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ABSTRACT

The after-effects of moisture stress on stomatar resistance (RS) and
transpiration rate (TR) of mungbean were studied using cv. MI-6 at
vegetative and flowering stages in the greenhouse of the Department of
Botany, Eastern university, sri Lanka. Moisture stress was imposed for
different treatments for a period of 12 days per treatment during the
vegetative, florvering and pod-filling'stages. Moisture stress was uppu.a
by withliolding the water compietely at once. The control plants rvere
regularly watered at four days interval. There was a compleie recovery
of RS and TR values of plants after re-watering. The RS was completely
recovered on the 5'h day and 7'h day after re-watering during the
vegetative and flowering stages respectively. The TR was completely.
recovered on the 4th day and 6'h day after re-watering during th8
vegetative and flowering stages respectively. Moisture stress during the
flowering stage showed high yield reduction compared to the other growth
stages. Moisture stress experienced at the flowering stage caused a

s€vere flower drop. This limitation resulted in low pod sit, *hi"h reduced
th^e_number of pods per plant and the final yield. A deray in the recovery
of RS and rR during the flowering stage also wourd have contributed
for the reduction in yield.

Key words: Moisture Stress, Recovery Stomatal Resistance,
Transpiration Rate

INTRODUCTION

Mungbean (vignaradiataL.wilezek) a major grain regume is cultivated
traditionally and predominantly in Sri Lanka under a system of subsistence
farming mainly in the dry and interrnediate zones (Jayasekera &
Ariyaratne, 1988). It is rich in grain protein (ranging from 1 7%oto27%),
carbohydrate (over 60yo),vitamins and minerals. It provides not oniya
cheap source of protein but also ensures an ideal complement with regard
to amino acid requirements.
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Mungbean suffers from 4aYo b 6AYo reduction in grain yield due to

moisture stress as compared to irrigated crop (Sadasivam et al', 1988)'

yield improvement ol mungbean, either through breeding of high

yielding cultivars or through improved crop management therefore

shoutd ue based on the countering efftcts of water stress (De Costa e/

p\.,1999).Water stress leads to wilting after-effects and the physiological

processes fail to return to nonnal immediately (Mansfield & Davies,

iltt;. th"r" afe numerous reports showing that water deficit limits

yield while irrigation increase s yielcl (Mahendran et aI.,2000). Further,

tlr. l...ou"ry after water stress has rarely been investigated in detail

(Kirschbaum, 1988). The recovery frorn water stress is as much important

as the water stress itself.

The present study was conducted to assess the response ofrnungbean

iur. 
^tutt-O 

to molsture stress at different growth stages (veletative,

flowering and pod filling) and to determine the extent of recovery of
' 

the physLlogical parameters of mungbean after re-watering"

M,'JIE,RIALS AND METHODS

Greenhouse experiment
This study was conducted in the greenhouse bf the Department of Botany,

Faculty of S"i"nr", Eastern University, Sri Lanka from May to July

?s0o. ttre average temperature and relative humidity inside the green

frhuse *.r. E+ + t .2 "C and 53 r 1.8 %o respectively during the

omic practices
*.., gro*n in poll'c"rhylene bags and black polyethylene sheets

h gauge)-we." u."d to prepare the bags. Potting mixture was added

e;t ti; of sand: red soil: cow dung 1:1:1' The mungbean seeds

After-Eflects olMoist[re Stress on Stomatal Reslstance

were treated with Captan (1g l-') before dibbling in the bags'

seeds were dibbled in each bag. Only the vigorous seedling was

I for two weeks after sowing.

iqdto grow and the rest were removed 10 days after the emergence'

iLntt *.t" arranged 30 cm x 10 cm apart (Anon', 2005)' Weeding

I manually at i0 days interval. watering was done rlaily in the

until germination and water was applied to field eapacity at 4

application
zer was incorporated with the potting mixture before sowing

dressing at the rate ofurea (3 5 kg ha-r), triple super phosphate
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(i00 kg har) and muriate of potash (75 kg ha-r)' Urea (3Okg ha'') was

applied as the ,"p d;;;;l; ib auvt after Jowing during the flowering

stage (Anon.' 2005)"

Experimental desisn

, A number of 120 Ol?;t were used f3r t-he experiment and they were

divided into 4 treatments' These treatmenls were arranged in a

completely ,unooti?"i;-G11 and eachtreatment had 30 replications'

The treatme'"tt' t""'JiJnn"tias follows: Treatment*t t:l t:T:u'= tnt

controi. Moisture t""" t"t a periocl-of 12 days was imposed fot

treatment-2 trrl ititg^trt" u*gtlutive stage" rt:"T""j,1 !li:
experienced *oi'tulJ''iGsdor a pJriod of 12 days during the flowenng

stage. Moisttr" 't;;;' 
;;s applied for-treatment-  (T4)' for the same

period during tt't i"A-nifiip tt"e",lUoisture stress was given by

withhotding water iompletely at once' The treatment structure was

illustrated in the Figure 1'

rr l__l__l-_l--l--l-l_-l--l--i--l__l-l.-_l__l_-
rz t-t-14__$ss$el$eeq-F-l-l l-l.-l_-l-
13 1.-1-l-l-l-l-l _J_ryf:sr-l--r-r_-r-
ro l--1--l__l-_l-l-l__l-l-

l-t Each unit rePresents 4 daYs

RePresent stress Period

A
I Measurernent on the l2'h day from the commencement of the stress

Figure 1: The diagrammatic representation of the manner in

which moisture *t'"** was imposed at different growth stages

of mungbean

fNote: T, = contror _ regular watering. to field capacity at 4 days

interval,T"= r2 days *;:.".il';^J;"r, i"ii"g tt," u"g"iutive stage at 16

davs aftef sowing' r.'jiz J"vt mo.isture iiress diring the flowering

stase at 32 davs "tt' 'iii"gj 
T;:Ji a"yt *oittut" si-ress during the

poi-ntting stage at 44 days afler sowtng ;

rfJ:,Hff ,1'i,,,,un""(Rs)andtransplltl:::*sP"trffi:"T:l:
}|:"'nfrT:'J;;ili'T"Ti'';;l'il;ffi ;;;;ementoreachstresscvcre

andcontinueddalv"ft:l;iffi;r"d;'l;!i:*:':*S*:.:55*l$l;
Xl$ i"#'lff;So,U:$'il#^e; ti;ni uno rR were measuredin

ihe control and re-watered plants'
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The leaves which were matured most recently' i'e'' the 3-'d or 4h leaf

fromtheapexwasselectedforthedeterminationofphysiological
puru*.t"rr. The RS and TR were measured by a portable steady state

p"r"*.". tf-I- 1 600' LICOR Inc, USA) during the vegetative' fl9w.erine

and pod-filling stages for the stressed' control and re-watered plants'

The measurements were made between 10'00 a'm' to noon when the

photosynthetic active radiation (PAR) was above the saturation PAR of

1500 p Es-lm-2.

The matured pods were harvested in two pickings'- The first picking

was done on the 60d day after sowing and the second one was made on

the 70s day afterco*ing' The poJs were collected from different

heatments urrd th"y *,"r" piotea tog"tlrer. All the measured data collected

from the experimental piants were subjected to statistical analysis.

RESULTS

Stomatal resistance (RS)

Ooring,ft" 
"ugetative 

(Tr) and flowering.stagel (T,) a complete recovery

inthe RS values was obs6rved on the 5m day and 7d day after withholding

[r rt .r, (Figs. 2 and 3). RS showecl a progressive recovery during the

period from Zto 4 days'after re-watering the stressed plants' The RS of

theplants during the vegetative stage recovered faster than that' ofthe

'flowering stage. This stows that water deficit would have had more

impact oi tnJflo*"ring stage than the vegetative stage'
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2: After-effects of moisture stress on the stomatal

resistance during the vegetative stage
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Figure 3: After-effects of moisture stress on the stomatal

resistance (RS) during the flowering stage
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Transpiration rate (TR)
It was found that there was a complete recovery in the TR values

plants during the vegetative and flowering stages on the 4ft day and

day after re-watering respectively (Figs. 4 and 5). The plants $tresr

during the vegetative stage showed quicker reiovery in the TR

than those of the flowering stage'
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Figure 4: After-effects of, moisture stress on the rate of

transpiration during the vegetative stage
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Figure 5: After-eff'ects'of moisture stress on the rate of
transpiration during the flowering stage

Yield
The highest yield reduction rvas observed rvhen the stress was imposed

duringlhe flowering stage of the plants (Figure 6). The plants stressed

during the vegetative stage showed the nejxt highest yield reduction.

No stress Vegetatira Fkrtering Pod-flltitg

Stages ofgrolrth at wftich the stress was imposed

6: Effect of rnoisture stress on yielti of neungbean var"

MI-6 at different growtli sfages
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photosyntlresisbyreductionirrleafarea,closureofStomataanddecre
in the efficiency of carbon fixation'

NISCUSSION

'Ihe severity of water stress w'as higher during the flowering stage than

the vegetative stage. There is a positive relationship between the

magrritirde of aft.--r-efl'ects with that of the leaf water stress attained

prior to watering. An inhibitor of stomatal opening may accumulate in

i.uu", un", *iltin,g. Tlie amc'runt of accumulation depends on the severity

of stress. The major atter-eft'ects of stress clearly resicJed in the guard

cells and subsequently shorved to be due to the persistence of absicic

aci,J (ARA), *hi"l., has a direct effect on guard cells (Allaway and

Manield, 1.g7q. The rielav in stomatal opening of tr:bacco and bear

leaf discs placed in water to recover from stress was shown to be

Jependent on the ciegree an6 duration of stress treatment (Fischer el

a|.,1-970)"

A delay from complete recovery of RS during the flowering stage mal

be dueio th'e higher amount of accumulation of ABA during this stage

The lag in the recovery of RS after rehydration rnay be due to the

persistJnt effect ofABAproduced during water stress period (Torrecillas

et a!., 1995). 
.

Techawongstien e/ at., (.1992) observed that in some cultivars' of hot

;;;;t, tni rn vaiues of the water stressed plants were significantly

lower than those of the control tirrougirout the treatment period

(Techawongstein e/ al., 1992). These signifi cant differenoes persisted

for"6hoursafterrewateringintheshorttermstressedplantsandfor9
days after rervatering in the gra<lually stressed plants. Tire values returned

to norrnal thereafter. In thii experitnent, delayed recovery of RS would

huu" 
"uu,u.l 

a delay in the recovery of TR' .i.nis is because stomatal

movement exerts greater influences on TR'

The amount of flo,*,er production in plants directly related to the plant

water status. Also, f,ormation of perfect flovrers and the duration of

flowering period also depend on plant water status" The water stressi

shortens-fiowering duration, reduces flower size and cause fl'wefl

sterility. Uttimately the final yield was reduced' Drought leads toE.t
increased shedding of flo*"r, and young pods and shortens the flowerin{

durationinlegumes(Peta1991).Waterdeficitswouldalsohavereduce|
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Stomatal re s i stance exe rte d b ig ge.r itf 
l'.: 

i," : 
""11. 

t:: 
:;"": ::

;ffiffiffi ; iilil; ;: :!:' *l *i.:*::.ff;;i,,'ffi;J;
lil[:JffiJ.:i"#-;;y;1':,1.1:^,]:":i:l*$TlT:T,",TT:
ll:ffi'*,''"':il';';ilil;;;i";"ro:,1'it:::f3,"i::,1::lilfi];
:ffi :5[:Tft ;;f ffi;"""""'i:il:::.1':ii:"ff;::ilil:lu€tayqu rrtv rvvv!v'J -- | 

: removal of stress ts more
ia* Aurnug" caused by water stress upon th( . -- /:^- ^ r^-^ ^crin^ of

"ililfi 

["f'"":1Hloil;''.::rr**:::'::::.:::""""1?0,,1"'""1,1i
lffi ffJJffi &# ; ;"' r, 1 i g u ? "r 

* 
1, ::: "f,y" : i,T -ili^l"ll,l:

f;n:t;;nX"#in"',,, =n;,' 
;-d;,t",r in 1 icld d.rin g rrre fl oweri n g

stage.

TR is the function of grain vielcl' The amount :l11T:"t:T,::'
ired bY

r,HH'T'ffi '-'^'?;;;;,.a5rma{i'-r-ioficll,li,91Tl;T::,t3;,:l,
+fl T#il:T;';il ffi ;; ; " 

-'i; 
i; 

i'r; 
:' " 

s: 
)l : : ld :T ::: :"i TlThe reductton ln r rr Lrur 'rb " -- -;o 

: ielal,ed recovery of TR
,fta n*f yield of mungbean' Therefore' the 

:-r-! r..-:-d+raoflnrverirlB
;:rffi.Jffi ";;;;"d forthe reduction inyield duringthe flowenng

stage.

CONCLUSIONS

above experiment showed the extent ot *":::r1 :l:l: ::t'"t'*T::
;fiffi;";;ination of stress' The flowering stage was

to be the most criticaf growth stage'during :T":: i*llt:::T:oe f,r€ rlrubt vr rrrv@r 
"i*a-"tt"t Jo*put"o to the other growth

aboutthe highestyield , ! , ^-.^ ^^,,oorr o

fi::.11,::?':i'i"i"ttn-noweringstaeeyouf 
dlT.::i:::1:

MOISIUIU slrs)D sururE) ^carbon fixation and
fl;;.t drop' The reduction in the amoul:o,t-.'^,, 

-^,r,,^tin' The',llii"rT'11'll,]i;,il;;;;;;h-*caledt|11':Y:1*':?)Ini
;;i;il; thus coulcl be adjusted * '1" 1:J-1"j,::::il:

;fiffi';;;;;" rl";;ring stage in order to sustain the
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