34°20'N, 4EHyH M4 2 163.8 h, JoA] 210 d,

BRI 24~31°C/14~19°C . HERF A k4
M1 5. gkt oyt pHE 0, 3 pH N
7.8, HHUFURE D HN 6.49 gkg, R W4
BT 0N 0.784 0.39 A1 10.90 glkg, Bk
B~ AR A T Ay 200 A 10.08 411
A1 98.20 mg/kg, HMIFFFKE 24%. FHHEERT 1
20 kg. 4 A 11 HET, 5 H 13 HE#. BEET
RIpe/K 2 MR K T2 . 8 H 17 54T,
PUREAE, 9 H 7 HikE 45 0.
1.2 Rt

TR PR 2 E K 2 LA B B I H = (3R
1) o SEAIVUIE IEAS HEfk & et 172 5,
23 MEPERAS, 4 IRER, B 1 HRHA, 3t 92
W, ML AIHES . SRTIRL S, R ae KR
1T 55% M FEK SR (5 H 26 H) FFUR#E KA,
TH R A o R KN TR R RE K o, LR 7K ) T
T TR TR AN L, — B 2~3d 1 K.
BAEEIHEK 47 Ko AR5 4 R 2
SRR S FIAR IR . WEAE— Ik PEE e . FIEFIER
R 1 D 2 i, SO IB R MIFE S AR K
W6 H 18 H) Fss — A (7 H8 H) b
REAKTN o TR0 7 58 M 25 b 3 B AR I & L3R 2.

F1 R ERKTE KRG

Table 1 Designed variable levels and codes of experimental factors
_— AT B
Ft%rs %;Ig\i}ff Designed viil?ligiﬁ cﬁo(?es ear codes
-1.682 -1 0 1 1.682
/K 2 Trrigation amount X, /% 23.78 20 36.22 60 83.78 100

A N rate X/ (gkg™) 0.29 0 0.19 0.48 0.77 0.96
i P rate X3/ (zkg™) 0.066 0 0.107 0.264 0.421 0.528
WA K rate X/ (2kg™) 0.105 0 0.17 0.42 0.67 0.84

Ve X AR KPRE KR o S0 o 98 /K M 2 P ) 5 7K T P v KT E K PR T 0 B R o Ko R X 3 il AR T 58 PoOs KO BT Py K R

FRe

Note: X, indicated each irrigation amount level’s percentage of the higest irrigation amount, which was calculated by the difference between the field capacity
and actual dried soil water content and the soil weight concerned; Xsand X, was expressed as P, K content per kilogram of P,Os and K,O, respectively.

x2 RBRAR
Table 2 Experiment design
JiSLiRss HEK it it Tl 1 iRz Wb FE HEK = iR it Bt it
No. Trrigation amount N rate P rate K rate No. Irrigation amount N rate P rate K rate
1 1(53.464) 1(15.4) 1(8.42) 1(13.4) 13 0(40.257) 0(9.6) 1.682 (10.56) 0(8.4)
2 1(53.464) 1(15.4) -1(2.14) -1(3.4) 14 0 (40.257) 0(9.6) -1.682 (0) 0 (8.4)
3 1(53.464) -1(3.8) 1(8.42) -1 (3.4) 15 0 (40.257) 0(9.6) 0(5.28) 1.682 (16.8)
4 1(53.464) -1(3.8) -1(2.14) 1(13.4) 16 0(40.257) 0(9.6) 0(5.28) -1.682 (0)
5 -1(27.033) 1(15.4) 1(8.42) -1(3.4) 17 0(40.257) 0(9.6) 0(5.28) 0(8.4)
6 -1(27.033) 1(15.4) -1(2.14) 1(13.4) 18 0 (40.257) 0 (9.6) 0(5.28) 0 (8.4)
7 -1(27.033) -1(3.8) 1(8.42) 1(13.4) 19 0(40.257) 0(9.6) 0(5.28) 0(8.4)
8 -1(27.033) -1(3.8) -1(2.14) -1(3.4) 20 0(40.257) 0(9.6) 0(5.28) 0(8.4)
9 1.682 (63.038) 0 (9.6) 0 (5.28) 0(8.4) 21 0 (40.257) 0(9.6) 0(5.28) 0 (8.4)
10 -1.682 (17.485) 0 (9.6) 0 (5.28) 0(8.4) 22 0 (40.257) 0(9.6) 0(5.28) 0(8.4)
11 0(40.257) 1.682 (19.2) 0(5.28) 0(8.4) 23 0(40.257) 0(9.6) 0(5.28) 0(8.4)
12 0(40.257) -1.682 (0) 0(5.28) 0(8.4)

TEe 485 BT N S A B KL SE R A, Hov, WK RA L S

WAL R AR g5 155 L AR o i i

Note: The data in parentheses indicates the actual amount of irrigation water and N, P, K rates for treatments, and data in front of parentheses is the coded value;

The unit of irrigation amount is L, and the unit of N, P, and K is g.
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7 J S AU AR, A RRBEHLIEE 2 A
SRR SE, RTINS K, IS AT 0 #r
AR P B K RHBO-90 5 T 45 37 5 4%
(LINK, Co.Ltd., Taiwan, China) "“™ll5z; alysthgs
KA e e, T E®R R
0.1 molL""NaOH i sz 3"l s 4425 C R4
15 L e T AL 2SR A EV300PC HL S 4
Sh-B] WA 696 B vk (Thermo Fisher, USA) ©”
MW5E .
1.4 BIELEBES5HH

A AHP V1B M @I R PR A R (B 1D,
WU T 25 8 IR W 2 S O S R R A o
WERE. RH 1~9 dRBEEELER—A 2R & VF
M FEhR A T BT PR LA, A AT . 1l
USRI S ANER, alEdax EE, R
O, R, FREE . (7 300 4491
e M &5 FAAT M R A, K H RS 300 44,
Hp L kR mdE s 0, Bgmn skl
AU R A5 295 13, WIRTHL 7 10145 5 4y, 405 )45 220
B3, WIEE RN T5%. K5 G474 45 F R
EXCEL #AT°¥34, KHIET AHP VL[ yaahp0.6.0
BAE T 20 BT 0T

KRG #AE DPS7.05 Witk fe oy #r &5 5L,

13 20T M 2558 R W TR AR VR (B 5 35 R 1
SO K% 2 DT T R AR IR, R
FHBRYEDS:, AT 25 K B IR 60 5 i 4558 5 b T 1)
SEMRN . SR EXCEL S B dhA T A0 |
TOPSIS 2 A1 s B IR AR (1) 757 . K A MATLABG6.5
AT T HR IR 0 4L & BN v et 41
RESHL A — s, HFLHME KR kA
SPSS16.0 ZETH A5 6 A5 At B8 7% 5 it Fia b LA
TGy T AR 7 3t H 5 IR b T SEUAE RN TOPSIS %
fiff 58 I A AL BEHE 54T Spearman AH2E 43T

2 FER5SH

2.1 HFmBE-EFMBUETNERNHE

i L IR A TR RR T8 AR A (G 3D
R, A IERIEY S 4EA R C WA IEATR,
PP SRR A W IR ARG, AL R AR
7 C AR R BRGSO 0.05 (12K R
WY B — g ST S IR i it B, AR L TRl —
e A (AREERTEYE TR i 4EE R
CJmTrAd it 5T,  FLAG A IR L b 20 S A
(RIS B A L, DI, 308 IR B B —Fa ks
Z B R EENE, RN AT, f
A TR — TR R L SR A TR bR, 0 A i
B IR AT R AERA VT o

MR A SRR
Comprehensive nutrition
quality A

B H bR
General goal A

I
JAH it JiC
Flavor quality B,

[ l |

S| e | | e | | e
SHI /bl Soluble Titratable | | Sugar acid
oub’e sugar C acid C , ratio C
solids C | 12 : 1

I

Hfik fh 57 HE
Health quality B, Rule hierarchy B
Bt || HERC sabi
Lycopene ! ag”" Index hierarchy C
21 22

B 1 FihERouERER
Fig.1 Hierarchical model of tomato nutritional quality

®3 BMB—ERBRIER

Table 3 Spearman correlation coefficients betwee

[8] B9 Spearman 83 2 %

n single nutrition quality indicators of tomato

A T AV TERE s PR L YeEFE C FALLZR
CIRRE 4 . o
4 Soluble Soluble Titratable acid/% Sugar acid Vitamin C/ Lycopene/
solids /% sugar/% 0 ratio (mg-100g™) (ugg™h)
A FE 4 Soluble solids/% 1.000
[ TERE Soluble sugar/% -0.121 1.000
A€ B Titratable acid/% 0.153 0.201 1.000
B LL Sugar acid ratio -0.146 0.907%* -0.141 1.000
4i/E 2 C Vitamin C/(mg-100 g) 0.451%* 0.005 -0.050 0.004 1.000
T4 % Lycopene/(ug'g") 0.188 -0.054 0.061 -0.023 0.408 1.000

T *RYIE 0.05 K LR EMMICNE; **RUILE 0.01 KT EBEIIAHRAE

Note: * and ** means significantly correlation at 0.05, and 0.01 level, respectively;

, NI FEAS n=23; r21,005=0.413; r21,0.0=0.526.
The same below; The sample size n is 23; 121, 0.05=0.413; 721, 0.01=0.526.
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2. 1.1 RA AP AR ERE—BRSMIGARE  AEE, @I, AT S 2 AT Y
WAL B TR M PV b KGR, W JCRFRIBE R B AABE (8 4, RARTHRINA
A AT R RKR N E RS FRRBRL 030D o SRR, Bl IR TR
K1 . RPN, FAMLLEE>YEA 3 C> nl [ e >
D BRAFAS T AR bR B WA, ARIG IR Wy > B b > W e IR
K4 HIUREHFRRA A AHP BT HLER

Table 4 Pair-wise comparison matrixes and weights from AHP (analytic hierarchy process)

FITAEE e S et
Judgment matrix Local weight ~ Ultimate weight parameters
W FHFE Az B JP Index B 5 i = CR=0
General goal A~rule B, 1.000 0.970 0.492 0.49 Jnax=2-000
hierarchy B B, 1.031 1.000 0.508 0.50
JEH5 Index Cp Cpp Cis Ciy W g
WEN B35 C Ci 1.000 2.187 2.934 2.433 0.442 0.22 CRe0.029<0.1
rule hierarchy Bj~index ~ Cs 0.457 1.000 1.667 0.504 0.175 0.13 a7
hierarchy C Ci3 0341 0.600 1.000 0.429 0.121 0.06
Ci 0.411 1.984 2.331 1.000 0.261 0.09
WL B~ ¢ IR Index Cu o M i CR=0.029<0.1
rule hierarchy B,~index Cy 1.000 1.232 0.552 0.28 I ;24000'
hierarchy C Co 0.812 1.000 0.448 0.23 "

TE: CRAZFE—FERLRH (<0.1) 5 F8FR)2 CXFHARE A B —SVER G R4 CR=0.029<0.1, HIRAHARERE—Ehk; W, 80K B EANTT
F0f Hbr)E A BEZERUE, A REAE, Wy Al We KIERAE: 0, 98 B EAHN TCHAT B B AR A ZMERUE, op T op KL Ana 25
KEFIEAA

Note: CR is the check coefficient of matrix consistency and the accepted upper limit is 0.1; CR of object layer C to target layer A is 0.029<0.1, meaning the
overall satisfaction with the consistency; W, means the local weights of layer B according to layer A, and the same goes with Wj; and Wjp; w4 means the

ultimate weight of layer B to general goal A, and the same goes with wp; and @p>; Amax is the largest eigenvalue.

2.1.2 RABAGE A EHBE— SRR E

JHI 28 ot B8 7 b SO bR S0 B0 R 3 i A
AR, VPO AR AR, SRAIRIAGETH S
EPRINEAACE (£ 5, B3 oo™ .
ZERRWL, A IR b TR AS R K B AR B
IRPEEHEFRy, FANEL 3R > WEIR b > m] s pnl > 4/

7 C>METEMIEY > A ER. MiPlkY AHP
T2 AR A0 DR AR i S5 > AR i, LA
ML S, AT E BRI, (R AR A5 FR b
JACE IR AN, Bt A EBEA AR 44,
BILKs 2 Bl VA E MPCEEAA TS -

x5 IBPUEHENERE—EFRBRIEFNE

Table 5 Weights of single tomato nutrition quality indicators based on entropy weighting method

15bF Index B, B, Ci

Cis Cus Cay Cxn

BUE Weight 0.488 0.512 0.098

0.0282 0.183 0.364 0.148

T By WRRA G B2 ARSI Co W RENERED,  Cio b WETERE, Con NATRERR » Cia AHEIRLE Co WEMAR, Cop MYHERC,

T

Note: By, Flavor quality; B2: Health quality; Cj;. Soluble solids; Cj». Soluble sugar; C,3. Titratable acid; C;4. Sugar acid ratio; C,;. Lycopene; Coa.

Vitamin C , the same below
2.1.3  RALFHEF LGB BRBGEN F kA Z
F i —sn R AGATE
X6 T 7 00 R R b TR s P R R A ) A
KH Bk 2 ok e brdt A rAUS . 1538 2 MR
PR ) 5 (), ATRIE— AN EEA IR E S, o)
B 7 PR e R ) o AR TSRS AR
GREIERIT (R 6) , 13BN/ E T A
I e (RO AR G R RS 7 12 Sk -

i
T

Zaj uj

Jj=1 2

R a RS RE, WA o 55 BUE
i) B R 2 d /M, DA Bl S A 1) 2

Min ,i=12 (D

MRYEFE R R, Al 45 2 LA i —
S AC AR

@msawﬂﬁjzpw? 2
0.198 0.230 )la, ) 10.230

I Matlab # sk #3 E IR & RN -
a1=0.213, a,=0.817. ¥ H A4 J519: 4] =0.2069 ,
a, =0.7931,

M 6 RTLASH, o 40 3= AT e AU
(0.347) , BERRLLIKZ (0.172) , Wi BRI

(0.035) fxfi. e o8 % ah UK i A H
WHEFP Oy, LD > HR L > 4 3% C> nli ik
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Table 6 Weights of single tomato nutrition quality indicators from combination weighting approach based on game theory

FE¥5 Index Ci Ci Ci3 Cis Cy Cx
BE Weight 0.123 0.160 0.035 0.172 0.347 0.164
2.2 TOPSIS EKIFMBEMEESEFmR FAL—IE IR AR PR AR A BE, KM TOPSIS 4%, &

i T B AT B % TR E R TR AR IO, £ 2 AR ER SRS IR TR BRI
gt hrifE, DIUEASCR A 1) A s FIRTHERE 4,7 CRARH S ITES oo™« S
i SRER SEIE AT IO R A RN IE 1R FR, 0<4; <1, HlHEE 1, THLit g2 R .
£ o AREET RO SRBGEME T R A RN BT HET (R T .

&R 7 TOPSIS EHEMEMGEEEFMBIBRREHF
Table 7 Tomato comprehensive nutrition quality index and its rank based on TOPSIS

li EA Ci Ci Cis Cia Ca Cx d’ d A* ;HH.%E

0. Sorting
1 0.164 0.246 0.229 0.222 0.317 0.130 0.090 0.165 0.648 3
2 0.151 0.154 0.181 0.176 0.147 0.169 0.151 0.062 0.290 21
3 0.164 0.255 0.176 0.299 0.175 0.130 0.116 0.108 0.483 14
4 0.153 0.269 0.175 0.318 0.053 0.162 0.171 0.091 0.349 18
5 0.253 0.277 0.256 0.223 0.243 0.260 0.064 0.148 0.698 1
6 0.208 0.336 0.228 0.304 0.206 0.247 0.071 0.149 0.677 2
7 0.275 0.198 0.192 0.214 0.204 0.241 0.098 0.120 0.549 10
8 0.249 0.157 0.211 0.154 0.154 0.122 0.152 0.073 0.325 19
9 0.130 0.177 0.224 0.163 0.141 0.171 0.153 0.059 0.277 22
10 0.275 0.239 0.228 0.216 0.102 0.188 0.144 0.082 0.362 17
11 0.211 0.173 0.205 0.174 0.085 0.234 0.166 0.060 0.266 23
12 0.194 0.167 0.252 0.137 0.202 0.201 0.129 0.097 0.431 15
13 0.208 0.164 0.213 0.159 0.147 0.189 0.145 0.069 0.321 20
14 0.175 0.267 0.221 0.249 0.226 0.146 0.093 0.124 0.572 8
15 0.221 0.173 0.190 0.188 0.275 0.278 0.091 0.150 0.623 4
16 0.194 0.214 0.186 0.238 0.220 0.254 0.088 0.125 0.586 6
17 0.215 0.209 0.202 0.214 0.255 0.222 0.083 0.136 0.621 5
18 0.220 0.164 0.208 0.163 0.269 0.234 0.102 0.139 0.578 7
19 0.222 0.146 0.196 0.154 0.233 0.221 0.118 0.118 0.501 13
20 0.216 0.175 0.203 0.178 0.176 0.210 0.126 0.089 0.414 16
21 0.212 0.182 0.199 0.189 0.216 0.218 0.107 0.111 0.509 12
22 0.208 0.164 0.196 0.173 0.260 0.230 0.103 0.134 0.565 9
23 0.203 0.148 0.200 0.153 0.255 0.232 0.113 0.130 0.535 11
st 0.275 0.336 0.256 0.318 0.317 0.278
S 0.130 0.146 0.175 0.137 0.053 0.122
R 0.220 0.430* 0.154 0.423* 0.838** 0.509*

e AFRTRARRIWEIEE s SR SO IR B 5 1 BARA . D a9 AR A5 AL B AR R AN S BLAE AR A DB B85 R RORGEAETR N TR
55— 3 HEFP ) Spearman AC R B (P<0.05)

Note: 4;* means the relative closeness; S™ and S are the optimal and inferior ideal solutions, respectively; d" and d are the weighted distances between each
alternative and the optimal or inferior ideal solutions, respectively; R means the Spearman correlation coefficient between comprehensive quality rank and
single quality index rank (P<0.05).

XF o RS i IR T (IR IR g RS, SRS IR R LE A ZEAEER C 1321
FRO SCHIEAT TOPSIS 8 5E A& AL BEHEPBEA T ISP 2 3 IEANSG, L5 v MR YA vl i 52 1R
Spearman MK/ (K 7) o HERFW, Ml 47 RIEMIG. RUIME TOPSIS WEHE 17 Aisi &
R, SRR RGBT S IR T bR PR R R 1K) 25 AR PR P 5 K 2 BOR
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s B — b T FRBRAA E K 5 AL SR AR A, wT LU
K I3 BT 7K MBS I 6] 3% it 455 6785 % b T VD 5 )
2.3 EWLZEETFmBRXT K AL L #Y AE N

e SR8 R TR AR VP E AT IR
RIS, A5 H R K BRI & 4 AN KB 2 X,
BRIl ([-1.682, 1.682]) FIBMNLESE
S TFEARPENE Y IC R LU R AELE 0=0.10 ) 3
AT SIBRA R E SS 2D fa b R (F w=
3.84> Fy 50137217 :

Y =0.517-0.027.X, +0.064X, + 0.083X, +

0.026X, —0.052X7 —0.040X” + (3
0.049X? —0.025X, X, —0.025X, X,

L Xy Xoy XA XK R, SRR, i
Tl B A it B 1 1) G L
2.3.1 F—RARANERESTIR G0

B AR (3) R B EAE Si, W
A 7K NE DR 0 3 A 2555 55 i B SE MR RN -
(Si=0.121) >%( (Si=0.098) >/K (Si=0.073) =
B (Si=0.071) o XFEIABY (3 ) PEATIEYEALEE,
ALANAER I W VT A& TR ACTIE Y, AR 2
R AT, B LR 78 0 i HE 7K R it
PR AR R kit g 5w e R T48
P, SRR B iz (K 2) .
M 2 BT PLE L, KRS S B KT
i, AR TR, BN 30N T A
[P i S 5 AN =TT 5/ =17 N O =W [ oy VR
/Ny AR RIS BT, REK A EUIER I A T,
HEE KB IE KT R S BLEA 8T
ST e I 25 K N BRI 35 16 FH 4l 4y < I 0.528 g/kg
K1+, #IE 0.84 ghkg KT+, #EKE 53.82%,

M S L
iR 0.712 g/kg KTt
07r
—H
—P
o - K
J2311%,,,06' —+ N
=25
o
2=
Eg;o.s—
4 8%
o E
<2541
[Sa) 03}
2 1 2

-1 0
PR 7K G T i
Codes of factor levels

TE: Ho Py NOMEK AR R 7R R R 3K R R . SN AR HY o
Note: H, P, N, and K mean codes of irrigation amount, phosphorus(P),
nitrogen(N), and potassium(K) rates, respectively.

B2 XIEE A &G TR
Fig.2 Effects of experimental factors on comprehensive
nutrition quality of tomato fruit

2.3.2 PBAENERLEEST Idn T 94962

1) FE 7K 5 it 0 B X 3% 00 45 6 % o R ()
BN

FAEE (3D AT Ja 9 K o R it S o R RO,
KN 3 P, MK 3 iTLUE L, BEE#E
AKE RN, PO de e i ) it B D 1) 7 )
¥l BEAE A E RN, SR i m K
S T R . UK A 2 M AEAE AL HAE
R, B 38 A8 0N LS 7 0 48 15 78 77 i o R 4
T o Y WE K HAE 36.22%~60%. 7], Jifi 20 B A 0.48~
0.77 g/kg I, FWALEEE IR THRAR I R 5
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Construction of comprehensive nutritional quality index for tomato
and its response to water and fertilizer supply

Wu Xue!, Wang Kunyuan?, Niu Xiaoli!, Hu Tiantian'*
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China,
2. College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: In recent years, the nutritional quality of vegetables has been increasingly concerned by people and
investigated by researchers. However, the decline in vegetable internal quality is common due to excessive
irrigation and irrational fertilization. Although tomatoes have been grown successfully for many years, there is no
accurate formula or recipe on amount of irrigation or fertilizer levels to get tomato fruit with high quality. For
tomato fruits, the nutritional quality largely depends on the content of soluble solids, soluble sugar, titratible acid,
Vitamine C and lycopene, some of which are correlated with each other. Therefore, tomato nutritional quality
could not be assessed according to any one of these attributes. But the comprehensive evaluation of vegetable
nutritional quality has not been well studied yet. To construct a comprehensive nutritional quality index of tomato
fruits and investigate its response to irrigation amount and fertilizer rates of nitrogen, phosphorus and potassium, a
composite quadratic orthogonal regressive rotation design of four factors and five levels was used in a pot
experiment. The contents of soluble solids, soluble sugar, titratable acid, lycopene, Vitamin C and sugar-acid ratio
were determined for tomato fruits. By using entropy weighting method, the objective weights of six single quality
attributes were calculated based on measurements of these attributes. The subjective weights of these six attributes
were calculated based on the analytic hierarchy process (AHP) from survey data from both consumers and
horticulture experts. Based on these, the comprehensive weighting method of game theory was used to determine
the balanced weight of single tomato quality attributes. Results indicated that the attributes were ranked based on
their importance by lycopene>sugar-acid ratio>Vitamin C>soluble sugar>soluble solid>titratable acid. The
comprehensive nutritional quality index was constructed according to the technique for order preference by
similarity to ideal solution (TOPSIS). Moreover, a regression model on the amount of irrigation water and
fertilizers and tomato comprehensive nutritional quality index was established. Based on the regression equation,
the single, interactive and coupling effects of these four experimental factors on the comprehensive nutritional
quality index were analyzed. The results showed that the main effects of four experimental factors on the
comprehensive nutritional quality were ordered by P rate>N rate>irrigation amount>K rate. If codes of other three
factors were zero, the comprehensive nutritional quality showed a downward quadratic parabola in response to the
increase of irrigation amount, as it did in the case of N rate. It is interesting that an upward quadratic parabola
occurred with the increase of K rate. The comprehensive nutritional quality increased linearly with P rate.
Interaction between amount of irrigation and N, P and K fertilizers significantly affected comprehensive quality of
tomato fruits. It indicated that comprehensive tomato nutritional quality decreased with excess input of irrigation
amount and N fertilizer, and could be improved by appropriate supply of P and K fertilizers. The findings from
this study also allowed us to optimize comprehensive evaluation of vegetable quality that could be used to study
the management of water and fertilizers in the future.

Key words: fertilizers; irrigation; analytic hierarchy process; tomato; comprehensive evaluation of nutritional
quality; irrigation amount; a composite quadratic orthogonal regressive rotation design with four factors
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