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Research on the drip irrigation schedule for greenhouse tomato in

autumn-winter under the condition of straw biological reactor

MA Shi-lin, LI Bo, WANG Tie-liang
( Shenyang Agricultural University , Shenyang Liaoning 110866, China)

Abstract: With a contrast experiment in greenhouse in autumn and winter of 2010 and 2011, this paper studied the

influence of straw biological reactor on water use efficiency and water consumption intensity of greenhouse tomato in au-

tumn — winter, and acquired an optional irrigation schedule on the basis of a principal components analysis. Results show

that compared with control treatments, straw biological reactor significantly increases water consumption intensity of toma-

to in blossom-fruit stage and fruit stage with growth rates of 27.01% ~ 50.50% and 15.87% ~ 76.32% respectively;

Tomato yield under the condition of straw biological reactor is significantly higher than that in contrast area with a growth
rate of 18.38% ~ 35.97% ; Water use efficiency is also higher with a growth rate of 8.31% ~ 29.08% ; When soil
moisture ranges from 60% 0 to 70% 0 in seedling stage, 70% 0, to 80% 0 in flowering & fruiting stage, 70% 0, to 80%

0r in fruiting stage, straw biological reactor has a significant effect on the increase of yield and water use efficiency.

Keywords: straw biological reactor; green house tomato; drip irrigation schedule; water consumption intensity; wa-

ter use efficiency; principal components analysis
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Table 1  Soil nutrient status

AR £ Ui A N e P e K
pH Organic matter Total N Available N Total P Available P Total K Available K
/(g kg™) /(g kg™) /(mg-kg™") /(g-kg™") /(mg-kg™") /(g kg™") /(mg-kg™")

6.5 17.5 1.053 34.604 0.763 407.789 40.376 171.835
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R2 TEKSTRIEFER %0,

Table 2 The low limit range of soil moisture

EE] TFAEAE R 4 St
Jb B . . .
Seedling Blossoming and Fruiting
Treatment ..
stage fruiting stage stage
Al 8¢ B1(Al or B1) 60 ~ 70 80 ~ 85 70 ~ 80
A2 5% B2(A2 or B2) 60 ~ 70 50 ~ 60 70 ~ 80
A3 35 B3(A3 or B3) 60 ~ 70 60 ~ 70 70 ~ 80
A4 5%, B4( A4 or B4) 60 ~ 70 70 ~ 80 70 ~ 80
- ‘I »“ M=
HHRRE . /om " “ “

Plan wetting layer

TE: A RBCE RS FT AR X s B AR TCRE AT A I 0 B I, 8
KT BREAH IR K & () 19 %1, HEK _EBR o HH )k

Note: “A” stands for the straw expriment area; “B” stands for the con-

trast area. The low limit range of soil moisture in above table is the percent-

age of field capacity 6. The upper limit of soil moisture is field capacity 6;.
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et 3 A 0 S I HE PR 9 RS D TR 20 ~ 30 em, 58
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Table 3 The water consumption of tomato in blossom fruit stage

FAEA I (10 H 20 H ~11 A 19 H)

The blossom fruit stage

pOBL] K ki HHOKAEGE  FEKeRE
Treatment Amount of Amount Variation Water
irrigation of water of soil consumption
water consumption water intensity
/mm /mm /mm /(mm+d~")
Al 280 342.0 7.65 5.70
A2 190 253.2 6.38 4.22
A3 250 342.6 7.47 5.71
A4 245 264.0 6.83 4.4
Bl 260 81.0 13.17 1.35
B2 170 213.0 7.80 3.55
B3 210 140.4 11.49 2.34
B4 220 157.2 10.50 2.62

x4 BHEYREHERBXERFLLRBA
HRKBEFESNE
Table 4 Variance analysis for water consumption intensity of

tomato in blossom fruit stage with straw biologic reactor

205 5 5

12
Comparison Sum of df  The mean F ﬂﬁ t
Significant
group squares square
ZH |
AR 5.890 3 1.963 7.414 0.011
Between groups
4
HM 2.119 8 0.265
In the groups

S

Total numbers

8.009 11
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TR, U B RG FT A 40 JS 7 3 T 3 4 AR 45) iy 4 398 5 K o
H R AR FH 5 AR TR K 434k B ] ¥ 48 A SR 0] 1 FE 7K 5
FEARAC AR R KRR LR, B AP A
o7 HEASOGT B AR R AR K B R, D6 WA R T A 40 B iy HE
SEILHE N CO, RANE FRAE RN 2l R - 3FER%0; 114 ) B
T EIHAE R KAy [RBF A1(B1) 5 A3(B3) 4bHiAH
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FLH, BRI 3 AR /K i B2 3 0L, 1B A3(B3) 1Y 7K 434k
FHKSE KT AL(BL), N KA BE I 5, 4R
A3(B3) KA b FRE ML . IFEZK Iy IR , A IR K 43
IEBREAETT , A A FEFE KSR E & T B ALHE, AN [FIK )

Ak BRI W Hy R B IMERIR I 1(76.32% ) > 4(40.45% )
>3(59.02%) >2(15.87%) , H FEJF PR &, #EFF L
Y N HEAE TR A AR B N 2 R AR —E m ke ARk,
AL I R T A — K
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Table 5 Multiple comparisons for water consumption intensity of tomato in blossom fruit stage with straw biologic reactor

95 % ' 5 X ]

K (DAEFE (DA i e B (95% confidence intervals)
Inspection Treatment Treatment (-1 SE Significant TRR F KR
Lower limit Upper limit
2 1.48667" 0.42019 0.008 0.5177 2.4556
1 3 -0.00333 0.42019 0.994 -0.9723 0.9656
4 1.30000 " 0.42019 0.015 0.3310 2.2690
1 - 1.48667" 0.42019 0.008 —2.4556 -0.5177
2 3 ~1.49000" 0.42019 0.008 —-2.4590 -0.5210
4 -0.18667 0.42019 0.669 —-1.1556 0.7823
b 1 0.00333 0.42019 0.994 -0.9656 0.9723
3 2 1.49000" 0.42019 0.008 0.5210 2.4590
4 1.30333" 0.42019 0.015 0.3344 2.2723
1 -1.30000" 0.42019 0.015 -2.2690 -0.3310
4 2 0.18667 0.42019 0.669 -0.7823 1.1556
3 -1.30333" 0.42019 0.015 -2.2723 -0.3344
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5250 v: c é;gg \/\
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Fig.1 Contrast line of irrigation water for tomato

in blossom fruit stage
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Fig.3  Contrast line soil water change for tomato

in blossom fruit stage
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Fig.2  Contrast line of water consuption for tomato

in blossom fruit stage
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Fig.4  Contrast line of water consumption intensity

for tomato in blossom fruit stage
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Table 6 Water consumption intensity for tomato in fruit stage

HEK A FEKE  EHOKAELR FEKIRE
Amount of Amount Variation Water
b .
T AL{IL% " irrigation of water of soil consumption
reatment water consumption water intensity
/mm /mm /mm /(mm-d~")
Al 353 272.4 8.92 4.54
A2 345 393.6 9.38 6.56
A3 370 421.8 7.93 7.03
A4 326 377.4 8.89 6.29
Bl 317 317.4 10.79 3.31
B2 312 175.8 13.71 3.26
B3 325 269.0 10.53 3.48
B4 289 152.0 14.40 3.20

LR T 203N ESE BTN T i A AR R KA
PR B BORE /K 5 FEE 114 S RS 22 0T He B2 P (A
K5~ 18 8) o FEFFIS DX 45 R0 3K A2t i f A
L2, A B R IX 4 1 3K AR A i e sl R, 284k
B . HASFHE DAY 13K B A i i i gl AL

AU AR U1 F L 2 B 5 07 46 A SR AR LAY
. Z BT LARE/K SR BB T AR A R, S Rl 25
RWIRMEHTOCEE R T Y B TG B, RSk
KA 52 K ik 4 o 5 BRI RS FF A= 9 B i
I A= RN B R R, T K B LR 2 3 . A
FEKITHRT  HFIK BT, A A FEAE /KSR
JERE T B ALHL, AN TR K 43 Ak B i i B IMER RO
3(50.50%) > 2(50.31%) > 4 (49. 13%) > 1
(27.10%)87,

LR TTACAR S A TN 25 S A ) 22 53 B RS £k
P o T, ULEHASHIE G BT 15 5 1 7K o3 3 o1 F PR AL A 0
GH, HARL 0 X o0 B o iR vk A KPS #14E
Yy N A BT 5, A3(B3) 7K 43 A PR B4R B 7K 435
il FBRAL A o
2.2 XFEEBKF AR ENZ MmO

IR AT FIFHAL A8 77 8 K 1K 43 R R ASCR
SRR AL AR BUK S T RE SO AR P S B . A
9 P LA s A4 K 3 AR 0 7 i A e, A Y
187K 43 1) 36803 o i, ) BEGRUEG: X B2 7K 4RI
RORER, = T B4 b B

KT BHEYMRNERHERPRKCGREETENTER
Table 7 Variance analysis of water consumption intensity for

tomato in fruit mature period with straw biologic reactor

S TTAE AR RIIARL 5 By B /K it 55 B Be kG K 98 22 415 T - o
D7, S B B KK A A B AR (AT) TR REZK 3 5 5 Cmf:::;”“ ::u';’r;’i sk Significant
o
i Srhb PR R XA R X
jlﬁﬂij{’ ﬁﬁﬁ A3 7K]}5L%E$1£F—F7’Fn *?E%DX?N\I: 2l [A] Between groups 10.5%4 3 3.531 4.582  0.038
SIAEBU R KR UK, LR FFUR KBTI i o ot 8 o
BRI XFE KR B RARZ , B A3 Kb BEA 1T, S Total numbers  16.760 11
Xof e AR A A RIS AT A= 0y B oy HE 8 A ) S A RE
xRS BRHEYRNERKEESELRE
Table 8 Multiple comparisons of water consumption intensity with straw biologic reactor
. P e " 95 % B X 1]
UivEios (DAb3 (DALRE LMSE PRifERR T2 Sc3 (95% confidence intervals)
Inspection Treatment Treatment SE Significant
(I-n TR Lower limit B Upper limit
2 -2.02000" 0.71683 0.023 -3.6730 -0.3670
1 3 -2.48333" 0.71683 0.009 —-4.1363 -0.8303
4 -1.74333" 0.71683 0.041 -3.3963 —-0.0903
1 2.02000" 0.71683 0.023 0.3670 3.6730
2 3 -0.46333 0.71683 0.536 -2.1163 1.1897
4 0.27667 0.71683 0.710 -1.3763 1.9297
LSD
1 2.48333" 0.71683 0.009 0.8303 4.1363
3 2 0.46333 0.71683 0.536 -1.1897 2.1163
4 0.74000 0.71683 0.332 -0.9130 2.3930
1 1.74333" 0.71683 0.041 0.0903 3.3963
4 2 -0.27667 0.71683 0.710 -1.9297 1.3763
3 - 0.74000 0.71683 0.332 -2.3930 0.9130
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Fig.5 Contrast line of irrigation water for

tomato in fruit stage
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Fig.7  Contrast line of soil water change for

tomato in fruit stage

RI9 AREKSABERTE KIFIAKLE
Table 9  The tomoto yield and water use efficiency

under different water treatments

e i ot IR
Treatment Yleldﬁ irrigation water WUEf
/(g hm™?) /(m®+hm™=2) /(grm™)
Al 201777 4337.47 46.52
A2 188313 3972.03 47.41
A3 201277 4175.43 48.20
A4 228933 4216.03 54.30
Bl 129200 3915.83 32.99
B2 153700 3535.80 43.47
B3 132067 3723.60 35.47
B4 157867 3875.47 40.73

X FEFE A SN HE 25 1 T R R A TR R R
ZE53 0T RUITE 5% 7KV 25 A B[] 7 6 22 5 10 %
(W& 10 i) o £ AL FRTE] () 2 B LA 4 I« b 3
A4 540FE AL A2 A3 PR R E (R 11 FR) .
Vi BH K 23X 777 42 1) 53 W) 2 R R ), 18 0 R P 9 Tk

—_— OO W L)
NOUNOUNDOUNOWUN
OCOOOOOOOOC

FE /K H/mm
Water consumption

Al1(B1) A2(B2) A3(B3) A4(B4)
JK 43 4k B Treatment

—o— Fi FF i 46 [X. Straw experiment area

—a— X} A B0 X Contrast area

6 THEinEREMBEFEKEX LITLE
Fig.6  Contrast line of water consumption

for tomato in fruit stage
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8 BIARIIMERFEKBENLITELE
Fig.8 Contrast line of water consumption

intensity for tomato in fruit stage
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T, A RbBE PR T B AR, AN [A] ZK A Ak BB iR K
F/MEIRE 1(35.97%) > 3(34.39% ) >4(31.04%)
>2(18.38% ) MK FI L J7 0K , MFZK
PP A A HEUK AR RCE S T B AR, A
[Fl7K 3 Ak PR3 i B R B MR K OZ 1(29.08% ) > 3
(26.41%) >4(24.99%) >2(8.31%) . FEFFEY X
I HE AT A e i 7 e B I v B X e e
K53 I FH AR 3 IR FR 30 R R A 40 s oy M s % R X
HIRLAE  Prek B LB A1(BL) AL 35 A4(B4) 4b BRAE
PR T AL B ALY . TEABEFE T B B K o4
HlFRRAA 24T, SRR I H A A2(B2) &b 2 %)
A4(B4) K25 18 78 43 77 ik =, (H AL (B1) 7K 43
AEHLEARE T A4(B4)  HH = EHLFEA S

EA T NS A4(B4) AL BRI .

R0 BHEYREEREXER“ETESTR

Table 10  Variance analysis of tomato yield with experiment area of straw biological reactor

415 V-5 & ¥J5 P EE
Comparison group Sum of squared Means of mean difference Significant
ZH 1] Between groups 2.626 x 10° 3 8.755 x 10 6.066 0.019
21N In the groups 1.155x 10° 8 1.443 x 108
S Total numbers 3.781 x 10° 11
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H32%

*x 11
Table 11

BHEMRMEREREMEZEILRE

Multiple comparisons of tomato yield with straw biological reactor

WMz

95% EA5 X 1]
(95% confidence intervals)

K (DAb 7 (DAabH LMSE Frifi o F
Inspection Treatment Treatment (1-1 SE Significant TR R
Lower limit Upper limit
2 13463.33 9808.99 0.21 -9156.25 36082.91
1 3 500.00 9808.99 0.96 —-22119.58 23119.58
4 -27156.67 9808.99 0.02 -49776.25 —-4537.09
1 - 13463.33 9808.99 0.21 -36082.91 9156.25
2 3 -12963.33 9808.99 0.22 -35582.91 9656.25
4 - 40620.00 9808.99 0.00 -63239.58 - 18000.42
LSD
1 -500.00 9808.99 0.96 -23119.58 22119.58
3 2 12963.33 9808.99 0.22 -9656.25 35582.91
4 - 27656.67 9808.99 0.02 -50276.25 -5037.09
1 27156. 66667 " 9808.99 0.02 4537.09 49776.25
4 2 40620.00000 " 9808.99 0.00 18000.42 63239.58
3 27656 . 66667 " 9808.99 0.02 5037.09 50276.25
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Fig.9 Contrast line of yield between straw experiment

area with contrast area(duplicate)
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Fig. 10  Contrast line of yield between straw experiment

area with contrast area( average)
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Table 12 Variance analysis of water use efficiency

for tomato with straw biological reactor

245 S5 il N
Companj'son qS:u?ni T]f df B W
RMSE Significant
group squares
4[]
110.328 3 36.776 4.604 0.037
Between groups
4
AP 63.907 8  7.988
In the groups
=Y
A 174.236 11

Total numbers

3 REAFAEP N HE AR R S

"L TRE T TRE ) B2 1 5

ERG T i — R B R A Ik,
B AR 2 LRI AT I, A S
A5 MEFRF AN — 1 REAE S A AL I3
AT, FAG 24 DH 30303t A 40 A 78 B A X 2
H T B2 A — 2 TR T AT U

Akl 2 WA A 380 A AL 0 P A
PR ABESCRIT SPSS AILHIAT RSP 0T . HEHE
A% By S BT A R SR RO A B A
RO 5 22500 E RS 16 TR 3
FELE TR A R LB, 3R 14~ 15,
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Table 13 Multiple comparisons of water use efficiency for tomato with straw biological reactor

95% E {7 X [H]

Kk OiE (D i Rt Bt (95% confidence intervals)
Inspection Treatment Treatment (1-1 SE Significant TR R
Lower limit Upper limit
2 —-0.98333 2.30773 0.681 —-6.3050 4.3383
1 3 —-1.77667 2.30773 0.463 —7.0983 3.5450
4 -7.77000" 2.30773 0.010 -13.0916 —2.4484
1 0.98333 2.30773 0.681 -4.3383 6.3050
2 3 —0.79333 2.30773 0.740 -6.1150 4.5283
4 —-6.78667" 2.30773 0.019 —-12.1083 —1.4650
LSD
1 1.77667 2.30773 0.463 —3.5450 7.0983
3 2 0.79333 2.30773 0.740 -4.5283 6.1150
4 -5.99333" 2.30773 0.032 -11.3150 -0.6717
1 7.77000" 2.30773 0.010 2.4484 13.0916
4 2 6.78667" 2.30773 0.019 1.4650 12.1083
3 5.99333" 2.30773 0.032 0.6717 11.3150
~ R 14 EBH EENERRREE
E E‘ 28 Table 14  The original data of evaluating indexes for irrigation schedule
o O
<850 o N o
sEn W W REX, KGREECE Y, Ve dl X,
% 230 Treatment Yield WUE Amount of Ve
= = 20
=g ‘8 , , , , Al 201777 46.20 0.12
X
’%B A1(B1) A2(B2) A3(B3) A4(B4) A2 188313 47.51 0.12
K [\ [
- K53 Kb B Treatmént A3 201277 48.30 0.09
—e— F4 i B X Straw experiment area
—a— % A4 X Contrast area A4 228933 54.29 0.07
e = Bl 129200 33.04 0.05
11 BHHFRERSHRIXEXKSF A . 153700 s 0.06
HEXLIFEE (EEH) ' '
. . _ B3 132067 35.45 0.08
Fig.11  Contrast line of WUE between straw experiment
B4 157867 40.76 0.07

area with contrast area (duplicate)

KI5 BRERFE—FZERIEINHFLER

F |E(,o Table 15 The ranking results of score according to the first,
w5
g_’é 4518 :7\—_ﬁ second principal components
~ o 30
i § ]8 ) ) ) ) Treatment First principal Rank Second principal Rank
2 AI(BI) A2(B2) A3(B3) A4(B4) component component
JK 43 4k B Treatment Al -0.315 4 1.312 3
—— fHFFik '%} [X Straw experiment area A2 ~0.342 3 0.922 5
—a— X} LS X Contrast area
A3 -0.368 6 0.664 6
12 BEHRBXKEXNRXWEKSFA A4 2.233 1 1.950 1
R LT & E (b EHE) Bl -1.166 7 0.295 7
Fig.12  Contrast line of WUE between straw experiment B2 0.280 3 0.964 4
area with contrast area( average) B3 1.347 2 1.535 2
. . N L . B4 -1.671 8 0.089 8
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F{ = 0.7122, + 0.65Z,, - 0.266Z5  (5)  pRbF 7= HKE bR A ST AR I E, 10
Fy =0.237Z, +0.425 +0.916Z5  (6)  {EhJ, FWIRAEHL T 97 5t Kk 4 A FH ARt
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Z I 25 S O T Fy 2 3 B EAR R A A AL
FHLRIG, B B Y i 77 1 KRBT A 7K 43 Ak 2R
B Fy WO, RUTZAL BEZH G T 1 Al i 4
1 B TR TR BOCR B ERURIRK Fy
ARG AR 5 S PN A5

SR U DG O ' ol P 1 B = B3 BT 51 B/ 8
SYRLFE A4 FT B3 (AF SR AH XS R , SR BNIZAL IR T
B WOKBOR S R . R IR X
i S KR AE B W I AE 60% 0, ~ 70% 0, T 1E
A SR HITE 70% 0 ~ 80% 0, 45 301 il 76 70%
0 ~ 80% 0, HLAT REIRH: DX A Al /K 2Pl FRAE i 3
FERITE 60% 0 ~ T0% 0, JF AL SR IR HITE 60% 0,
~70% 0y, 25 RSN HIAE 70% 0, ~ 80% 0y 197K 534k
A TR E ™ B KSR B R, A
FEE 1 TN ITFR = 0h

F* =0.237Z, +0.4Z, + 0.916Z5  (7)

S5 T T 1) 0 A 245 SR W R0 < R T 2R W) B
ZMF T AEY A4 7K 3 Ab R 2 AR AR 00 AE K R R
e, KA R R R T, IRk B T
TR R R B AEROR s R, 256 32 1043 43 B &6 21
FIIR G R, 15t A4 7K 3 Ak 38k S AR K 45 i T
BRACHRZ G o PIARREFEA P S N HERG HE S50 T Bt
YR - PR T BRALGE A 60% 0, ~ 70% 0,
FEAEAR TR B 7E 70% 0, ~ 80% 6, 25 S W3 42 1l 42
70% 0; ~ 80% 0y

3 R RS AT A5 Y RS AT A ) S HE B
ARFNTHE AT A P ) B2 R - T AR
(09 =20 ~ 12 — 28) #E Bk 4& # 4 : 330 ~ 390 mm, {# 7K
17 R FEKIRE N 2.2 ~ 2.7 mm-d ™" T 14 199 (09
—20~ 10— 16)HEKJE A 6 d,HEIK 4 U, HEKE R
15~ 18 mm, FEZKFRBEHR 1.6 ~2.2 mm-d ™' Fili
TFAEAE R (10 - 17 ~ 11 - 19)#EK Al 6 d, #EK
5K THEKEFN 22 ~ 26 mm, FEKGRE N 2.6~3.2
mm-d ™ FAERI (11 - 20 ~ 12 - 28) /K Ji 11
5 d, 7K 8 UK HEFKGE BA 20 ~ 23 mm, FEIK 5 EE
2.3~2.8 mm-d™',

4 4 g
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(1) A AT DX 5 08 I B DX /K 5/ N B 1
DU A AT A= 0y 07 HE 3 B0 X DA A 4 7 £ 38 5%
KA BRAEHT; BEK BRI B R AR

o7 HEAEGT B DA AR FE K B K. 500 REAL BHAR L, 7
FFAE 4 07 HE BH S 18 0 T 7 a0 T AR A SR A AN 25 SR
FAAE 7K i B, HL B8 49 31 R 27.01% ~ 50. 50% F1I
15.87% ~76.32% .

(2) FEFFRES X 3K AR b 2 I AN W) 5k, A I
TEXT B IX 1) - K AR fh i e Sl AR, AR AR W i
H RS FFRES I  + EKAR b 1 Sl A S AR A
SIIARRL

(3) A3JKIMEFRZEAET Wi 60% 0, ~ 10% 0, TT
TR I HITE 60% 0 ~ 0% 0, 25 R I LE 70% 6,
~ 80% Oy, LI L 7K S5 X Z AR AR A= RS FH AR ) S
o7 HE 114 A 40 S5 7 S e A 2 B O B A AR VR

(4) A[F]7K 43 Kb P4 1] 7™ ok 26 S Wb 35 RS AF A=
W 0 HE 25 AT A At B e TR R X
T, H IR 18.38% ~ 35.97% . ; /K43 F FHAL IR
FEIL RS AT A S0y HE v T B DX R, O i
9 8.31% ~29.08% .

(5) &G B I R AT EE 8, 15 A4
(B4)7K 3 Ab 3R B /K A3 5 N PR AL BR A & #
T HE 40 I 7 M A AR TR TR 25 A e s B ) 7K o4
il T BRALA AT 60% 60, ~ 70% 0, FFAEAL F I
1E70% 0y ~ 80% Oy, 45 R W 1E 70% 0 ~ 80% 0y
HEM AT 09 -20 ~ 12 - 28) L E 4 M : 330 ~
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