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Abstract: In th is paper canopy temperatu re w as m easu red w ith an infrared thermom eter, a ir temperatu re, dry and w et2
bu lb temperatu re, and so il w ater con ten t w ere m easu red as w ell to estab lish the model fo r determ in ing the CW S I (crop

w ater stress index) of flow ering Ch inese cabbage. T he relat ionsh ip betw een canopy2air temperatu re difference and vapo r

p ressu re deficit w as determ ined. T he p relim inary model w as estab lished w ith regard to the influence of radiat ion in tensity.

A m icrocompu terized real2t im e data acqu isit ion system w as developed to mon ito r w ater2stress sta tu s fo r schedu ling

irrigat ion of vegetab les.
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1　 In troduction

　 T he occu rrence and ex ten t of drough t on crop
grow th is com p lex. It is affected by natu ra l andöo r
m an2m ade facto rs, such as w eather condit ion s,

hydro log ic reg im e, crop variety, p lan t ing dist ribu t i2
on, crop grow ing sta tu s, cu lt iva t ion system and
sm oo thness of the fina l land p repara t ion p rio r to
p lan t ing. T here are severa l indexes u sed in drough t
research, includ ing p recip ita t ion am oun t, so il w ater
con ten t and canopy tem pera tu re. To irriga te d ifferen t
crop s grow ing in the sam e filed, drough t indexes of
the crop itself (bu t no t so il o r w eather ) shou ld be
direct ly taken fo r irriga t ion schedu ling, since the
ob ject ive of irriga t ion is crop s.
　C rop canopy tem pera tu re is a sign if ican t index tha t
does no t on ly reflect the environm en ta l condit ion,

such as a ir tem pera tu re and hum idity, so la r rad ia t ion,

a ir circu la t ion, bu t a lso ind ica te the rela t ive sta te of
physio log ica l react ion of crop to w ater deficit.

D etect ing w ater deficit w ith canopy tem pera tu re can
be em p loyed qu ick ly and p recisely in la rge fields than
w ith sing le leaf tem pera tu re[ 1 ]. Ca i H uan jie et a l.

exam ined the rela t ion sh ip of w ater deficit and canopy
tem pera tu re in co t ton [ 2 ]. W ang J ihua et a l.

invest iga ted the rela t ion sh ip of spectra l reflectance and
canopy w ater con ten t w ith canopy tem pera tu re of
w in ter w heat and po in ted ou t tha t canopy tem pera tu re

p rovided a m o re reliab le m ethod fo r determ in ing the

crop canopy w ater con ten t [ 3 ]. T anner C B first app lied

non2con tact infra red therm om eters ( IR T s) to study

crop tem pera tu re in 1965[ 4 ]. A s the techno logy of

m easu ring tem pera tu re w ith IR T s develop rap id ly,

especia lly w hen the canopy tem pera tu re can be

rem o tely m on ito red in a ir (w ith a ircraft o r on h igh

tow ers) , it has been h igh ly regarded and gained b road

app lica t ion. T echno log ica l advances have m in ia tu rized

IR T s and reduced pow er requ irem en ts so tha t

inexpen sive self2pow ered un its a re now comm ercia lly

ava ilab le. Sad ler et a l. exam ined spa t ia l varia t ion in

w ater st ress of co rn w ith a linear array of 26 IR T s

m oun ted on a cen ter2p ivo t irriga t ion m ach ine [ 5 ]. T he

crop w ater st ress index (CW S I) , derived from canopy2
a ir tem pera tu re d ifference versu s the a ir vapo r

p ressu re deficit, w as found to be a valuab le too l fo r

m on ito ring and quan t ifying w ater st ress as w ell as fo r

irriga t ion schedu ling. A lderfasi et a l. developed a

baseline equat ion to ca lcu la te CW S I fo r m on ito ring

w ater sta tu s and fo r irriga t ion schedu ling in w heat [ 6 ].

W an ju ra et a l. stud ied the rela t ion sh ip of CW S I w ith

canopy tem pera tu re and air tem pera tu re of co rn and

co t ton under d ifferen t irriga t ion levels[ 7 ].

　U p to now , the research on crop w ater deficit bo th

in Ch ina and ab road have been m ain ly focu sed on field

crop s like co rn, co t ton, w heat etc. T he m ain ob ject ive

of th is w o rk w as to estab lish a m odel fo r determ in ing

CW S I of flow ering Ch inese cabbage u sing canopy

tem pera tu re fo r m on ito ring w ater deficit, w h ich has

no t been repo rted yet. A lso , a system fo r m on ito ring

drough t in vegetab les w as developed based on a

m icrocom pu ter.
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2 　 Establ ishm en t of m odel for determ in ing
CW SI

2. 1　Canopy-a ir tem pera ture d ifference m odel
　T he canopy2a ir tem pera tu re d ifference tca of crop has

an estab lished rela t ion sh ip w ith a ir vapo r p ressu re

deficit (V PD ) [ 6 ] , a s show n in equat ion (1) :

tca = tc - ta = a + bõV PD (1)

W here 　 tc —— canopy tem pera tu re, ℃; ta —— a ir

tem pera tu re, ℃; V PD ——a ir vapo r p ressu re deficit,

kPa; a and b are linear regression coefficien ts.

　V PD is ca lcu la ted as fo llow s, u sing dry2bu lb and

w et2bu lb tem pera tu res:

　 e′s = exp 18. 7509 -
4075. 16

236. 516 + ts
× 0. 13329 (2)

e = e′s - 0. 5 ( tg - ts) × 0. 13329 (3)

　es = exp 18. 7509 -
4075. 16

236. 516 + tg
× 0. 13329 (4)

V PD = es - e (5)

W here 　 tg —— dry2bu lb tem pera tu re of a ir, ℃;

ts —— w et2bu lb tem pera tu re of a ir, ℃; e′s ——
sa tu ra ted vapo r p ressu re a t ts, kPa; e ——vapo r part ia l

p ressu re, kPa; es —— sa tu ra ted vapo r p ressu re a t tg ,

kPa.

　A s show n in F ig. 1, the crop is under severe w ater

st ress w hen V PD = 0 and the canopy tem pera tu re

reaches the upper lim it tm ax , w h ile the crop is in

sufficien t w ater sta tu s w hen V PD = 6 kPa and the
canopy tem pera tu re is a t the low er lim it tm in

[ 8 ]. T he

m odel fo r derterm in ing CW S I is defined sim p ly as:

CW S I =
û tca - tm inû
tm ax - tm in

(6)

　T he value of CW S I varies from 0 to 1. CW S I = 0

show s the crop in sufficien t w ater sta te, w h ile CW S I

= 1 rep resen ts the crop under severe w ater st ress.

F ig. 1　T he relat ionsh ip betw een canopy2air temperatu re

difference and vapo r p ressu re deficit

2. 2　F ield tests
　F ield tests w ere conducted in the research farm at
Sou th Ch ina A gricu ltu ra l U n iversity from Jan. 15 to
Jan. 22, 2003. A rep resen ta t ive field b lock of 3 m ×8

m w as selected in the research farm p lan t ing of

flow ering Ch inese cabbage w h ich w as in the bud stage
of grow th fo r th is research. T he test b lock w as

divided in to 8 p lo ts in tw o row s. T he canopy

tem pera tu re w as m easu red from differen t d irect ion s in
the 8 p lo ts to a llevia te the influence of so la r rad ia t ion.

T here w ere abou t 20 clear and ra in less days befo re test

and the so il w as dry un t il Jan. 17. To change so il

w ater con ten t to m eet the research requ irem en ts, the
test f ield w as irriga ted on the afternoon of Jan. 17.

　 T he canopy tem pera tu re of flow ering Ch inese

cabbage w as m easu red in stan taneou sly u sing a

M ID 02L T IR T , as show n in F ig. 2. T he p robe
m oun ted on a fram e w h ich w as ad ju stab le to po in t

d iagonally acro ss the p lo ts. W et and dry2bu lb

tem pera tu res w ere reco rded w ith a m anual asp ira ted
p sych rom eter. T he am b ien t a ir tem pera tu re w as read

from a m ercu ry therm om eter.

F ig. 2　 Infrared thermom eter in field

　 T est da ta w as reco rded from 10: 00 a. m. to 4: 00

p. m. du ring the test period. A n average of

in stan taneou s read ings from 8 p lo ts w as ca lcu la ted.

E leven rep resen ta t ive group s of m ean data are g iven in

tab le 1.

2. 3　Establ ishm en t of CW SIm odel
　V PD and canopy2a ir tem pera tu re d ifference tca w ere
ca lcu la ted based on equat ion (2)～ (5) u sing data of

tab le 1, as show n in F ig. 3. A linear regression

equat ion w as determ ined (R 2 = 0. 8314) :

tca = - 1. 1144V PD - 0. 5445 (7)

F ig. 3　R egression equation of tca vs. V PD
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Table 1　Test da ta of f lower ing Ch inese cabbage ℃

D ata acquisit ion tim e W eather status
Canopy

temperature tc

A ir temperature
ta

D ry2bulb
temperature tg

W et2bulb
temperature ts

10: 30 on Jan. 15 H eavy dew , feeb le radiation 20. 0 21. 4 19. 2 17. 7

13: 10 on Jan. 15 C lear, in tense radiation 21. 3 24. 4 21. 5 19. 2

14: 30 on Jan. 15 C lear, in tense radiation 21. 3 24. 1 21. 5 19. 3

11: 30 on Jan. 16 C loudy, common radiation 20. 4 22. 0 19. 5 18. 1

14: 30 on Jan. 16 Partly cloudy, common radiation 22. 4 24. 5 22. 0 20. 4

13: 00 on Jan. 17 Partly cloudy, common radiation 24. 0 26. 4 22. 5 20. 8

14: 00 on Jan. 17 Partly cloudy, common radiation 24. 5 26. 6 22. 7 20. 9

12: 00 on Jan. 18 Partly cloudy, common radiation 22. 6 25. 6 22. 5 21. 9

14: 00 on Jan. 18 Partly cloudy, common radiation 22. 9 26. 1 22. 6 21. 9

14: 30 on Jan. 21 C loudy, feeb le radiation 22. 6 23. 6 21. 0 19. 9

13: 35 on Jan. 22 Partly cloudy, feeb le radiation 23. 8 25. 4 22. 3 21. 2

　 T he upper and low er lim its of canopy2a ir
tem pera tu re d ifference w ere ca lcu la ted u sing fo rm u la
(7) , tm ax = - 0. 5445℃, tm in = - 6. 1419℃. T he CW S I

m odel of flow ering Ch inese cabbage w as thu s

exp ressed as:

CW S I =
û tca + 6. 1419û

5. 5974
(8)

2. 4　 Im provem en t of CW SIm odel
　 It w as found tha t the canopy2a ir tem pera tu re

d ifference requ ired ad ju stm en t to a llevia te the

influence of so la r rad ia t ion. W eather sta tu s fo r

ra in less condit ion s w ere d ivided in to 5 grades, and the

co rresponding co rrect ion coefficien ts w ere determ ined

based on test resu lts ( tab le 2).
Table 2　W eather sta tus vs. we ighted coeff ic ien ts

W eather status Grades
Co rrection

coefficien ts Α

C lear, in tensive radiation Grade 1 1. 0

Partly cloudy, no rm al radiation Grade 2 1. 13

C loudy, no rm al radiation Grade 3 1. 15

Partly cloudy, low radiation Grade 4 1. 17

C loudy, low radiation Grade 5 1. 2

　T he im p roved fo rm u la (8) u sing tab le 2 resu lts in a

new m odel fo r flow ering Ch inese cabbage exp ressed

as:

CW S I =
û tca õ Α+ 6. 1419û

5. 5974
(9)

3　D evelopm en t of drought m on itor ing system

　T he drough t m on ito ring system w as com po sed of a

sen so r array, a sing le ch ip m icrocom pu ter (SCM ) and

its in terfacing circu its, comm un ica t ion in terfacing

circu its, and a PC m icrocom pu ter, as show n in F ig. 4.

Sen so rs included a M ID 02L T IR T , an asp ira ted

p sych rom eter, and a so il hygrom eter. T he SCM

system included a SH 2M PU 89C51 Con tro l Board
w h ich w as based on an A T 89C51 ch ip w o rk ing a t m ain

frequency of 11. 0592M H z and a Comm on Keyboard &

D isp lay Board. It can no t on ly run in the field
separa tely, bu t a lso comm un ica te w ith a PC to m ake

up a dist ribu t ion system. T he comm un ica t ion standard

can be R S232 o r R S485, selectab le in term of

comm un ica t ion distance. T he drough t m on ito ring
system po ssessed funct ion s of comm un ica t ion setup ,

rea l t im e su rveying, da ta inqu iry and drough t

ana lyzing.

F ig. 4　D iagram of drough t mon ito ring system

4　Conclusion and d iscuss ion

　1) CW S I is a p rom ising too l fo r m on ito ring w ater
sta tu s and fo r irriga t ion schedu ling fo r flow ering

Ch inese cabbage as w ell as o ther sim ila r vegetab les

and crop s.

　2) A p relim inary m odel fo r determ in ing CW S I based
on canopy tem pera tu re w as estab lished fo r flow ering

Ch inese cabbage.

　 3) A drough t m on ito ring system based on a SCM

w as developed. It p rovides a test too l fo r sim ila r
research.

　 4 ) How ever, the m odel has its lim ita t ion in

app lica t ion due to facto rs con sidered in th is
p relim inary research. N et rad ia t ion, w ind speed, the

ra te of crop coverage and o ther affect ing facto rs shou ld

be con sidered to m odify the m odel in fu rther.
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基于冠层温度的菜心缺水指数模型初步试验研究

王卫星, 罗锡文, 区颖刚, 洪添胜, 胡红斌
(华南农业大学工程学院, 广州 510642)

摘　要: 以柳叶菜心为研究对象, 测试了不同干旱条件下的土壤含水量、空气温湿度和冠层温度等参数, 确定了作物缺水指
数经验模型的参数, 并针对太阳辐射强度对模型做了改进。研制了蔬菜旱情检测系统, 利用红外测温仪、土壤含水量传感器
等, 可以实时测得田间作物的水分亏缺状态, 为同类研究提供了测试手段和数据分析方法。
关键词: 作物缺水指数模型; 冠层温度; 空气饱和水蒸气压差; 柳叶菜心
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