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Study on irrigation system of tomato substrate cultivation
in non-arable land solar greenhouse

ZHANG Yuxin, KUAI Jialin, MA Yanxia, WANG Xiaowei, KANG Enxiang, ZHANG Junfeng
( Vegetable Research Institute, Gansu Academy of Agricultural Sciences, Lanzhow, Gansu 730070, China)

Abstract: Through a solar greenhouse experiment, based on the cumulative evaporation rate (E) of a stand-
dard evaporating dish with a @20 cm diameter pan between two irrigations, 0.4E, 0.6E, 0.8E, 1.0E, 1.2E were
set as five different levels of irrigation amount, with an irrigation cycle of 2 days. The growth and quality of tomato
was evaluated comprehensively by CRITIC method. CRITIC method evaluation comprehensive scores were regarded
as the comprehensive growth and quality of tomato. Weight values of comprehensive growth, comprehensive quality,
yield and IWUE were calculated by the coefficient of variation method. Then, TOPSIS method was used to evaluate
the comprehensive benefits of all irrigation treatments. The height of tomato plants, dry mass of plants, leaves, and
fruits increased with the increase of irrigation water. The 1.2E treatment increased by 32.3%, 41.8%, 66.5% , and
39.6% respectively compared with the 0.4E treatment. The root dry mass and root crown ratio showed a trend of first
decreasing and then increasing with the increase of irrigation water. The 1.0E treatment decreased by 28.2% and

71.6% respectively compared with the 0.4E treatment. The CRITIC method ranked the comprehensive evaluation
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score of tomato growth as 1.2E>1.0E>0.8E>0.6E>0.4E, with the 1.2E treatment showing the best growth. The sin-
gle fruit mass and fruit moisture content of tomatoes increased with the increase of irrigation water. The 1.2E treat-
ment increased by 58.8% and 5.3% respectively compared with the 0.4E treatment. While the soluble solid content
and sugar acid ratio decreased with the increase of irrigation water. The 1.2E treatment decreased by 82.7% and
50.7% respectively compared with the 0.4E treatment. The contents of soluble sugars, organic acids, Ve and lyco-
pene showed a trend of first increasing and then decreasing with the increase of irrigation water. The CRITIC method
ranked the comprehensive evaluation score of tomato quality as 1.0E>1.2E>0.8E>0.4E>0.6E, with the 1.0E treat-
ment having the best quality. When the irrigation amount increased from 0.4E to 1.0E, the yield increased signifi-
cantly with the increase of irrigation amount. The yield of the 1.0E treatment increased by 66.4% compared with the
0.4E treatment. When the irrigation amount increased from 1.0E to 1.2E, there was no significant difference in
yield. The IWUE decreased with the increase of irrigation amount. The IWUE of the 1.2F treatment decreased by
28.7% compared with the 0.4E treatment. The TOPSIS comprehensive evaluation results indicated that the 1.0E
treatment had the highest comprehensive benefits. An irrigation interval of 2 days and an irrigation amount of 1.0E
can serve as an optimal irrigation system for tomato substrate cultivation during the autumn and winter seasons in
greenhouse conditions in the Hexi Corridor of Gansu Province.

Keywords: greenhouse tomato; irrigation scheduling; CRITIC method ; substrate cultivation; Hexi Corridor
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Table 1 Irrigation overview of each treatment

in the whole growth period

WE7KH: Trrigation amount/ mm

b3 i FRAEARRI RS R e E

Treatment i Flowering ~ Fruit Fruit Whole
Seedling | . : .

fruit setting enlargement maturation growth
04E 64 15.7 40.1 539 173.8
0.6E 64 23.6 60.2 80.8 228.6
0.8E 64 314 80.3 107.8 283.5
1.0E 64 39.3 100.4 134.7 3384
1.2E 64 472 1204 161.7 393.3
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Table 2 Effects of irrigation amount on tomato growth in greenhouse substrate cultivation

W BRfiem  EHUmm HHERLe PRl ETHLe RO THE s W IHe | R
Treatment  Plant height Stem thick Plant dry mass Leaves dry mass Stem dry mass  Fruit dry mass  Root dry mass  Root-shoot ratio
0.4E 167.0e 12.78b 153.76¢ 37.84c 31.66b 78.95b 5.32a 0.0357a
0.6E 179.9d 13.17ab 166.79bc 41.48¢ 35.48ab 84.88b 4.95ab 0.0306ab
0.8E 195.2¢ 13.74a 176.88b 44.93bc 37.04ab 90.16ab 4.75ab 0.0275be
1.0E 204.6b 13.36ab 205.33a 54.65ab 40.80a 105.73a 4.15b 0.0208c
1.2E 221.0a 13.68ab 217.98a 63.00a 40.16a 110.19a 4.64ab 0.0217¢

TE : RSB 5 A [l NE B3R A B A 25 5 .25 (P<0.05) , Rl

Note: Different lowercase letters in the same column indicate significant difference between treatments ( P<0.05). The same below.
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Table 3  Chemotactic and standardized value of growth evaluation indexes
Jb B N ZEH FERRT i T B ESNiis REET i i b i R
Treatment  Plant height Stem thick Plant dry mass Leaves dry mass Stem dry mass  Fruit dry mass  Root dry mass  Root-shoot ratio
0.4E 75.57 93.02 70.54 60.06 77.58 71.65 77.99 58.26
0.6E 81.42 95.85 76.52 65.84 86.96 77.03 83.77 67.97
0.8E 88.33 100.00 81.14 71.32 90.79 81.82 87.36 75.64
1.0E 92.58 97.25 94.19 86.75 100.00 95.95 100.00 100.00
1.2E 100.00 99.61 100.00 100.00 98.42 100.00 89.43 95.85
F4 BIRERKITNIERNEX REBER
Table 4  Correlation coefficient matrix of tomato growth evaluation indicators
v - s MR MR ZE TR RSTRE RTRE He L
b P “HH Plant dry Leaves dry Stem dry Fruit dry Root dry Root-shoot
Index Plant height Stem thick X
mass mass mass mass mass ratio
FR 7 Plant height 1.000
254 Stem thick 0.832 1.000
kT RE 0.974 0.692 1.000
Plant dry mass
I E=N
URRCE 0.969 0.671 0.991 1.000
Leaves dry mass
=T R 0.932 0.757 0.943 0.893 1.000
Stem dry mass
%%1‘@%5& 0.964 0.674 0.999 0.984 0.949 1.000
Fruit dry mass
R 0.723 0.533 0.786 0.697 0.911 0.813 1.000
Root dry mass
R . 0.921 0.651 0.968 0.927 0.976 0.979 0.915 1.000
Root-shoot ratio
RS CRITIC EWEMEN R —ERIERNE
Table 5 Weights of single tomato growth indicator based on CRITIC method
e M EYiil T i ESNiE RECT R R Bk HE L
Index Plant height Stem thick Plant dry mass Leaves dry mass Stem dry mass  Fruit dry mass  Root dry mass  Root-shoot ratio
/Wi 0.089 0.085 0.108 0.193 0.079 0.106 0.179 0.161
Weight
®6 CRITIC #HENSREEMERGIRHRF ALFE AT B AR, B 0.8E Ab B > T

Table 6 Tomato growth index and its rank based on CRITIC

i LZEWY Her
Treatment Comprehensive scores Ranking
0.4E 70.91 5
0.6E 77.34 4
0.8E 82.56 3
1.0E 95.50 2
1.2E 97.28 1

/NEEF, 1.0E A1 1.2E AbBRIRSE &k m T
0.4EF1 0.6E Zb3E 435134 I T 5.0% 3.0% 1 5.3% |
3.3%, 0.4E ZbHEA[ MY & & 83 KT HAb
AEFR,0.6E AL F AT PE R ) % 5 5 0.8E AL HE[H]
TR FEES (HEEKT 1.0E F 1.2E 4B, 0.4E I
0.6EANHER] A BV & 54 1.0E A1 1.2E b ¥ 43
BIEIN T 79.8% 82.7% F 23.0% .24.9% . 7] %k
FEEE DL 0.8E Ab B K, 3 K FH A ; 0.4E

21.4%, 0.8E F1 1.0E AbH A4 MLIR & 1= JC I 3% 22
S HEFEKT 0.4E .0.6E | 1.2E Zb¥H,0.4E 4bFA
HLER &5 S i, #¢ 0.8E Al 1.0E 4L B/ T 63.3%
161.7% ., 0.4E AbHBERR L5 0.6F 4bH A JC B 3%
Z5 (HEE KT 0.8E . 1.0E 1.2E kbFH 0.4E 4bH
BHIR L2 0.8E 1.0E . 1.2E ZLHE4: B34 T 34.6% .
38.7% .50.7% . Ve & fF AL R & o bl B K 5
PIE R SIS NS, Ve SR DL 1.0E 23!
K, k3] 204.35 mg - kg™ ;0.4E AbF Ve & B
%, 5E/NT 0.8E 1.0E 1.2E kb3, F izl £ L)
0.8EAL & 5 dic K, FAH 157.6 mg - kg™’
2.4 FEimRRIEREEITEN

K H CRITIC %5 3 il i SR AT 25 5 V- . AR
PAT(3) | (4) X IR E S #E AT AR HEAL | A Ak Ak
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R R AR AT DR A
AYLRR BERRLE Ve B MZLER N IE 10 F8 b5, B8
S ZR RO R S5 KRR D b6 1) i b B B AL L [R]
FEE RS R IR 8, Xt briEfl | Al Ak 5 i £k
AT PN AR R AR SR 20 M, 45 21 i PR AR AR 5C &R
HOHERF (£ 9) . #AE(S) FI(6) TR AR PR |
ESIZEE R ENAE S G R & A RS SRR

Yy FTPERE AL BERR L Ve FRALLRAE 5
oA 0.1554 ,0.0276 ,0.1587 ,0.0222 ,0.2003 ,0.0664
0.1472.0.1394 ,0.0407 .0.0420, F£ T 248 bR A FI
PRUEAR R R4 2K (7) 11545 2 & b B 255 P
H(FE10), ATLLAEH, S HHE4 R 1.0E>1.2E>
0.8E> 0.4E>0.6E; Zi 5 it i LA BN 1.0E, 255
900 84.19,1.2F IR, L5135 M 83.70,

R EKEXNENRRHZIT

Table 7  Effects of irrigation amount on tomato quality

At

& = 4+ Al B Y53 M) 2 P 2y Ve #21/:
qb g bﬁ%)ﬁi %ﬁ?ﬂﬁ( CV of KB AR ﬁmﬁg ﬁ%@atb Ve FLLER
Single fruit Fruit shape Water Soluble Organic  Sugar-acid Vitamin C Lycopene
Treatment y ind transverse tent/ % Soluble /0 /% " Y o™l Y o™l
mass/g index Jameter content/ % 1 or sugar/ % acid/% ratio (mg - kg™) (mg - kg™)
0.4E 140.54d  0.8586a 0.0527a 89.69¢ 8.13a 3.09d 0.3610d 8.56a 179.51¢ 137.2¢
0.6E 160.21c  0.8358ab 0.0572a 91.46bc 5.56b 3.58b 0.4961c¢ 7.22ab 188.62bc 142.5be
0.8E 189.42b 0.8179b 0.0488ab 92.54ah 4.92bc 3.75a 0.589%4a 6.36bc 192.63ab 157.6a
1.0E 220.43a 0.8092b 0.0403bc 94.19a 4.52¢ 3.61b 0.5851a 6.17bc 204.35a 147.3b
1.2E 223.16a  0.8035b 0.0354¢ 94.47a 4.45¢ 3.19¢ 0.5621b 5.68¢c 195.22ab 142.4bc
®8 SMRIEREENL RELE
Table 8 Chemotactic and standardized value of evaluation indexes
iﬂ‘ﬁ /\* =) W 7/ NS Ly 3 L
womie wpass PEEERR n s e gm mRi
VLI . . VC of . . : . ; Ve LR
Single fruit  Fruit shape Water Soluble Soluble Organic Sugar-acid T
Treatment . transverse . . . Vitamin C Lycopene
mass index . content solid sugar acid ratio
diameter
0.4E 62.98 100.00 67.17 100.00 100.00 100.00 82.40 61.25 87.86 87.06
0.6E 71.79 97.34 61.89 98.07 68.39 84.35 95.47 84.17 92.32 90.42
0.8E 84.88 95.26 72.54 96.93 60.52 74.30 100.00 100.00 94.27 100.00
1.0E 98.78 94.25 87.84 94.94 55.60 72.08 96.27 99.27 100.00 93.46
1.2E 100.00 93.58 100.00 95.23 54.74 66.36 85.07 95.37 95.55 90.36
®9 BEMGRITENIERIEX REER
Table 9  Correlation coefficient matrix of tomato quality evaluation indicators
[=) A o /\%m 3/\‘, [=) 2} ‘V/‘{‘:k NS 3 | Ly 3 S
o Wit pags DR e TR em mm st )
BhR ) s VC of EEY IR . Ve CERITEAREN
Single fruit Fruit shape Water Soluble Organic  Sugar-acid .. .
Index . transverse Soluble . . Vitamin C  Lycopene
mass index . content . sugar acid ratio
diameter solid
=
AT 1.000
Single fruit mass
P 218
Fruit shape index 0.972 1.000
REZE7E 5 R A
VC of transverse 0.894 -0.801 1.000
diameter
27Kk B Water content —0.987 0.978 -0.826 1.000
ﬂ}ﬁ-‘ﬁ[ﬁ]ﬂ%% -0.881 0.959 -0.615 0.929 1.000
Soluble solid
T 0237 0379 -0221  -0.345  -0.560  1.000
Soluble sugar
A PR Organic acid 0.853 -0.935 0.547 -0.893 -0.971 0.677 1.000
BEWR L Sugar-acid ratio —0.944 0.995 -0.763 0.955 0.970 -0.401 -0.943 1.000
Ve Vitamin C 0.907 -0.890 0.663 -0.950 -0.881 0.516 0.876 -0.853 1.000
FALLE Lycopene 0.395 -0.520 0.045 -0.421 -0.586 0.828 0.752 -0.541 0.477 1.000




222 T XA 5T

543 4

25 EKREWERBIEEMTE

B2y b= A

1 ATLAE 1, YK 0.4E #9m%) 1.0E
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F| 1.2F i, P A FRE, 0.4E 0.6E .0.8E 233
HE = /N T 1.0E fl 1.2E 403, 1.0E F1
L 2EALBRE] P i T ok 3 25 7 IWUE RfifE /K 3 fin
MREAR(E 2) . 1.0E AbFE =& d5 i, 38 0.4E 0.6
0.8E AbH 4534 1N 66.4% 34.0% .16.3% ,{H. IWUE
N 14.5% . 9.5% . 2.6% . 1.0E 4k 3 5= 8 45
1.2EALBEEEIN T 3.2% IWUE #2517 19.9%, "I,
UMEIK I 1.2 I R 7 6 0 5 ) 5 AN K R T 3
TN E R K A TERR K

F 10 CRITIC ZHEMEBEMEERREIRHERF

Table 10 Tomato comprehensive quality index and

its rank based on CRITIC

Bk F AR

2.6 ZEMEIEM

L CRITIC 3554 1 iy B 255 A3 DA I 45 310 7
LAIRE N EAL R AR KA T bR, S AR
IWUE 3§ 5 ANHEK AL BRIEAT 255 %035 VR4, DT 32k
HR IR R O AR 5 i A A I E K A L AR 4 G
(9) . (10)HFEARR 4K BT 75 IWUE WIALE
(R A1) BT =>4 K > IWUE> i, Fl
I (8) 15 BIFRHEAL IS A A PSR AR 1, i =X (1) |
(12) B € 1E S AR (3R 12), RN (13)
(14) ((15) TS24 A BRI IE | 7 BRAS i 09 R S
D" D" LA RAHXI T BE ¢, RYE C AR K/ 5 A
AEFRNZE A RS HEA T HE Y, AT A% 1.0E>1.2E>0.8E>
0.6E>0.4E( % 13) , 1.0E ZbHAHXINE VT €, Bk,
LA AR e

3 W ®

- : vep 1 S, N o
- iy A SESRK R R 8 7 I 0 SR 3 2 2 R AR
Treatment Comprehensive scores Ranking 2 .
N — NI N .
0.4 81.13 4 b & SR B AR A6 LA B b H iR 2 3 TR
0.6E 77.59 5
0.8E 81.37 3 R ER ERFEIVUE EHENE
1.0E 84.19 1 . . .
L2 2370 2 Table 11 Weight of growth, quality, yield and IWUE
Ei=t7n ERS i ot P IWUE S
80 2 a Index Develop  Quality Yield Sum
- b _I— —F —
o s PR SD 114420 26207 123770 28192
g 601 _]C_-_ TAE AVG 847181 815940 627547  22.8019
L osor d ARZECY 01351 0.0321 01972 01236 0.4880
=R KU Weight 02767 00658 04041 02533  1.0000
'_i 30 F
il — 1— i
= ol %12 BIERRELEHMER
10 Table 12 Weighted matrix of the normalized
0 evaluation indicators
0.4E 0.6E 0.8E 1.0E 1.2E

4k ¥ Treatment

BN R NG F R FRR AL B R 7E P<0.05 7KV 25 5 B3,
T,

Note: Different lowercase letters in the figure indicate
significant differences between treatments at the P<0.05 level. The
same below.

1 EEKEMNEN BRI

Fig.1 Effects of irrigation amount on yield

30
a
a
Nk - . b
% E ]
~52F ¢
0
s
ZE 15t
.*é, .
BE
&S 10
S
0
0.4E 0.6E 0.8E 1.0E 1.2E

4b ¥ Treatment

B2 EKENEMEKF AR
Fig.2  Effects of irrigation amount on IWUE

N 2. =] EEN
Abr RN nuﬁ‘: F':E IWUE
Treatment Develop Quality Yield
0.4E 0.1028 0.0293 0.1280 0.1283
0.6E 0.1122 0.0280 0.1590 0.1211
0.8E 0.1197 0.0293 0.1832 0.1125
1.0E 0.1385 0.0304 0.2131 0.1096
1.2E 0.1411 0.0302 0.2065 0.0914
1AH fi2
. ‘IEEEM%: . 0.1411 0.0304 0.2131 0.1283
Positive ideal solution
11 FHAH i
LA 0.1028 0.0280 0.1280 0.0914

Negative ideal solution

* 13 EREMHEFERE

Table 13 Index value for sorting different irrigation treatments

b
Tré:lfim b b G Rffig
0.4E 0.0933 0.0369 0.2834 5
0.6E 0.0618 0.0439 0.4155 4
0.8E 0.0400 0.0615 0.6060 3
1.0E 0.0188 0.0940 0.8331 1
1.2E 0.0374 0.0874 0.7000 2
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8434 1.2E>1.0E>0.8E>0.6E>0.4E | Z5 &4 K et
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