55 37 %" 4 1] FEREMBEXRLHFR Vol.37 No.4
2019 4 7 Agricultural Research in the Arid Areas Jul. 2019

M E4HE:1000-7601(2019) 04-0043-08 doi : 10.7606/j.issn.1000-7601.2019.04.06
EAEXERERELTERERE
T EBERU
FHELE BCLRELKEE EAR PR T

(LIRBRAMy K2R 24 B 30T PR BH 1108665 2.3 BHAR MY R 2% K Fl24 e, 10T TR 110866 ;
3NEEH A X ST, NS PR 010051 ;4. 83N TS 45, 107 45 121000)

H ENTEROAGREAFEFEATEN, W THRIZNFTL BE KEXRRETETNER LB E
AR T Penman—Monteith( P-M) 77 2 & 3 Jr e bF R IR R E = Ao h F WA AL FHEA  LHERE
XS BT iR E K F A M F A (Lycopersicon esculentum Mill) 4k 89 5 R £ 34T T KB Bl , B 7 T A1
HEEEEEHG MK RAEZNEENAE, FAETABRE MG LT ARANEEXR AR T LERBER
(S S S b AR ,nﬁ'%iw 2017-12-11—2018-01-03 % 1§ K FA % 48 4T % A8 367 W - m™> 0 B & [ R A xF
WEEI100% FAMNEFEL Om - s WHEAT, ERERARTEZASH A FH A EAHEEE XN 147~438
sem AR KA 211~365 s - m‘l;%%tﬁ‘uﬂwﬂm%i 69~1506s-m', AKX 132~1151 s - m™';P-M 7 BE Py £
MEFEHEBERAEER AR FEHFHMELE K 0.06,0.02 mm - h™' A BUE 5 520 B, F 24 32 2 4
H10%, FRAKRR BEtkFEH LT EERENBSRRELTEBERA LM ERREFE T, LEIEENREL
MHEBEERYHIA, ARXRENEBARGEEBEAT I T ERAFOAREEREEERABEGFEUR
KA EBRMESE

KEEE T ER H AR E EH AR ABE. LERAEE

hESES.S641.2 LEERE:A

Simulation of tomato transpiration with nutrient substrate bag-cultivation
in solar greenhouse during winter in the cold region of Northern China
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Abstract: Crop production in solar greenhouse (CSG) in the cold region of northern China is usually per-
formed under the environment of no ventilation, low light intensity, high humidity, and low temperature. Thus, the
crop transpiration is different from those in other kind of greenhouses and in ventilated CSGs. Tomato is the most
common crop grown in greenhouses. In this study, a tomato transpiration model based on the Penman—Monteith ( P
-M) equation, aerodynamic resistance, average stomatal resistance, soil heat flux, and other parameters for the
particular environment was used to estimate the transpiration rate of a tomato ( Lycopersicon esculentum Mill ) and
validated by experiments. In this model, aerodynamic resistance model was based on free convection and the stoma-
tal average resistance model was inversed by measured transpiration rate and P—M equation. Heat conduction trans-

fer into soil deep was taken as 0.35 times of net radiation during the daytime and 0.13 times during the nighttime. A
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sensitivity analysis was conducted for the influence of different soil heat flux on tomato transpiration rates. Based on
this model, the study revealed the daily variations of transpiration rate, net radiation, and saturation vapor pressure
as well as the quantitative relationship between transpiration rate and net radiation above single plant. The results
showed that, during experiment period from December 11, 2017 to January 3, 2018, with a maximum daily solar
radiation of 367 W + m™, near 100% relative humidity at night and during cloudy day, nearly 0 m/s air velocity,
m' to 438 s -
-m ' t0 365 s - m™" in cloudy days; the average resistance of stomatal was from 69 s +
-m'tol1151s -

tomato simulated by the P=M equation was 0.06 mm + h™" at noon on a sunny day and 0.02 mm - h™" at noon on a

m~' during clear days and
m~ to 1506 -

m™" in cloudy days. The average transpiration rate of single

for single plant, the aerodynamic resistance changes ranged from 147 s -
from 211 s

m™" during clear days and from 132 s

cloudy day, with about 10% of the Mean Relative Error of simulated values. The results also showed that 43.5% of
the net radiation above plant was transformed into latent heat by transpiration and the changes of soil heat flux had
insignificant influence on the transpiration rate under current experiment conditions. Thus, the transpiration rate
simulation model could be used to estimate single tomato transpiration in winter in the cold region of northern China
and also give indication for water management inside CSG.

Keywords: the northern cold region; solar greenhouse; tomato; nutrient substrate bag-cultivation; transpira-

tion; soil heat flux
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instrument position in CSG

PURIIRT§E| R Y T 7/ m
Measured items Position above ground
BERST Global radiation 2
iR 3T Net radiation 2
Z53 TDP flow 0.5
2 ERE Air temperature 2
2SS HMFHESE Relative humidity 2
M Leaf temperature 0.5.1.1.5
W Air velocity 2
BT K Rt 4]

Water content of N—S

AR R A7 B 525 R T I0) m 28 R
PERGEMME ., (L) X Rk Se g AT st
0T B IEAN G AT (H

AT, - 1.96SE AT < AT, - 1.96SE

Middle of cultivation bag

AT = JAT ATy - 1.96SE < AT < AT, + 1.96SE

AT, + 1.96SE AT = AT, + 1.96SE
(D
A, AT AR ET Z )R 2518 1EAE ; AT A 520 PR
WREF Z 22 AT, 5 AT AR S R 5 /Y
AT JF 75 09U S EIM8, SE AN W shbriiE 2
Fe IE J5 R BCPE R UL R iF B A8 22

ﬁ%o
MR8 Granier $2 ) 1Y FEA 5 7 9k , Hit &
FEARZE T R B A UF

F,=118.99 x 10 - 6K">" (2)
itl’l‘l ,Fd ﬁ‘j%*{?&i}ﬁg$(m * Sil) ;K ﬁ‘j/g\ﬁo

K= (AT, - AT')/AT’ (3)
AT, AT SR H N AN R 2 i M R
Z Bl 22
W IRV R A A B R 2 B
F. = 3600 x FpA, (4)
Krh, F ARG AR (g - h ™) s F, 2R
AR R (m - s™') ;p AKEE(g-m™) ;A N3E

FREEEIE A (m?)
B FAs AT AT T3 S AR AT AR S0 7% 19
;%:{{E[ZO—ZIZ :
FLAI
T = o00La (3)

K, T, R EARRAE R 25 HR (mm - h ') 5 La A BE
WEERET B 07 AT AR (m?) 5 LAT Sy Bk it T AR AR
BCHERRAE R T AN/ SEARATRR G T AL
1.3 SHAE
1.3.1 ket @mRIEH (LA MHERBSRAET L
FrH K T R AR TR, I i p S (AL A A
KB Fdeknt s i E AR m >,
0.3782ab 0 cm < a < 20 cm
“10.3184ab @ > 20 em (©)
A LA R (em®) 50 T KBE (em) 56 24
M F5SERE (em) o LAL = LA/ BSARRAERE &5 HU T AR
1.3.2 AR RH(K)  MRIEHIRK - BHAKF (Beer -
Lambert) &35 .
K=- Lln ks (7)
LA,
A LAL Ry SRR T ARAE H05 1,1, 53 500 Ry Bk RUEE
b TR FIAELRR b5 A SRS (W - m ™) 3HEAEH
9: 00—14: 00 A% 10 min IYTH LR B, MRS HT R
LIRSS B T R B (BRI K >
L BB ) 1L H S B G BB S AR
HTH G R 5L
1.3.3 & J/8 Penman — Monteith 7 #2841 B X2 T
AR EBERERAEE  EHEDIENERE Jf
S5 E G T Wi R 2 R I A A
NS I [ i 3, Penman — Monteith 5 #2111
SR 5 PN LR PR 25 T o (Y A ST gy
(R', = G)A + (pc,/1,) (e —e,)
- [A+y(1+r/7,)]

AE (8)



46

T F XA 5T

o537 &

A KIIZE RPN 2.45 x 10°] - kg ™' s E W78
KF(kg-m™ s R A HRRAEAR IS S (W
cm ) ;6 HIEHGEE (W - m ™) ;A S FIK IR
BETRE A ALt 2R B (kPa - C ') ;p A RHE,
1.205 kg - m ;€ A SEE LA, 1 005 ) - kg™ -
Chyr, MIPARME MR IR Z S ]S 12 1 (s
m™') e AR IEIE (kPa) se, A 32 PR KI5 E
(kPa) ;y NIBJE i %,0.0646 kPa - °C~';r. JEA
PRAFAR X AR B ) (AR s - m™)
R,,,, =Rn(1 _ efK-LAI) (9)
XA R, M ERRRERE B SRS (W - m ) 5K NI
JERE; LAL g kit IR RS 55
M3 Goudriaan 1 Van'? .
A =4158.6¢e,, / (1, +239)° (10)
e, HENE TR (C) ;A IR BER
&R % (kPa - C71)
e] =0.6107e 774/ Car29
Kr,es Ko, FRMRAUKIAE(KPa)
B R S AL ZH 2L (TR PR FAO) HEXF T
Pl ¢ AR 0.5R, AR 0.1R, ) A SCAR
Pty FEIX H IR 2 48 | 35 75 B[R] R iR = 09 H
HRIHEON 6 T8 IE, AR R T 0.35R,, BETH R
0.13R,, Ji& SOOI HUH A T BUBME RS 59
1.3.4 ARERAFZHAFMEA(r,) MH S5
ML RS r, KANEDIME | RUEEY S
Ji) R R B AT 400 0 R R et 38 48 19 2 1 R U8, FL R/
PRE AT % | Stanghellini'®) #7757 2 W AEATT R
B8 KA LUR A X 8 A7 7 1 X #A s He
R XS e R R A, 2 = KT 0.2
m - 5™ B BRIA XTI -, FMAR /N AT 2200
R4 Campbell ™ BFFT 25 R, JL  FEX & F H
% P A5 A FR I 5 R R s AT B 2R (R
EAT R, R PeE R TR AT

d 174
r, =840 (] (12)
‘ Tz - Tq ‘

(11)

KNS (s e m )
(%) e

2

Aerodynamic resistance

.

13 14 15 16 17 18 19 20 21 22 23 24 25
H # Date

& 1

rL‘

AALEBE /(s e m )

St

" T oAl (13)
Afr,r, AR - R ZEE A3 EM T (s -
m ") sd M FREREE (m) (AR EE 0.15 m) ;
T, AW R (C) T, M EZ W (C) 5r, A
PRI MR A Z 2 R B I 1 (s e m ™) LA R
PRI TR 2K

1.3.5 M AT ARKAGI A (AILFHM S,
r.)  VEWE M RS AL S R R AT S

TIOR3t , 5245 A0 A% i ik 7 rp 2 AL BH T 4 4
1 T2 M i 35 N UL 2 B D A9 32 B R AU 4 =
SRS IR ORI K ISR 22 S R T R T]
LIE 3 S 1 7 AR AR A a 19 r fH 1, 3t
AR TR

_, |:(R'" -G)A+ (pC,/r,) (e, —e,) —AAE 1}

YAE
(14)
AP AE SRR a OSSN ZE I EIAE (W - m ™) 57,
AR a B RRZS S E I (s - mTh)  HoR

B R RERR o BB R BE N I8 B EL 2 S RT
2 ER500r

A (14) AR r fH PR b e AR 7,
1B S A PREE bR (LAD) HARALT(8) I b e #R7E
1 TSRS, I 5 LA R 0 S0 M L 5 A BT, A
55 P - M BRI . B 13,1 THR A I )
LAla = 1.18 ,LAIb = 1.05,LAlc = 1.08,

2.1 HBXEBRENEKEKLAERZSIAERN
5K B AT ME

3 03K 56 A ) A i 7R R Y 2017 4F 12 A
13—25 H(HAF 13 H5 17 H hZFEHK 14 H524 H
NIRRT R ) #2213 d Bl HEAE
Pk a B FZ2 ] B 12EB 01 (r,) 1B SRR
(r,) f8,r, 5 r, EARRBEERNE 1 Fis,

16001
» 1400F

(b)

%)
=3
=]

1stanc

10001
8007,
600

matal res

0
&~
o
=)

200r ||

0
13 14 15 16 17 18 19 20 21 22 23 24 25
H 3 Date

ZFARBRENERENDREZSIAFESN(a) ERAFHEA(b) TAHME(2017 £ 12 A 13—25 H)

Fig.1 Variation of aerodynamic resistance and leaf stomatal resistance of single tomato plant in CSG during winter (Dec.13 — 25, 2017)
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Fig.5 Relationship between the net radiation above plant and the

measured transpiration rate ofsingle tomato plant in CSG during winter
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Fig.6  Sensitivity analysis of soil heat flux in CSG during winter
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