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RE-EBRERAFT.RAZRLEMNIREXBRME S W B, LU F (Solanum melongena , & F 37 & ¥ & 70 ) A0 247 T H B
EERMBL(EKEKRE SEYERKIREKXRZBRTR, SEARMNFLEERMTEERRE LW EY KRR
BRKE, SRMPRRBHRATREE (LRI BEAEYAFAETHER) B X AT, £ 8K 5 T R4 315 H [
7k B 1Y) 80% FC(Field water capacity), 70% FC, 60%FC # 50% FC; A B M BB AR LR A Rl HHF 4x3=12 Mb
BAS EH3IR, FRRV - IRRERAG LI ES KERERBLESKBELAHT EFFHXSE HTFTEEERREEL X
g, % WRERS K, EXMMELSISSHEBEANKIREETHEX, AR LESKERGTHEEKENE
EFEREER. BKOKGT MEXWEEE/D, ERENREKSIRGT HEEREEERNKIELIE, XERT
XA FRKKEZ(VPD)KIW R R BR, —_H#EEHXXRA  HXRZB R X 0.8938, ZXHRTHE (ASd) 50Kk H
() HHHMEKB(LRWCOBRBEFEMAEXLR MERB R 25X 0.867 M0.965, XBERE R, LHETHERER
B ST R U BRI K SR S HEEY K S L W B (KB R Sk B ARBOIRER ST, 2
HEEWMEAERTEAGEE BT LR EEZ BN ESHERNEE.
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The relationship between the change of stem diameter and plant water content of

eggplants: an experimental study

MENG Zhao-Jiang'?, DUAN Ai-Wang"'* , LIU Zu-Gui', ZHANG Ji-Yang', BIAN Xin-Ming’ (1. Farmland Irigation Research
Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453003, China; 2. Agricultural College, Nanjing Agricultural University, Nanjing 210095,
China) . Acta Ecologica Sinica ,2006,26(8) :2516 ~ 2522.

Abstract: A simple nondestructive method to continuously measure plant water content has long been sought in the study of both
soil-water-plant relations and the impact of environment on plant growth. A number of methods have been proposed to measure
plant water content, and most of these require indirect measurement of other variables, such as leaf water potential and/or leaf
water content, to infer plant water content. These methods are destructive, consuming plant tissue and providing only intermittent
and localized measurements. In practice, a non-destructive, frequent measure of water content of a whole plant is needed. One
way to quantify the water content of a whole plant is to measure the change of stem diameter, which has proven successful for fruit
trees. In this paper we experimentally investigate the responsive change of stem diameter of the eggplant to plant water content and

soil moisture in a greenhouse .
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The experiment was conducted at Xinxiang, Henan Province, China (latitude 35.19° N) in a greenhouse of 40 m long and
8.5 m wide. It is a sub-humid area, susceptible to drought. Eggplants ( Solanum melongena) were cultivated in pots and a small
plot respectively, both in the greenhouse. The soil property in the pots and the plot are: organic matter 18.85g/kg, total-N 1.10g/
kg, total-P 2.22g/kg, available-N 15.61mg/kg, available-P 72.0mg/kg, available-K, 0 101mg/kg, soil bulk density 1.38kg/
em’, and a field water capacity of 249% . The experiment was designed using a two-factor randomized-block method by taking soil
moisture content and growing stages as variables. The soil moisture content was controlled at 80% , 70% , 60% and 50% of the
field water capacity, and growing stages that were chosen were seedling, flowering and fruit-forming, and harvesting stages; each
treatment having three replicates. The pots were weighed and watered daily to minimize soil moisture change, and the soil water
content of the small plot was monitored using Time Domain Reflectrometry and drying-weight method respeétively at five-day
intervals. The change of stem diameter was measured continuously using a stem diameter sensor ( DD-type) linked to a date
logger. The measurement started when the stem diameter was large enough to hold the stem diameter sensor. The sensor was
attached to the stem of each plant approximatelyl0-15 cm above the soil surface, and the measurements were taken automatically
at an interval of either 10 min or 30 min. The data stored in the data logger was downloaded to a microcomputer after three or five
days. The leaf water potential was measured at hourly intervals with a pressure chamber (ZLZ-4) , each measurement was taken on
two leaves. The leaf relative water content was measured with the weighing method. Transpiration rate and stomatal conductance
were measured by a Portable Photosynthesis System ( CIRAS-1 type) . All the measurements were made simultaneously at sunny
days from 08:00 to 18:00 to minimize the diurnal variations. Air temperature, relative air humidity, net solar radiation and other
atmospheric factors were taken from a standard meteorological station installed in the greenhouse during the growing season from
2002 to 2004 .

The results showed that on all sunny days the stem diameters shrank in the daytime and returned to their original size at
nights, regardless of plant water content. The degree of shrinking and swelling of the stem diameter was closely related to plant
water content and soil moisture content. Results from the small-plot experiment indicated that the change of stem diameter was
positively related to vapor pressure deficit in the greenhouse with a correlation coefficient of 0.8938. The diurnal change of stem
diameter was closely related to the diurnal change of leaf water potential and relative leaf water content with correlation coefficients
0.867 and 0.965 respectively (p =0.01) . These results suggest that the change of stem diameter can be seen as an indicator of
plant water content and hence be used as a simple non-destructive method to continuously measure plant water content.

Key words: plant water content diagnosis; micro-changes of stem diameter; eggplant ( Solanum melongena)
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1.1 ABRHE5RIT

KT 2002 FEE 2004 FEPTERIB%EAHERARTERRARS | SHXBZPH#T. BEK
40m, F 8.5m, MHE X 40m x 7m (280m’), MERFAEM, LR, SHERZMABE 15n, ERERH., BEL
HRZHHEIZEZESRES BEHNREMNEEE ., LU T (Solanum melongena ) } iR 4K, LU &R
REIE,NMEAEIH, ZRARRARZIBETEE, BAEHET L 10k, HE 1. 1kg/em’, K4
S5em BRWSEE, LAWTTRE L BBESTREF KIS KHF. AHFIEHBERKSIEREN HIEIRLG, ZW
MEEBEZRN 3em WHEH THKEAERBEE NI UFERLHOE),

FAZHE(LBKGBEMREATHER) IR AT, THFARAETWH B (EH L2 Rik)
BRAFRTEEBERE R, B /KEEH T R4 5B HE R 7K & 8 80% FC(Field water capacity) ,70% FC,
60%FC #1 50% FC; NEAIAE T BV GERPIFRBH ;X F 4x3 =12 MEHEASF  EE 3R RABR TR
V(R KFRE 60kg, M B Sg) FRERUK B FEEES K, BREIMRAEBNRM—KK, RBLHAEE 42 1,

HTHEBMTEERE-NTRABRPHEAIEERES +EBKFEANXR, FRTELHERAK 8 2,
Hiy 4 ZHEMERZERTHERSE, FM4ZHATHRENE HESKERANE, AXHAILRZEBH
HWRELIRTEHEREAR,RIEHBEKSHEFEHEGEBIIE, AR TR S SRR KRE b
K BEF—7%, LU AT 4 340 %35 7K & (Relative soil water content, 485 % RWC) YEH 100% , T 3k 18 e A
THASER EEILHEZBT T, BRE BMARERBHRKE; H HBHEMFKEUR B FHEN
o Uit HHAIKBZB TR, SIATHKESBEEES , EFEKEHEFKE EH—-T
BEAH. EKEEFRILRE B#IT T TEEAMHKLHE,

BE/NXRK L+ HEAPE L #)ZE HEE VLR 18.85g/kg, & N 1.10g/kg, & P 2.22g/kg, H A N 15.61mg/
kg, #RL P 72.00mg/kg, #5 K 101 mg/kg; 3R A E 1.38kg/cm’ , HE KR 24% (5T +E%), B/PNXKFE Im,
K 1.2m, WATFAE , 4786 0.60m, ¥R BE 0.40m, H/NX 6 #k, FEE I 0.60m [H G, @ FRINICH, &5/ XN
BUBHARE, UK ME, BITEYRER-FHEST, BRESKEMRR, ABRLBRT 52848
M, 'R 3,336 N/NX . R AIETEUR S (TDR) 850 F1 B + Bt T 2 ) + 438K 43, + 3B iR EH B R E
B 60cm, 7R LUE 24 100em; 5 5d W E 1 K 38K 4 AR T+ 8Kk o326 T PR et 8K, gtk X o4
L KKRITE.
1.2 KWW E 575 %k

AEEFZEZHRTHEFRS (DD-B, WS E 2um) 55 E B 31 R £ % (DL2e Data Logger) BEHF S E
HRIEGZMMETREN(ASD) ., ERBLENME R T VAN EAHKEER 10 ~ 15em 461, £z
W 78 FEAE MR ZEFE L3R 60 ~ 65cm T AL ; $AIE B s R K 21X E NS 10min 38 30min it X —RKEE\,. BHEFWHH
FiOARR TR —KEE; T —OEW 3~5 8k, THANR AT R S B[R] A ZE AR5 556/ 14 2R
K F Z1LZ-4 BIAE YK 53 R BL I 5E A 5 ZE AR R AL W W [R] 25 W 8 v K e (¢, ), A MR B30 AR P& 1 Bk BR
SEBME R AMRERMNEN R &KE(RWC) ; FRAKRES(Z#) TDR(AH L H O MR+ S F X RE)
WE+EEKBE(SWC); RASKE PP System 2Bl A CIRAS-1 BHERX X EGEANERZNE G HE
(Pn) ZEBHEE(TH)MIILFE(GCs); W CO, HKE B CO, /NN Hl7E 360mg/kg, BB REHFHAL
JEUR LED 24,12 & K 1500mmol/ (m’ - s); RE/NEHE F(ZKBE BF YEZEE KMAEH)NLE
EREANNENIRMGKRE,
2 BREHSH
2.1 —NTFEREAHPEFREAE

1R, E— N TEEANFHFEEECHEAE 24h EHEEWRAPEL, ARIFHEE, ERE D,
BErARREREEK, ETRAMKNENEEREBE RSCE KN, HEE 3K 00 AR, ZE
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HERAZEERBSENKEB/DEZEIL, S BKIEMES0%FC~60%FC B ,ZEHEREBHAMK, £H
EHAZTLRE B R K R B A BRI B KRB
2.2 AEXRBEAHTZHEARHE/A=

1.5
KMSER A FRXORETOEREEE g ]i0]
GEEWBNES (H2), EHX(E2), ZHRE X s | V\’V\f\/\/\/\r
PEBRARGH 2 ORESTRETOERNE B, |
b ERRERR LS K RPERME LI ARESE  Hhoo|
O 0 (OSSN N N S —

T HTFEERBEREGRXWSE B8 . KEEFEKE 37 23 24 25 28 27 25 25 30 o1

P, T EL 53X P 328 4k 30 78 5 4B R 44 P X K 40 R 0 9 U0 A H A Date

XK, AR T HEKBEFGTHKEKREVWBEFEN B ATHLNAS B EE B

BER, BKIRET  AREVEBEE D, LIFGES Fig. 1 Stem diameter changes in eggplant following changes in soil

B AEKK A & EBEWEBE R, IKEREIZE, H moistwre content

BREERNBEXEHHERR 6:00~8:00,F)5 , L KFHESNWER, @A RBIERMR, HKET
R, 40 B B I PR AR, A BR ZEAF R WL4E ,14:00 ~ 15:00 EH B B /D, Z)a  EERHBRE s SMWAE N
5, ABERZHE/, K BIKE, ERAA T KK, EF 2 XKARZERKREIE LR, AXREERTL
R/N(HE 2b) , MEREAF 251,

[ 5]
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Bf1H] Time B 1] Time

B2 FRXSEFTHTEEREL

Fig.2 Stem diameter changes in eggplant day and night under different weather condition

2.3 ERASHBKSREHER

YRR TR RO RN & KE 1.20 [
HAKZE HREKE ZBEERREERELERSR
B, HATRLFKMBEIHEEERULEE K

e =
g 8
T

FIRHIS &K R (%)
Relative soil water content

0.60 |-
e [ B 40 1 K SR L B T R e B R ) RS R o odo - 2 o
KR L B RS KB KSR+ S A% 020
BEEZRBR, NG —IREMRAAXNSKE (L5 HIE 00 o3 050 075 100 125 150
HARMENR) . RBHSRE, —RIELT 9+ Maximum auly Shage s S Qe o cggpan

BHMEKEN 0%FC BT HRE, TEHEK; H%F
50%BT HER B EXMEY EFERM ™Y
LIKF] 70% ~80%FC B i@ B K4 {5l , #id 90% FC
Rkt , HEERH B AW R (Maximum daily shrinkage, 255 MDS, X4 HiE R 6:00 ZEHEMMES H
BE/NEHERMEMNEZ EZ)5 AN 5 7K 8 (Relative soil water content, 485 RSWC) HITH ¥, BB —_&HH
HEARAFBRA(E3) ERER_EAARBEELMMAXRR ELT 0.0l KFHEEHKREK., WHAZESE
LB e R B + 3R & KB ML, JE T R BB K R0 . 48 © 7 BF 588 8 B [G) K 20 8 2 B % i 9 + 3

B3 ZEZBBANFRS IR KBHLER
Fig.3 Relationship between MDS and RSWC
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HX A A RBEARALRR, KRB S X LR 1 AHFERSTLLEERAS QLR HST
{ti/zxﬂg?ﬁ;%ﬂ(ﬁ%agwﬁﬁim{a(%l)o izﬂ:h?*é‘ﬁ Table 1 Indices for diagnosing crop water status from changes in stem

- 3 - diameter for eggplant
PSRN R A R, B A0 R S 3 B R T TP e

%%j’g‘ *7_]‘; ° Crop water status RSWC(%FC) 45 B MDS(mm)
2.4 FISHETFXEERTALKN Y HFE A Severe stress 40 ~ 50 1.92~1.64
. . B , F A Middle stress 50 ~ 60 1.64~1.37
FRiFEHEEBER—FE EPEXERTURZS A Light stress 60 ~ 70 1.37~1.09
SHT LMANSAEHROE AW, SHRE  EEAD Volrwe waer 7050 10502

HEHRAUSE MDS ERRKER EBRTHRER
RIE . MFER VA H LK Penman Z 8 HE it
BAXERSBKEHT BHAEHIKREEZR
HmABRPRER, BUYRSMKRAE TR T
ZHEWSEE MDS 5SIRENHEBAHITHRIN,

MDS =0.4546VPD + 0.0683
R?=0.8938

=N
[V~
c o

<
[
(=]

0 el 1 1 1 1 1 | | |
0 05 1.0 1520 25 30 35 40 45

HHBRBAL (mm)
Changes in stem diameter
8

BB HHLBEMK. KTREEREMATHF WHAMUE R (cPa)
AR |§] . Vapour pressure dificit
MREMFEERKSER(MDS) 5RAKKE W4 BEHFEHBKER MDS 5 VPD B %57

*x (VPD )j& ﬁ *ﬁ % 5}.*)‘1’- , % - %% Eﬁ - %— B 2 4% B % *ﬁ Fig.4 Relationship between Maximum daily shrinkage in stem diameter for
RXF(E 4). BHIZER T KM FAEYZ R LR orem o 0D in geebon

VPD {8785 AN L 45 51 A SRR £ -f
2.5 EHBESREKMNERIS RN LR s of
2.5.1 HEBREAASHEHKHE(g)HERE H TEoop
S R, A5 (EEAL S RBHM M, RREH oab
= -18 . Ll

EHEMEAR, ARTEHZRERE) SHKE(Y,)

1 { L | ]
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

ZREARRHMIEMIRR, HEXRHE R=0.867, 8 R
FKF p-0.0l, HAHHARERELEKRMEMAS  £517F
WL B — R X RRHE BB QR 5550
A SRBL. €g 130
2.5.2 EHATM(ASD) AR & K B (LRWC) -
B%FE P 6 BRHR AS 55 H AR & kB (LR- i A 0 00 18100 2000

WOYRIXFR., EWFEH, Sd 5 A& KE (LR-
WC)ZHRIERITHIEMHEEXLR , HEXES R =0.965,

Bs ZFHEER(ASDSHKE (g )HRER

Fig.5 The relationship between changes in stem diameter and leaf water

2EKF p=0.01, potential

253 ZHBRER(ASOEEBEFR(THNXER 200 e sd q100
EHREEL (ASD) SAMESR (THMERLEE ¢ ljﬁéiwm gt
G EEEAKS I FCLBMA & KR 0% ~80%  Eg 2| 1% 2
FOLERFRA, ERETRAMF LI E B2 om| 1o &
KB 0%FC), FIH 2 REIM% (B Ta) MXEH T 200] 105 E2
R=-0.816, 2% KF p=0.01,B) & MEH Tr 34 - %6600 1000 1400 1800 O

Kt EEHEWHE, Y Tr IR, ZAERK, £E O S at ] Messuring e 0
BT RACET (LA & KR 50%FC), &S

EIEARXR(E 7b) X RE R =0.887, BEKF p=
0.01, B0 7Tr KT, 25 SRR R SR AL IR, Tr FRAR AT,

Be ZHRZEM(ASH)SHAHEXNEFKRLRWC)KXF
Fig.6 The relationship between changes in stem diameter and leaf relative

water content
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ZHREWSE ., IMEROXREFE-SRBEIE,

—t— Sq —e— Tr

5 098 - 190 ~ 5 1.00 ~500 -
Ag oy 7 80 """n Ag _.\\h‘—\*__‘ :;n
EE 097 470 2 ES080 1400 Eg
ES 096 Jeo =& ES L o
SE 0% 1% E'S RE 060 -3.00 ég
B ool 140 = @2 040 b 1200 22
4%5 094 | —3.o§§g s L : ;;g@
WE 09 4 729 g 20201 4100 @

5 83; C 1 L I ! I 1 | 0' i3 5 0 L L I I 1 L L L "

08:00 10:00 13:00 15:00 08:00  10:00  13:00  15:00
09:00 11:00 14:00 17:00 09:00  11:00 1400  17:00
M B ] Measurement time M & B} Measurement time

B7 MTETH(SHEEBER(THHXER

Fig.7 Relationship between stem diameter changes and transpiration rate

2.5.4 ZHZRZH(ASHESILFE(GIMRXFE ZEBRLTH(ASHERILSHE(GIMERMEERTL
(ASd)SAEBER(THM X AN, EEEKDFHT (LEHEXE/KE 70%FC~80%FC), & XA AL K,
ERETFRERMT(LEMMEKE0%FC) HEREEEAMX HXREAH R= -0.884, EF/KF p=0.01,
BIMSILFE 6 AR, LXHBWL, Y 6 BRI  ZHEREK. EEFTEAHT (LS /KE 50%
FC) MERBETMIX, MHEXA R=0.803, BE/KF p=0.01,80Y G 6 Kt , EHBEKREIE, 6s BRI
BfL,EHZWH ., SMERNXRBERH#H—-PRABRIE,

3 g

EEYH KB RBEL R EYERNGKSTREE -TEBENEHNIER. FRARAREREN, L
RESS LIRS KENERM LIRS KELAT EEFOXKE i TEHEEORKSE, F% KEEH
SR, T X R s S SRR N K R E I, B IR B X ERA (K ek gs )2 i
TR R B KRG . A s o REE T8 MERA SHE TR, BN HERRIF T L
W B 310 R B E YK 43 i k.

ARBFEMHTEEN THEAEZERTASEED KSR BILIEIRRE, 18 MDS B{E X 4 U1 H (6] 3%
BPRAFRAE MEEZWEEZTHAWEERE, EN LB SBECKESESN R KIKEZ vPD)E R
BHETF EVME BEM EAFTNB S S XHMEXNSEEYAESEREF, Hit, MDS AEH S
YERZWTEAS , R [A A F R Z AP e X BRI B 4 K & (Daily growth, DG) %4 H 5¢ & K JF B & it
IEJ(Recoven'ng time, RT)%,tﬁ%gﬁﬁﬁﬁé’jx*{k'—?%iﬁ[ﬁ%3@%9@%%1@%&&@o

RIS M R BFE R — KA R T ED AR R LR A EAMRIR A B d THREMEE
KEEMHENA B BFEEXEAEENES S B, B EWK S RE SRR, 3T X F bk iE
TRUERBEREACETERFEH S RBRHR.

XFRBHEKEXERTSHEDIENKPRENRETFR, ENRETHED, HR ISR M
BEFEHHREBELSMRENR,IFEREERFRAVR, X HREKK SR N TERZEIEH , A
FAREHETEXHETESEYKINXEREHENRE, XHEREAEERNREEY LR AHS R EY R
FAE R ARIKSZMAETRHEEZRD AN G, ZEREL % BN ED K0S B B sat |, X HRZ
A Ak bk 18] 28 57 M AR HE AL AL 3B O ik, TERC AR 7 B PRI R B 25 A K RO K 431 I BE ) 5 o R HL AR IE T s
BT ZHEREMESHEKTECH A ENHEXRS, SRTSHAXERR B REARIEYREXER
AL W T K AR BL A 8 bR ik R AN B R AE AR S

References:

[ 1] Kuriowa K R Yoshino, Takahashi G. Daily growth curve of “Paulownia” Il . Variation in the Growing Season. J. Japan Forest. Soc, 1958.


http://www.cqvip.com

.0 0 0 http://www.cqvip.com|

2522 £ X ¥ # 26 %

[2] Namken L N, Bartholic ] F, Runkles J R. Monitoring cotton plant stem radius as indication of water stress. Agronomy Journal, 1969, 61: 891 ~ 893.

[ 31 Splinter W E. Electronic micrometer continuously monitors plant stem diameter. Agricultural Engineering, 1969, 50: 220 ~ 221.

[4] Holmes ] W, Shim S Y. Diurnal changes in stem diameter of Canary Island pine trees caused by soil water stress and varying microclimate . Journal of
Experimental Botany, 1968, 19: 219 ~ 232.

[ 5] Kozowski T T. Diurnal variations in stem diameters of small trees. Botanical Gazette, 1967, 128: 60 ~ 68.

[6] Winget C H. Diurnal and seasonal variation in radii of tree stems. Ecology,1964, 45: 149 ~ 155.

[7] Worrall J. A method of correcting dendrometer es of tree di for variations induced by moisture stress change. Forest Science, 1966, 12: 427

~429.

[ 81 Molz FJ, Kleper B.Radial propogation of water potential in stems. Agronomy Journal, 1972,64: 469 ~ 473

[ 9] Huck M G, Klepper B. Water relation of Cotton I . Continuous estimates of plant water potential from stem diameter measurements. Agronomy Journal ,
1977, 69: 593 ~ 597.

[10] Kleppet B, Browning V D, Taylor H M. Stem diameter in relation to plant water status. Plant Physiology, 1971, 48: 683 ~ 685.

[11] Parlange J Y, Turner N C, Waggoner P E. Water uptake, diameter change and non -linear diffusion in tree stems. Plant Physiology, 1975, 55: 247 ~ 250.

[12] Klepper. On the mechanism of water-stress-induced stem deformation. Agronomy Journal, 1973, 65: 304 ~ 306.

(13] Stansell J R, Betty Klepper, Browning V D, Taylor H M. Plant water status in relation to clouds. Agronomy Journal, 1973, 65: 677 ~ 678.

[14] Kramer P J. Water relations of plants. New York : Academic press, 1983. 489.

[15] Lee Byun-woo, Shin J H. Optimal irrigation management system of greenhouse tomato based on stem diameter and transpiration monitoring. Agric Info Tech
in Asia and Oceania, 1998, 87 ~ 90.

[16] Kamal G Yatapanage, Hwat Bing So. The relationship between leaf water potential and stem diameter in sorghum. Agronomy Journal, 2001, 93, 1341 ~
1343.

[17] Fereres E, Goldhamer D A.Suitability of stem diameter variations and water potential as indicators for irrigation scheduling of almond trees. The Journal of
Horticultural Science and Biotechnology, 2003, 78: 139 ~ 144.

[18] YuK S,Li S H,Meng Z Q.Stem diameter microvariations of four different fruit trees under water stress. Journal of Fruit Science, 1999, 16(2):86 ~91.

[19] Li S H,Huguer ] G. Microvariations in the plant organs and irrigation scheduling automation used in fruit trees. Journal of Fruit Science, 1993, 10:15 ~

19.

$ %30

(18] RFEMW,ZEHE, EHE, S KIPERHFTILHERZETHRMEAARNDR RAFFE,1999,16(2):86 ~ 1.
[19] Z44% Huguer ] G Y BEEBRMEALERM ASHER RRF¥,1993, 1008 ) 15~ 19.


http://www.cqvip.com

