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Effect of straw bioreactor on the growth characteristics of
greenhouse tomato growing in autumn and winter

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

Abstract: The objective of this work is to elucidate the influence of straw bioreactor on the growth characteristics of
greenhouse tomato in autumn and winter, such as plant morphology, photosynthesis, fruit quality, and yield. Results
showed the application of straw bioreactor effectively promoted the growth of tomato plants, and increased plant height and
stem thickness by 8% and 10% , and improved the contents of protein, soluble sugar, Ve, and organic acid by 11% ,
17% , 14% , and 12% , as compared with control area. It was suitable for the photosynthesis of the plant and the accu-
mulation of dry matters as soil moisture was maintained at 60% ~70% of 0;. It is suggested that the minimum limit of
soil moisture is at 60% ~ 70% of 0, at seedling stage, at 70% ~80% at flowering and fruit-setting stage, and at 70%

~80% at fruiting stage of tomato growing in winter under drip irrigation. In addition, application of straw bioreactor

should be of value for improving yield, quality, and economic benefit of tomato production.

Keywords: straw bioreactor; greenhouse tomato; growth characteristics; photosynthesis
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1.1 RIEHR

RIGTE L FH AR K RE TR 25451000 K b H 6T
FEWNIFT . IR XA TS 410447, K4 123°27' ,4F

TR e A 29°C, AR AR - 20°C,
S 7.0C ~ 8. 1°C, P BE K i 574.4 ~ 684. 8
mm, Y% N A AREE, H A RFK S 39% , -5
1) pH BN 6.5, LIEFRFIROLILE 1,

®1 TEHFSKER

Table 1  Soil nutrient status
AL £ R A £ A £l A
H Organic Total Alkaline hydrolysis Total Available Total Available
P malter nitrogen nitrogen phosphorus phosphorus polassium potassium
/(g-kg™h) /(g-kg™h) /(mg-kg™!) /(g-kg™h) /(mg-kg™!) /(gkg™h) /(mg-kg™1)
6.5 17.5 1.053 34.604 0.763 407.789 40.376 171.835

1.2 iRt
B TE A — iR 2 N AT, 2 R /N X,

HE XA SRR AR RO HEROR 15 X B
X R, AR ARG S HERE AR o R FHE 1T HE Ty
K, HKFLIEEE A 30 emo fHKVEY) R Fh, o
BRI 435K 3o A7HE R 50 em, ¥EEE 30 emo A
INXEBA 4 DA, B 3 I BEE
T 8 MR o AR Sk Eo KPSl HE bR . Y
3T R AL T K S R T BRG] N s 6
KK B RS KR . KRR AKX (DT
b,

M = (Opay = Onin) x Sx Hx p (1)
K, MOHE K (00°) 5 0 g+ O i 23500 R 13K 345
il R BR (AR E K ) 5 S ke KT () 5
H R R8I )2 (m) ; p HRIE L, TR p =
0.9, H 34 T FRFa i Y5 Bl L35 214

R2 EHAKS TRIEFSEE %0,

Table 2 The lower limit of soil moisture before irrigation

R TFAEAE R4 4554
fbag . . - .
Seedling  Flowering and fruit-  Fruiting
Treatment .
stage setting stage stage
Al 3§ B1(Al or Bl) 60 ~ 70 80~ 85 70 ~ 80
A2 I§, B2(A2 or B2) 60 ~ 70 50 ~ 60 70 ~ 80
A3 3 B3(A3 or B3) 60 ~ 70 60 ~ 70 70 ~ 80
A4 8 B4(A4 or B4) 60 ~ 70 70 ~ 80 70 ~ 80
B
HHREE)Z /em 0 20 0

Plan wetting layer
T A ARFRICE FEFF 193080 I 5 B AR ICHEFF 1 g X R IX
TR B A ] 357K 5 (6,) 1 %01, HEZK 1B Ay FH TR) K 2

Note: A, the straw area; B, the control area. The lower limit of soil

moisture is the percentage of field capacity 6;. The upper limit of soil mois-

ture is field capacity 0.

1.3 EtRFniL 7T &
SRIT] Trime T3 + M3 SUEBZ A 3 - 5 d-

W SRR AL AR R RZE G Ay
AE 14 TDR &, 400 e #h3R LLR 10,2030,
40 em PRAL 1Y 385 K HEOKFT S I, R % N
b PR RSS2 I B I 15 SR AR R G W, % g A Ak
PR 5.15.25.35 em TJZMEHITARK 24 h B2
M, MRRERS , B A0 BB 12 FRAAR , 6 4
RN RFNEbR R ROE I (5 7 &) I EERI iR A2
FL AL, A PBO402 S48 RSN R F bk ()0
B AN R AL BEARR YRS SR 58 7 i R AT R
T RS i A b FEVE K B A A T
ARG ERKFRIATI B, BRHOKEZ A 24T
WIS KR U G SRR RN« AT PR AR C
(Vo) AT U0 A MLIR & it o
1.4 BHEVMRNERESH

s A 0 SO HE 1R Y8 RST SRR B 50 ~ 60 em, it
JE 60 ~ 80 em. SRJE RS T, 1200 X R A 4 R
90 kg*hm ™ ZHFATECAT o 8 FH 77 v S 4 v L 22 %k
KPR (R 25k 7K = 1:20:25) , $EIE 45 4 KD
. fEY e AT 7E R A2~ JF98 , AR 20 em, 74
KE5ZRKME, BEBINE)Z EREFFB (S ~ 10
em K, B A 30% ~40% ), T TAIRIZS . 0B %
MRS FRICATE N, MR IR 3 30 em B PRS0 HHA
SEFRGF A TR RN o 22 RN T BRI P R 30% .
FEE b2 IR AR B XS IR, A LA
RN 22 500 kg hm ™2, 2K J5 4 _F A [R) 2502 1
FE ORI 4% 273 PRSI A S8 — 2 R54T B, 15
B 25 em, FEATITEBE K. TEZEE BRI, — K
FAR AT LA 3 cm, B2 24l 2 R RS AT, 9523 [A]
BF R 40 em.
1.5 HERHFAIE

RIS KR Y EXCEL, SPSS B AF #4743 47 o
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Fig.1 Comparison of plant height among treatments
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Table 3  Analysis of variance for plant height in straw area

A misd HRPETR ANFITH G RE o
Days after seedling Sum of squares Sum of squares Statistical o
. . Significance
emergence between groups in the group quantity
10 0.363 2.487 0.390 0.764
20 0.163 1.300 0.333 0.802
30 13.983 6.327 5.89%4 0.020
50 9.443 4.427 5.688 0.022
70 22.602 5.027 11.991 0.002

x4 MRABEKBFESNE

Table 4  Analysis of variance for plant height in control area

ARz MEPFITA ARNTPITH G o,
- . - 5
Days after seedling Sum of squares Sum of squares Statistical _.
. . Significance
emergence between groups in the group quantity
10 0.842 1.547 1.453 0.298
20 0.609 2.680 0.606 0.629
30 82.840 7.167 30.824 0.000
50 10.283 6.107 4.490 0.040
70 104..909 18.840 14.849 0.001
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Comparison of tomato stem thickness among different treatments
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Table 5 Analysis of variance of tomato stem thickness in straw area

AR/ B ANV SR

Days after seedling Sum of squares Sum of squares Statistical E%ﬁ:
. . Significance
emergence between groups 1In the group quantity
10 0.000 0.001 1.061 0.418
20 0.000 0.001 0.952 0.460
30 0.005 0.001 12.056 0.002
50 0.005 0.001 9.733 0.005
70 0.738 0.065 30.502 0.000

Fo MRABXEFEMEMEFESIR

Table 6  Analysis of variance of tomato stem thickness in control area

ARz AEFITA ARFITR GOEE
Days after seedling Sum of squares Sum of squares Statistical Sienificanc
emergence between groups  in the group quantity rgniticance
10 0.000 0.002 0.389 0.764
20 0.001 0.001 3.563 0.067
30 0.003 0.002 4.607 0.037
50 0.024 0.004 17.309 0.001
70 0.096 0.038 6.839 0.013
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Fig.3  Comparison of photosynthetic rate, transpiration rate,

and stomatal conductance of tomato among different treatments
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Table 7 Multiple comparison analysis of photosynthetic rate,
transpiration rate, and stomatal conductance during the flowering

and fruit-setting stage of tomato among different treatments

oA R AL 7N R
Kb Net photosynthetic Stomatal Transpiration
Treatment rate conductance rate

/(pmol'm’z's’]) (mmol*m~2-s"")  /(mol*m~2-s7 1)

Al 16.0Bb 134 .4Aa 13.33Aa
A2 18.25Bb 67.8ab 7.9Bb
A3 28.48ABab 101ABab 11.5ABab
A4 22.75ABb 71.3Bb 8.45ABb
Bl 23.88ABb 70.1Bb 8.8ABb
B2 18.2Bb 58.6Bb 7.0Bb
B3 39.73Aa 72.7Bb 9.3ABb
B4 31.85ABab 104.7ABab 12.7ABab

T RE TR 0.01 RE KT /NG TR 0.05 Bk
s R R TR R 2 R A B .

Note: Capital letters indicate P <0.01 significant level, and lowercase
letters P <0.05 significant level. The same letter in the same column indi-
cates no significant difference.
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Fig.4  Comparison of tomato fruit quality among different treatments
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Table 8 Multiple comparison of protein content in

tomato among different treatments

Ab 2 B 5/ (mg-100g™") 53 KF Significant level

Treatment Protein content 5% 1%

Al 0.26 ab AB

A2 0.27 a A

A3 0.22 ab AB

A4 0.23 ab AB

Bl 0.18 b B

B2 0.14 be BC

B3 0.11 ¢

B4 0.12 ¢

RO AEKSLEEM Ve SEMZERR

Table 9  Multiple comparison of Vc content in tomato

among different treatments

b3 Y2 C/ (mg-100g~") fEIKOF- Significant level

Treatment Ve content 5% 1%

Al 0.12 a A

A2 0.12 a A

A3 0.09 ab AB

A4 0.07 be BC

Bl 0.05 c C

B2 0.06 be BC

B3 0.08 b B

B4 0.07 be BC

100g™)

Soluble sugar

Al % PR/ (mg -

A PLER/(mg « 100g™)
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Fig.5 Yield of tomato of different treatments
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Fig.5 Three stages change characteristics of first frost dates during 1971 to 2010
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