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Diagnosis of Irrigation Time Based on Microchange of
Stem Diameter in Greenhouse Tomato
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Abstract

Stem diameter and shoot fresh weight of tomato grown in greenhouse were
measured non-—destructively at 10 minutes interval from 1 to 16 July, 1996
with displacement detector using strain gauges and with suspension—type load
cell, respectively, and simultaneously were measured soil water potential, transpi-
ration and solar radiation. Ample water was irrigated before experiment, and
thereafter, irrigations were made on the next morning when visual symptoms of
wilting appeared. Shoot fresh weight and stem diameter showed very similar
patterns in diurnal changes which are characterized by predawn maximum and
afternoon minimum and in long—term evolutions, suggesting that stem diameter
shrinkage and expansion are closely related to plant water content and growth,
respectively. Shoot weight and stem diameter reached minimum values a little
later than the time on which transpiration showed maximum. The daily net
gains of fresh weight(DG) and stem diameter(DI) showed significantly positive
correlations with solar radiation in those days on which plants were not water
—stressed. However, DI and DG on those days of water stress showed much
lower values than expected from the relationships between solar radiation and
them. Transpiration was much lower than the expected potential transpiration
on 10 July, implying that plants were water—stressed. In this case water stress
was not detected from visual symptom of wilting and/or soil water potential,
but was able to be identified by the lower DI and DG than the expected. The
maximum contraction of stem diameter(MC) and the maximum loss of fresh
weight(ML) during daytime showed significantly positive correlations with solar
radiation in those days on which plants were not water—stressed and were ob-
served greater than expected from the relationships on severely water —stressed
days. But mild water stress could not be discernable by ML and MC. It would
be concluded that the daily net gains of fresh weight and/or stem diameter
could be used as criteria for diagnosing the water status of tomato and for trig-
gering the onset of irrigation in automatic system.
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Fig. 1. Diurnal fluctuations of solar radiation,
transpiration, fresh weight and stem
diameter of greenhouse tomato on 3
July, 1996.
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Fig. 2. Time course changes of soil water po-
tential, shoot fresh weight and stem
diameter of tomato plant from July 1
to 16, 1996. Stem diameter and
shoot fresh weight were described on
the basis of 0 at 10:00h on July 1.
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graph mean the dates of July.
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Schematic representation of time
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29 5914 Bd DG DI 9 ML3t MCE:
AxR ¥ Feo] AL el FAF
g 7t AAT SUte % Wy =@

T AAA 5L AW FEEF
ZAAaE A W9 FAAY wste Y3
AEA S FEdstel A3 F8F YRE A
T3t Ao R e}, Schoch §'+'92 DI
S} &FIAF Dol Fe Aol ldn
4} =3+ Garnier®} Berger®s= MCel 4%
A d+EEWNA zhol, Simonneau §'7&
F2re A 53 RS R B
ol lvkar 3t B dst FAG AIAE B
ag wk Qlch

ML

120
\g/ 7
= 100
2
1l
g 80
[
3 &0 3o

1 3

g r = 0.942%
@ 40+ &g ®
g 12 14
E 204 w
= 15
]
>

0

0 10 20 30 40 50
Maximum loss of fresh weight(g/plant)
120
9
-
£ 1004
=~ = . 5
.g 804 r=0.894 3 B
o
4

E, 60 1 1 s
8 | 13 14
o

20 15
§
..v_, 0 10
Z 20
Do 1t

-40

-5 0 5 10 15 20 25 30 535 40

Daily gain of fresh weight(g/plant)

Fig. 5. Relationship between daily increases
of shoot fresh weight(DG) and stem
diameter(Dl), and dally maximum
contraction of stem(MC) and daily
maximum loss of shoot fresh weight
(ML).

% 62 dAkFa DG, DI, ML 4 MCstel



e ERBRRE(EE HARR)

BAE Jehd Aok A DG 4 Dis}
= DEE $9% B9 4Bo) AA DG 2

= g0 3E8%

B el A

B YA Fdd v SdEE A

DG}

= BHE S #E BFE L WG IHE

Ho=2 Hzsw Schoch £5'9% At Abg

3 Hd AHA, &34 334
(D& Az A7 Aok 9o
SRR 7L et o g wdg s 7,
do] A¢E 7 29 YA 9 sy
+ DG 9 DIut} #A3tAl 3ot
DG ¥ DI #E9 SEZ RE

UIE

v DG ¥ DlIdl &3t} 93 +8 55

setd 4 AN AE AL EFSFE
A% B AJIE ZFsE A 2o DG
& DIZ @ddhes Aol fed oz dd
ot ¢9 dAgs ML 9 MCst= #e @
Ao AdE B YATF] Bol F4lte] T

CRAA F5 3 FUY HEA SEHF A2 »
a8y €718 FF0] wA e Fusy FEFA
10, 11 JEgd ¢ F¥A 2o =L F ¥l
Zids gy fERR vl YEhgs] AR
et 1099 B S s 7Rl HA E%E
w3l d os HEAI FENSAHA Eoirbd

<d 834 ol8d £ A& Ao Holy 718& 2ol F4lo] FAEV" WEY AR
1099 A$ 2AFo g} Egsed A2 AZ-dc getd 3FF 2 AAF HEE
HE 289 $£2 £58& =43y d=ise #A AZ1E BFFDA e - ML 2
— =
5 40 5 LS50
351 Y =53+ 1.4X 2 Y =75+ 0.6X
A R-square = 0.696 w R-squore = 0.638
£ 301 8 401 @
& 25 | -
p= 5 301
£ 201 s
T 154 2
- 4
£ 10 a 20 o @1 s
8 5 4 - 14 8
- 0 o = £ 101 13
e ~ (©) e 2 15
O —5 5 T T T T T T
@ 0 2 4 6 8 10 12 Ja 16 18 20 % % 2 4 6 & 1o 12 14 16 18 20
Solar radiation(MJ/m*m /day) = Solar radiation(MJ/m*m /day)
~
E 120 5 E 120
2 100 Y =301 +36x £ Y = 22.7 + 1.6X @
g R-square = 0.675 2 100 R-squore = 0.494
& 80 3 S
_}(} 60 ..g_ 80 ]
1]
4 o 60
£ e £ 0 Q
= 201 15 2 40 2 g 89
E o @D D n 12 el
W E 20 %
> @ £
© - 5 0
™7 7 6§ & 1o 12 12 16 18 20 2 "0 2 4 & 8 10 12 14 16 18 20

Solar radiation(MJ/m*m/day)

T
©
o

Solar radiation(MJ/m*m/day)

. Relationship between the daily solar radiation and the daily increases of shoot fresh

weight{DG) and stem diameter(Dl), and the maximum loss of shoot fresh weight(ML)
and the maximum contraction of stem dameter(MC). The encircled dates were water
—stressed and excluded in the calculation of regressions.

—255—



o] I HERS EvlEe] HEE Bikol T EMMNY 2H

MCE 7122 3= Zxne:= DG =+ DIE
71Fog B o ¥ Aoz B
= odEd Katerji 7% 719} 540 o
& AYPlH MCE 7IE22 3& Xy DI
of A B A7E Ads= Aol €@
stopa stsdch

ojate] AME2He £ w DG 9 D&
e $£E4d9 w3E & kg sty o] &9
44 Q monitoring& F3le I A7) 9
g Ado] 7153l ol EvtES I 2
5-2oll o] & 4 & Aojrh

o rf

H 2

2 A7 Exe AW EntEdA 7
Aol AAH Estel gAY ¥, ESSF
¥, T4 9 YA 49 BAE FgHo
2 slotsled EntE H 279 monitoringoll
g WA AF S 2 Aol
2Ed QA2 AAF FAA vlaEs &
A2} load cellg ol &3l ztzt AAH
w3l 9 AAR YAFe WaE 19969 74
195 16Y72 108 7Hog AZsge
o, £ EY SEY, T4, AAF 5=
FA)e BEA. AYE Ay do F
g WAE dlgen oFE gAgoz 9
2540 Jeldr] A% o @RS g
AAFH AAFL f$ FAF Y¥3}E B
Aed HE FHY 24 6AA A A
ol21 olF UAF FAke] Fujo] uwlalA
A28 AFRsle FAle] Hdjel o2& A
7Zud i £& F 3AAA A4 93
gtz dA 9 FAkel zhad wEkAd o
Fd 3t AR 7Ae wsiel AeEgFe] 3
ot g YHF BASL ik #ERF
40l ddd EEY 4949 AAF FF
(D) 9 AAF $713DG)L YA =H7 &
Ho AAE ngot FENFZNE P2
L YA wE o] F9 JdA R ¥
A dol YAF L AFAAR FAs WS
AU 238 Az o JFo=

BANAE BEsA B3t Flo] 7Hestd
o Y7z 5 7Y 1099 B¢ g} yew
= 942340 gdsloyd FAES dAs
A3l AEAZ FEFS AdAdd Aoz
Hrslgd=d o) F EF 10ecm ¥ 20cmol A
o EYgayE THIALE —02bar oo A
Adal Z zol7l gidleyt FARAF 2 A5
7 ¥A3) 35 #§F 35 A g
stk I 3 F<4e] AAF HAdAAP
(ML)3} 373 Hd$53MC) 94 dAF
3 Fo3t Jo] AF|E R A 4 FA
F do gz A s APl T
ojol) wgld AFz Aol Az FAE B4Y
o 283 AEY RN} AF A=
dalgge| wE olF9 xRk A3
o FEF I njfd A= AiA
8} FH 7 oy olEE JIFELE )
A21E AFsA Fdsr)E e Aoz
A g gy BAAZY Adds B
3%, MC 2 MLE 7€ & zng
DG =+ DIE 7|Fo2 3E Zol 84
RNez P g

o1 8 & 49
1. Baille, M., J. C. Lauty and A. Baille.
1992,
evapotranspiration of greenhouse orna-

Some comparative results on
mental crops, using lysimeter, green-
house HO0 balance and LVDT sensors.
Acta Hort. 304 : 199—208.

2. de Koning, A. N. M and J. C. Bakker.
1992. In situ plant weight measurement
of tomato with an electronic force
gauge. Acta Hort. 304 : 183—186. .

3. Garnier, E. and A. Berger. 1986. Effect
of water stress on stem diameter chang-
es of peach trees growing in the field. J.
Appl. Ecol. 23 : 193—209.

4, Higgs, K. H. and H. G. Jones. 1984. A

microcomputer — based system for contin-

—256—



YA ERRRR(EOE H450)

10.

11.

12.

uous measurement and recording fruit
diameter in relation to environmental
factors. J. Exp. Bot. 35 . 1646—1655.
Huguet, J. G. 1985. Appr ciation de l'eta
hydrique d’une plante a partir des varia-
tions micrometrique de la dimension des
fruits ou des tiges en cours de journees.
Agronomie 5 . 733—741.

. Katerji. N.,, P. G. Schoch, P. Rimgoto

and J. C. L’Hotel. 1990. Diagnostic des
p riodes de contrainte hydrique chez des
plantes d’aubergine cultiv es en serre,
au moyen des microvariations des tiges.
Agronomie 10: 541-549,

. Katerji, N., T. Francois, B. Olivie and Q.

Philippe. 1994. Behavior of maize stem
diameter during drying cycles: Compari-
son of two methods for detecting water

stress. Crop Sci. 34 . 165—169.

. Klepper, B., V. D. Browning and H. M.

Taylor. 1971. Stem diameter in relation
to plant water status. Plant Physiol. 48:
683 —685.

. Kramer, P. J. and J. S. Boyer. 1995.

Water relations of plants and soils. Aca-
demic Press. pp. 495.

o] ¥ £. 1997. AW EwiES Fi
2d ALY 9 HEF AEFHAMANALABE 6
(3): 1%

Li, S. H. and J. G. Huguet. 1990. Con-
trolling water status of plant and sched-
uling irrigation by the micromorpho-met-
ric method for fruit trees. Acta Hort.
278 . 332—342.

Moriya, H., K. Iwao. and H. Kageyama.

13.

14.

15.

16.

17.

—257—

1992. Studies on non—destructive and
continuous measurement of water con-
tents and applications to irrigation in
crop culture. Acta Hort. 304 : 345—
351.

Namken, L. N., J. F. Bartholic and J. R.
Runkles. 1969. Monitoring cotton plant
stem radius as an indication of water
stress. Agron. J. 61 . 891—893.

Schoch, P. G, J. C. L'H tel, P. Daupl
and G. Conus et M. J. Fabre. 1989,
Microvariations de diam tre de tige pour
le pilotage de lirrigation. Agronomie 9 :
137—142.

Schoch, P. G.,, J. C. L’H tel et B. Bru-
nel. 1990. Croissance du diametre de la
tige de tomate . Errets du rayonnement
et de la temperature nocturne. Agric.
and For. Meteor. 50 : 229—238.

Schoch, P. G., N. Katerji, P. Rimgoto,
M. Tchamitchian, P. Malet. J. C. L'Hotel
and M. C. Daunay. 1987. Influence du
niveau d’alimentation hydrique sur les
variations du diametre des tiges, du

potentiel hydrique, de la resistance
stomatique, de la transpiration et de la
photosynthese de I'aubergine(Solanum
melangena L.). Agric. and For. Meteor.
40 : 89—104.

Simonneau, T., R. Habib, J. P. Goutouly
and J. G. Huguet. 1993. Diurnal changes
in stem diameter depend upon variations
in water content . Direct evidence in
peach trees. J. Exp. Bot. 44(260) : 615

—621.



