2016 12 24 12
Chinese Journal of Eco-Agriculture, Dec. 2016, 24(12): 1663-1673

DOI: 10.13930/j.cnki.cjea.160640

AR S 7 e - S~ TR | 91 (- R - &
(1. 712100; 2. 712100;
3. 712100)

AT HIFHEEBAEE KR E W E NS, UET #E N ECK), RE 3 Mg R
(10 cm. 20 cm. 30 cm)fn 3 FF S 2 AT H M E R 1 £ (1 F 247). 24Q % 247). 344G E 2BUEE], #
RIWMEEFRAERREEMERBEFRAK. PEXRRADH., KEERKV, 5 CK Mk, % ER
EHATHREBEER RN EK, FHOREHEE. ERRE. ERER. EFEREBRASAAREHE ML
., B8 CK F3H 3 8.58%. 11.99%. 18.79%. 60.93%%1 103.40%, F3FH K 37.73%. WMEHEREZ RS
THEMREEEE C. ATHEMBRERILNEE, WX CK FHEEIHH 27.07%. 4.48%F1 21.38%. 4 [
WHEEEET, FRhGEABFEAN: EE30 cm>iim< 10 cm># % 20 cm; M EBEET, £AN: 1 & 247
S2E2AT>3 24T, BathtkE. EM. RERIKEFE, MBS E RN oD, MAE0EE % EY
Wi, ZMEEBRASAAREHEBEECEENE TR, ZEEREFHRNETE. EBRAIAA
HE. BFUERBECHNEFRRAEEE, BE 10em, 1 & 247(FEHEFE X 87.38 thm™2, E A A%
F 4 10891 kgm™, &R EAHF F 3)N B LR E & H A 500 3 B A 10 E BEEOR S8

WOEEMR HE ¥E BXEE B OFE O

182754 tA : 1671-3990(2016)12-1663-11

Effects of moistube depth and density on tomato yield and quality in
solar greenhouse’
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Chinese Academy of Sciences & Ministry of Water Resources, Yangling 712100, China)

Abstract Tomato (Solanum lycopersicum Mill.) is one of the vegetables widely cultivated in solar greenhouses in North
China. As irrigation is the main source of soil moisture in solar greenhouse, it is very important to select appropriate irrigation
methods and technical parameters to improve agricultural production, keep greenhouse air humidity, and reduce the incidence
of pests and diseases. Moistube irrigation is a new underground irrigation technology with semi-permeable membrane as the
core material which provides water to crop root zone soils in a slow and continuous flow. The advantages of this new irrigation
technology include energy saving, low operation cost, easy operation, good anti-clogging performance, less deep leakage, etc.
However, this technology is still in experimental stage and therefore has not been applied at large scale, and some important
parameters needed to be optimized. In this experiment, drip irrigation with mulch was used as control to explore suitable
technical parameters of moistube irrigation in solar greenhouse conditions. Three depths (10, 20, 30 cm) and three densities

(one, two and three moistubes with two lines of tomatoes in one planting ridge, respectively expresses as 1 tube with 2 lines, 2
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tubes with 2 lines, 3 tubes with 2 lines) were set up to study the effect of different depths and densities of moistube on the
growth, yield and quality of tomato in solar greenhouse conditions. The experiment was done from October 2015 through April
2016 in a 108 m by 8 m solar greenhouse (108°02’E, 34°17'N) in Yangling Agricultural Hi-tech Industries Demonstration Zone,
Shaanxi Province, China. The results showed that moistube irrigation enhanced the growth of tomato compared with the drip
irrigation with mulch. Compared with control, moistube irrigation increased fruit diameter, weight, volume, total yield and
irrigation water use efficiency by 8.58%, 11.99%, 18.79%, 60.93% and 103.40%, respectively. Our results suggested that
water-saving under moistube irrigation conditions was as high as 37.73%. For tomato quality, compared with control, the
contents of vitamin C, soluble sugar and sugar-acid ratio also increased under moistube irrigation, with average increasing
rates of 27.07%, 4.48% and 21.38%, respectively. In terms of comprehensive quality of tomato, the moistube depth was in the
order of 30 cm > 10 cm > 20 c¢cm under the same moistube density, the moistube density was in order of 1 tube with 2 lines > 2
tubes with 2 lines > 3 tubes with 2 lines under the same moistube depth. In general, plant height, stem diameter, fruit shape and
total yield of tomato decreased with increasing moistube depth. These parameters also increased with increasing moistube
density. However, stem diameter and irrigation water use efficiency decreased with increasing moistube density. Based on total
yield, irrigation water use efficiency and quality of tomato and the economic cost of moistube and other factors, 10 cm depth
and 1 tube with 2 lines (with total tomato yield of 87.38 thm™, irrigation water use efficiency of 108.91 kg'm™, and third in
comprehensive quality rank) were the most suitable technical parameters for moistube irrigation in solar greenhouse condition.

Keywords Moistube irrigation; Moistube buried depth; Moistube density; Solar greenhouse; Tomato; Yield; Quality
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(Citrullus ianayus Mastum.) 3 12 1 (1 2 )2 2
(Cucumis melo L.) %, 2 )3 3 2 ) ,
(2~0.02 mm) (0.02~0.002 mm) (<0.002 mm) 10 , 30, 30
25.4% 44.1% 30.5%, 1
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(0~30 cm) , 10 cm
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pH  7.89, 23.63% 30cm 7433 mL-m h”! 3
1.2 3 ,

2015 10 1 , 1

) 40.26 mm,

F 1 WRERIT

5.5 m, 1.5 m Table 1 Experimental design
o 1 2 )
50 cm, 15 cm, 1.5 m, Treatment Moist(l;l:;:)depth Moistube density
’ I'm PID10 10 1 2 One tube with two lines
(SBS) 30 cm, 30 cm, P2D10 10 2 2 Two tube with two lines
36 ( P3D10 10 32 Three tube with two lines
) 1 mm, 16 mm, P1D20 20 1 2 One tube with two lines
(5‘5 m) P2D20 20 2 2 Two tube with two lines
P3D20 20 302 Three tube with two lines
( ) 1.5 m, P1D30 30 1 2 One tube with two lines
0.4 m, 0.9 m, P2D30 30 2 2 Two tube with two lines
1.2~1.7m P3D30 30 3 2 Three tube with two lines
1.3 CK Drip irrigation with plastic mulching
“1 2 1 1 s 2 ‘One tube
with two lines’ means one moistube is arranged in one ridge with two
3 :10ecm 20 cm 30 cmyg lines of tomato.
i Tomato i Tomato
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Fig. 1 Sketch map of experimental planting plots with moistube buried depth of 10 cm
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)/ x100%
: , P3D20, CK
IWUE=Y/I | (D 27.70% ’ CK
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1.5
Microsoft Excel 2010 ’
, SPSS 22.0 ’
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Fig. 2 Effects of moistube depth and density on plant height and stem diameter of tomato under moistube-irrigation
(P<0.05) Different lowercase letters at the same stage in the
figure mean significant differences among different treatments at 0.05 level.
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: (P<0.01),
17.44% 30.12%  35.97%, P1D30 ,
>
, CK 2.15% , 3 ,
2.26%0 5.99% 4.17%, CK 3 2
(P<0.05), , P3DI10
x2 BURAEBRTHAEERMEENEMRIESHF M
Table 2 Effects of moistube depth and density on fruit shape of tomato under moistube-irrigation
Treatment Fruit diameter (mm) Fruit length (mm) Fruit shape index Average fruit weight (g) Average fruit volume (cm®)
P1D10 80.53+£2.96b 60.57+1.90ab 0.75+0.02ab 185.81+10.33cde 200.93+21.02a
P2D10 82.35+3.32ab 59.80+3.37ab 0.73£0.03bc 211.18+13.21ab 218.29+24.20a
P3DI10 86.85+3.99a 61.79+2.25ab 0.71£0.01c¢ 226.35+10.62a 226.62+17.63a
P1D20 77.99+4.31bc 59.42+2.43ab 0.76+0.01ab 180.64+11.88de 198.52+14.29a
P2D20 79.72+1.34b 59.27+£1.90b 0.74+0.01ab 199.31+15.24bcd 207.59+9.50a
P3D20 82.99+2.54ab 59.04+1.29b 0.71+0.04¢ 209.45+13.81abc 221.11£21.89a
P1D30 72.39+0.90d 57.28+1.25b 0.79+0.03a 164.13+6.60¢ 159.72+2.92b
P2D30 82.1243.21ab 61.17£1.99ab 0.74+0.03ab 192.77+23.59bcd 204.45+17.46a
P3D30 83.09+1.93ab 63.85+3.89a 0.77+0.03ab 209.31£11.91abc 209.89+17.93a
CK 73.95+1.87cd 57.41£1.62b 0.78+0.02a 173.96+1.53¢ 166.67+17.56b
F  Fvalue
Moistube depth (D) 4.621" 1.167ns 5.112" 4.370" 4.456"
Moistube density (?) 14.305™ 2.411ns 5727 17.780" 8.446"
DxP 1.932ns 1.906ns 0.956ns 0.287ns 0.971ns
+ , (P<0.05), * ** P<0.05 P<0.01 . ns
(P>0.05), Values represent mean + S.D. Different lowercase letters in the same column indicate significant differences at
0.05 level. * and ** mean significant differences at 0.05 and 0.01 levels, respectively. ns means no significant difference at 0.05 level. The same
below.
2.3
2.3.2
2.3.1 3 )
5 >
1 78.66%, 70.28%
4 4 , (P<0.01),
3 ) , (P<0.05),
3 > >
(P<0.05)  CK , ,
, (P<0.01),
19.04%~78.46%, 21.51%~40.27% > >
, P3 D10 , ,
s 5 >
P3D10 (2.41 kg), ,
P2D10(2.18 kg) P3D30(2.10 kg)  ; P1D30 ,P3 P2
(1.61 kg), , P2
, 30 cm , 12 P3 , 32 2 2
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Fig. 3 Effects of moistube depth and density on fruit quantity per plant and yield per plant of tomato under moistube-irrigation

(P<0.05),

(P<0.05) Different lowercase letters at the same fruit layer mean significant differences at 0.05 level among different treatments. Different
capital letters mean significant differences in total yield per plant at 0.05 level among different treatments.
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Table 3 Effects of moistube depth and density on fruit total yield and irrigation water use efficiency of tomato under moistube-irrigation

Treatment Total water irrigation Total yjzeld Irrigation water Ege efficiency Water-saving rate Yield-increasing
(mm) (thm™) (kg'm™) (%) rate (%)
PIDI10 80.24 87.38+2.46ab 108.91+3.06a 67.31 60.37
P2D10 160.47 94.65+3.13ab 58.98+1.95¢ 34.62 73.71
P3DI10 240.71 97.35+8.05a 40.44+3.34d 1.93 78.66
P1D20 76.05 84.33+6.54b 110.89+8.60a 69.02 54.76
P2D20 152.09 88.62+5.19ab 58.27+3.41c 38.04 62.63
P3D20 228.14 89.49+3.16ab 39.23+1.38d 7.05 64.23
P1D30 72.96 68.36+6.11¢c 93.70+8.37b 70.28 25.45
P2D30 145.91 87.16+5.85b 59.73+4.01c 40.55 59.96
P3D30 218.87 91.89+2.66ab 41.98+1.22d 10.83 68.63
CK 245.45 54.49+7.93d 33.44+5.84d — —
F F value
Moistube depth (D) 9.644™ 2.520ns
Moistube density (P) 15.601" 439.795"
DxP 2.885" 4.889"
(P<0.05), C
, P1D10, (P<0.01)
CK 60.37%, 67.31%, C ,
P3D10 11.41%, ,
66.67%, 62.87%, ,
, 10 cm (P<0.01),
2.4 R C
, (P<0.01),
2.4.1 (P<0.05)
4 , 4 ,
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Table 4 Effects of moistube depth and density on fruit quality of tomato under moistube-irrigation

C
Treatment Soluble solids (%) Vitamin C [mg-(100g)™"] Organic acid (%) Soluble sugar (%) Sugar-acid ratio
P1D10 5.87+0.06a 16.52+0.38cd 0.37+£0.01a 2.61+0.15b 6.99+0.49¢
P2D10 5.60+0.10bc 14.00+0.73¢ 0.33+0.02abc 2.35+0.12¢ 7.16£0.60c
P3D10 5.80+0.10ab 13.09+0.55¢ 0.26+0.02d 2.1140.05de 8.09+0.57bc
P1D20 6.00+0.20a 17.24+0.31bc 0.38+0.04a 1.94+0.16ef 5.08+0.17¢
P2D20 5.50+0.10¢ 16.02+0.84d 0.34+0.02ab 1.77+0.14fg 5.25+0.71d
P3D20 5.97+0.06a 15.74+0.42d 0.31+0.05bc 1.69+0.08g 5.49+0.51d
P1D30 5.80+0.30ab 19.38+0.51a 0.33+0.01abc 3.07+0.11a 9.38+0.55a
P2D30 5.20+0.10d 17.89+0.68b 0.314£0.02bc 2.65+0.09b 8.58+0.80ab
P3D30 5.93+0.06a 17.68+0.89b 0.28+0.03cd 2.1940.17cd 7.83+0.80bc
CK 5.97+0.15a 12.90+0.71e 0.38+0.05a 2.17+0.13bed 5.84+0.90d
F F value
Moistube depth (D) 3.630" 83.472" 4.394" 107.071" 69.427"
Moistube density (P) 31.907" 316117 18.096" 43,195 0.168ns
DxP 2.796ns 2.280ns 1.261ns 5.135" 3.933"
C , 1.47%~50.23%; x5 ERNAMPEMZRREGSHEIEZEINSM
CK SR, FRAER REARRE
’ ’ Table 5 Eigenvalues, contribution rate and cumulative
CK contribution rates of main principle components of tomato
4.48% 21.38% quality index parameters under principal component analysis
’ Principle . Contribution Cumulative
, P1D30 C 5 component Eigenvalue rate (%) contribution rate (%)
P1D20 ( CK 1 23870 4774 47.74
), , 2 12069 24.14 71.88
2.4.2 3 0.790 2 15.80 87.68
4 0.6133 12.27 99.95
P 5 0.002 7 0.05 100.00
s >
(x1) C(x2) (x3) 23
(x4) (x5)5
s, 3 87.68%> 4
85.0%, 3 ,
87.68% 3 , ’
zZ : ’ P
7=0.477 47,+0.241 4Z,+0.158 0Z 2)
Z (6 ,
s , P3
6 30 cm ey,
, ; , 20~30 cm,
D30>D10>D20, 85%~95%, 55%~
P1>P2>P3, 1 2 65% 4 , 0~30 cm

P1D30, P2D30

75%~90%(P1D30 ),
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Table 6 Comprehensive evaluation results of tomato quality under different moistube depths and densities of moistub-irrigation

Treatment Z Z, VA zZ Sort
PID10 0.0727 1.2032 0.1591 0.3503 3
P2D10 0.0393 -0.5188 —-0.5856 —-0.1990 6
P3D10 0.0974 -1.9349 0.8729 —-0.2826 7
P1D20 —-1.0565 1.2776 0.0312 —0.1911 5
P2D20 -0.6702 -0.2767 -1.6218 —0.6430 10
P3D20 —0.9878 -0.4727 0.4794 —-0.5099 9
P1D30 1.6569 1.0949 0.9027 1.1979 1
P2D30 1.5257 -0.2733 —-1.6292 0.4049 2
P3D30 0.4164 —0.4548 1.2302 0.2834 4

CK —1.0938 0.3556 0.1611 -0.4109 8

AR 7K Soil water content (%)

O15 16 17 18 19 20 21 22 23 24 15 16 17 18 19 20 21 22 23 24 15 16 17 18 19 20 21 22 23 24
T T T T T, T T 1 [T T T T T T T T 1 T T T 1 T 1T T 1

o

20
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40 -

T2 Soil depth (cm)

70L D10 D20 L D30

—=—P] —8—P2 —A—P3 ---- 75%M$} 75% field capacity - 90% HI ¥ 90% field capacity

4 RHERTARMEEERMEENEMREXLE 0~60cm TRZKE
Fig. 4 Changes of soil water contents in 0—60 cm soil layers of tomato root zone under different moistube depths and densities of
moistub-irrigation
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