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CYTOYHBIE KOJIEBAHUSA TUAMETPA CTEBJISA TOMATA
KAK KPUTEPUI YIIPABJEHUSA MMOJIUBOM

) Ycoabuen C.®., Poi6akos P.B., Hectsik I.B., ['onuapenko 10.B.

Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
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Paccmotpen mporiece CyTOYHOTO M3MEHEHHSI AuameTpa cTelns ToMara ¢ Heliblo 000CHOBaHHUS
WCTIONIb30BAHMA TOTO TTapaMeTpa JIIs YIIpaBlIeHHUs KarmeIbHbIM opoiieHreM. i3MeHeHre pa3mepoB
OT/EJBHBIX YacTell pacTeHU 3aBUCUT OT 00eCIIeueH sl TPOLYKIIMOHHOTO MPOLEcca BOJOH, CBETOM,
TETJIOM M 3JIeMEHTaMu nuTanus. [1o3ToMy Takue mapaMmeTpbl pacTeHHH, Kak TeMIleparypa JHCThEB,
CKOPOCTh TMOTOKA KCHIJIEMBI, THAMETP TUIOAA M CTEOINs, MOTYT OBITh MHIWKATOPaMU HAJMYWs He-
o0xonuMbIX pecypcoB. VccnenoBanus nposeaeHsl B HoBocnbupcekoii 06mact B MIOHE — CEHTSIOpe
2020 r. B kauecTBe MHAMKATOpa BOAHOTO CTpecca PACTEeHMH MCIOIb30BaHA BEIMYMHA TUAla30Ha
CYTOYHBIX KOJICOaHM TrameTpa cTeOisl, KOTopas NMeeT TECHYIO CBSI3b C OTHOCHTEIEHOM BIIaXKHO-
CTBIO MOYBBHI. VICTOUHMKOM MH(OPMALKU MOCTYKHIN PE3YAbTaThl N3MEPEHHUH BIAXKHOCTH TTOYBBI
U TIPUpPOCTa TuaMeTpa cTeliist Tomara. DKCIIEPUMEHTHI 0 OLIEHKE BIMSHHS BOIHOTO jAeduiuTa Ha
rapaMeTpsl CTeOs MPOBOIMIIN Ha PACTEHNUH, BRICAXKEHHOM B OTKPBITHIA TPYHT OTAEIHHO OT OCTalb-
HBIX. YCIIOBHS MCKYCCTBEHHOI'O BOJHOT'O CTpecca CO3JaBajii IyTeM IOJUBa OAWH pa3 B HEAEINIO.
COOop JaHHBIX OCYIIECTBJISUIN C IMOMOIIBI0 (pUTOMOHUTOpPa PM-112, 1aTUMKOB BIQXXHOCTH IOYBBI
" AraMeTpa pocrta cTedist. Pe3ynbraTsl m3amMepeHuiit oopadarsiBanu B mporpamme Microsoft Office
Excel. YcranoBneHo, 4To quana3oH CyTOUHBIX KOJIOaHUH MpUpOCTa JHaMeTpa CTeOs 3aBUCHT OT
Hanuuus Biary. [Ipu BnaxkHoctu noussl Hike 30% pacTeHUe HCIBITBIBACT BOAHBINA CTPECC U AMaIa-
30H KOJIeOAHWH quamMeTpa cTeOs yBennauBaeTcsl. MakCHMaIbHBIA pOCT AHaMeTpa cTeOss Habro-
naicst B 7-10 4, munumanbablii — B 13—15 u mectHOTrO BpeMeHu. PazHuna Mexay MakCUMyMOM U
MHUHHMYMOM CYTOYHOTO MIPUPOCTa TUaMeTpa cTeOlist XapaKTepru3yeT AUana3oH CyTOYHOW Pa3HHUIIbI
IraMeTpa CTeOmsl, KOTOPBIH TECHO KOPPENHPYET ¢ BIAKHOCTHIO TOYBBL. Koaddumment xoppens-
Uy Mexkay HUMH coctasiseT 0,72. [IpenenbHoe 3HaueHHE CyTOUHON pa3HULIBI AUAMETPOB CTEOIeH
cocrasisier 0,025 MM npu Binaxknoctu 1ouBbl 30%. [IpeBbimenne GpakTuueckoro 3HaYCHHUS ITOTO
rapaMeTpa TpaHUIHOTO 3HAYEeHUS MOXKET CIY)KUTh CUTHAJIOM K BKITFOUEHHIO CHCTEMBI OPOIICHUS.
Peanuzanust jaHHOTO MOIXO0Ja AaeT BOZMOKHOCTH aBTOMAaTH3MPOBAaTh TEXHOJOTHUECKUH Mpolecce
MOJIMBA M YUECTh [T0Ka3aTellb, CHTHAIM3UPYIOIINH O BOIHOM CTpECcce PacTCHUSI.

KaioueBbie cioBa: mpoayKIMOHHEIH MTpoliece, TuaMeTp cTeOsi, BOMHBII cTpecc, GUTOMOHHUTO-
PVHT, IaTYUK, TTOJHB
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The process of daily variation in tomato stem diameter is examined in order to justify the use
of this parameter to control drip irrigation. Changes in the size of individual plant parts depend
on the provision of water, light, heat and nutrients to the production process. Therefore, such
plant parameters as leaf temperature, xylem flow rate, fruit and stem diameter can be indicators of
availability of necessary resources. The research was carried out in Novosibirsk region in June -
September 2020. The value of the range of daily variations in stem diameter, which has a close
relationship to relative soil moisture, was used as an indicator of plant water stress. The source of
the information is the results of measurements of soil moisture and stem diameter growth of tomato.
Experiments to assess the effect of water deficit on stem parameters were carried out on a plant set
out in the open ground separately from the rest. Artificial water stress conditions were created by
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watering once a week. Data were collected using a PM-11z phytomonitor, soil moisture and stem
diameter growth sensors. The results of measurements were processed in Microsoft Office Excel
program. It was found that the range of daily fluctuations of stem diameter growth depends on
moisture availability. When soil moisture is below 30%, the plant experiences water stress and the
range of stem diameter fluctuations increases. The maximum growth in stem diameter was observed
at 7-10 a.m. and the minimum at 13-15 p.m. local time. The difference between the maximum and
minimum of the daily stem diameter increase characterizes the range of the daily stem diameter
difference, which correlates closely with soil moisture. The correlation coefficient between them
is 0.72. The limit for the daily stem diameter difference is 0.025 mm at 30% soil moisture. If the
actual value of this parameter exceeds the limit value, the irrigation system can be activated. The
implementation of this approach makes it possible to automate the irrigation process and to take into

account the indicator that signals water stress of the plant.
Keywords: production process, stem diameter, water stress, phytomonitoring, sensor, irrigation
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INTRODUCTION

The productivity of agricultural plants is the
result of a complex of natural processes that de-
pend on the habitat. Negative effects of these
influences are compensated by technological
processes. The efficiency of cultivation de-
pends on the correct and timely execution of all
technological operations for crop cultivation.
Currently, most research is focused on the ap-
plication of high-tech controls for production
processes and individual operations [1-3].

The basis for deciding whether or not to
carry out a technological operation is informa-
tion obtained by observing natural processes,
the experience and intuition of plant specialists.
The right choice of technological operation and
its timing depends largely on the human factor.
Reducing this dependence is one of the chal-
lenges that cannot be met without the digitali-
zation of crop technology.

According to the laws of farming, the maxi-
mum Yyield can be obtained when all crop con-
ditions are optimally combined. The limiting
factor when growing tomatoes in Siberian con-
ditions is heat. Application of cultivation facili-
ties during the whole period of vegetation in-
creases the air temperature in the zone of plant

growth, so the next limiting factor is moisture
supply [4-6]. Consequently, the timing of irri-
gation is an important condition for obtaining
high yields of tomatoes.

The purpose of the study is to justify the
choice of the parameter of daily variation of the
tomato stem diameter as a criterion for assess-
ing the necessity of performing the technologi-
cal process of irrigation.

MATERIAL AND METHODS

The plant production process consists of
photosynthesis and processes of organic matter
transfer from leaves to other organs by xylem
fluxes. The specificity of ecological and physi-
ological studies is that the plant is considered as
a single organism, the vital functions of which
are closely interrelated and are implemented
in constant interaction with changing environ-
mental factors [7, 8]. Changes in the size of
plant parts such as the stem and fruit depend
on the provision of the production process with
water, light, heat and nutrients. Such plant pa-
rameters as leaf temperature, xylem flux rate,
fruit and stem diameter can be indicators of the
availability of the necessary resources in the
production process [9-11].
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Daily variation measures in the stem diam-
eter is an important indicator of water availabil-
ity. Many factors influence the water require-
ments of plants: soil, climatic, physiological
parameters of plants. Complex consideration
of such parameters in the mathematical mod-
el allows solving the problem of operational
control of drip irrigation systems [12-14]. The
boundary conditions of the necessity of the ir-
rigation operation are required to be determine
for practical use of these parameters. The set
problems are solved experimentally by measur-
ing the increment of stem diameter of tomato
at change of humidity of soil. The experiment
was conducted in the Novosibirsk region from
June 16 to September 10, 2020. A plant planted
in the open ground separately from the others
was used to assess the effect of water stress on
stem parameters. Conditions of artificial water
stress were created by watering once a week.
The use of special modern phytomonitor sys-
tems and equipment (photosynthesis monitor
RTM-48A and phytomonitor PM-11z [15] to
study the variability and diversity of changes
in the characteristics of CO2-gas exchange in
response to environmental changes) allowed us
to identify the optimal and threshold values of
abiotic factors limiting the growth and develop-
ment of plants [16].

An SMTE-3z soil sensor was placed in the
rooting zone of the plant at a depth of 10-20
cm. It measured the temperature, humidity and
electrical conductivity of the soil. The stem di-
ameter growth sensor SD-5z was installed on
the lower part of the stem to record the change
in stem size relative to its diameter at the time
of installation. The resolution was at least 0.002
mm. The fruit diameter sensor measured the ac-
tual fruit diameter. The resolution was at least
0.04 mm.

The sensor signals are transmitted via the
radio module to the phytomonitor, stored in its
memory and used for further computer process-
ing. The interval for collecting sensor informa-
tion is 15 minutes. The complex operates con-
tinuously throughout the vegetation period.

A DWS-11z weather station was used to
measure environmental characteristics, and
phytomonitoring sensors were used for plant
and habitat characteristics (see Figure 1).

RESULTS AND DISCUSSION

The results of measurements of fruit diam-
eter, stem growth and soil moisture are shown
graphically in Figure 2. The graph shows that
the limit value for soil moisture under the con-
ditions of the experiment is a moisture content
of about 30%. But this parameter can signifi-
cantly depend on the mechanical composition
of the soil and its other properties. Therefore,
the reaction of the plant to changes in its mois-
ture content is the most reliable criterion for as-
sessing the need for the technological process
of irrigation.

The stem diameter growth curve has two ex-
tremes daily: a maximum in the morning and a
minimum in the afternoon. The maximum stem
diameter increase was observed at 7-10 h and
the minimum at 13-15 h local time. The dif-
ference between the maximum and minimum
(hereafter referred to as the stem diameter dif-
ference) is a characteristic of the range of daily

Puc. 1. [Tpubops! 1u1s1 ©I3MEPEHUS MTapaMeTPOB
pacTeHui ¥ BHEUTHEH Cpe/ibl OOUTaHUS:

1 — MOYBEHHBIN 1aTUUK, 2 — JATYUK IPUPOCTA JUa-
MeTpa cTedns, 3 — IaTduK AuameTpa Iioaa, 4 — paauo-
MOZyJIb

Fig. 1. Instruments for measuring the parameters
of plants and the external environment:

1 —soil sensor, 2 — stem diameter growth sensor,
3 — fruit diameter sensor, 4 — radio module
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variations in stem diameter, which is closely
correlated with soil moisture. The correlation
coefficient between the two is 0.72.

The dynamics of the soil moisture and stem
diameter difference is shown in Fig. 3. The
graph shows that there is an inversely propor-
tional relationship between the soil moisture
and the variation in stem diameter, as the varia-
tions occur in counter-phase. With a soil mois-
ture of 30% the swing of the stem diameter is
about 0.025 mm. Hence, it can be assumed that
a stem diameter difference greater than 0.025
mm is a sign of tomato water stress. Howev-
er, this assumption requires further testing and
clarification of the effect of the plant age and
other conditions.

CONCLUSION

An indicator of the presence of water stress
in tomatoes is the amount of daily variation in
stem diameter. The stem diameter difference,
i.e. the difference between the morning maxi-
mum and the daily minimum of stem diameter
growth, can be used as an indicator of plant wa-
ter stress to control irrigation systems in digital
tomato cultivation technology. According to the
results of the study, the limit value of the stem
diameter difference is 0.025 mm. Exceeding the
actual value of this limit value parameter can
serve as a signal to activate the irrigation sys-
tem.
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1 — BpeMs yTpeHHEro MakCUMyMa, 2 — BpeMsl THEBHOTO MUHIMYMa, 3 — 3HaU€HHE YyTPEHHEr0 MaKCUMyMa,
4 — 3HaYeHUe THEBHOI'O MUHUMYMAa, 5 — JOMYCTUMBIN MUHUMYM BJIQ)KHOCTH ITOYBHI

Fig. 2. Dynamics of changes in soil and plant parameters with a lack of moisture

1 — time of the morning maximum, 2 — time of the daytime minimum, 3 — value of the morning maximum,
4 — value of the daytime minimum, 5 — permissible minimum soil moisture
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Fig. 3. Dynamics of changes in soil moisture and the difference in stem diameter
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