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ABSTRAer 

stc<rata of various \O:XXly and herbaoeous plant species respond direct1y 
te changes in leaf-to-air vapor pressure difference (VPD). Closure of 
stc<rata upon exposure te dry air occurs in rrany species wi thout changes in 
bulk leaf water status, suggesting an underlying rrechanism different fron 
the well-kno.m closure through recluction in bulk leaf water potential. 
Recent studies in our laboratory on the response of cassava to water stress 
derronstrated that plants gro.m in pots or in the field, with and without 
soil water stress, were very sensitive to changes in atrrospheric humidity. 
80th ce uptake rate and H O loss decreased great1y as VPD increased. This 
decrea~ in gas exchange 2rate was associated with a reduction in leaf 
oonductance in the absenoe of change s in leaf water potential. 1he strong 
stanatal response to changes in VPD may be of particular lilportance to 
perennial craps, such as cassava, tbat rray have to endure a long period of 
drought. Under these conditions, and in the absence of stcmatal respJnse 
te humidity, both photosynthesis and transpiration will oontinue at 
relatively high rates until available soil water is depleted and leaf water 
potential drops to the level required to induce stc<ratal closure, at which 
ti.rre both photosynthesis and trans piration will awroach zero. In such 
case, nost of the transpirational 1055 will occur during periods of high 
VPD and lCM photosynthesis/transpiration ratio, resulting in a lON dry 
rratter accum.llation per unit water transpi red. en the other hand, witll a 
direct stam.tal reslxmse to changes in aír htmridity, available soi1 water 
wi11 be dep1eted slCM1y I as rrost of the transpirational 10ss wi1l occur 
during periods of the day when VPD i s lCM and water use efficiency is 
highest. With a prolonged period of limited soil water, the greater water 
use e fficiency wi1l lead to a greater total accurrn..1lation of photosynthate 
over the stress perioo. 'I11us, the direct st<::m3tal rrechanism is beneficia1 
for those crops that e><perience long peri<Xl of drought. Hayever, with 
non1imiting soi1 water conditions or on1y short periexis of soil water 
stress, optimizing water use efficiency would not be as i..nportant as 
maximizing photosynthesis and oonsequent1y crop productivit:y. 
Under these conditions nonsensitive stmata would be advantageous. An 
hyp::rthesis is presented which relates staretal sensitivity te s taretal 
density and is cliscussed in the light of selection rretbods for varieties 
with optirnum productivity under differing conditions of air humidity and 
soil water availability. 
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More than a oentury ago, Leitgeb fcited by G. Haberlandt (9) ) noted 
tha..t stc:rmta of many plant species c lose upon exposure te dry air \vithout 
visible S)mq)toms of wilting . In 1937, it was reportee! by H. A. Razvi 
[Cited by D. 1hoday (24) ) that stcm:tta of sare succulent plantE are 

... sensitive te aurospheric humidity and the response is not correlated with 
the water oontent of the leaf as a whole. As suggested by Thoday (24), the 
epidermal water content and not that of the rresophyll is the factor 
directly affecting stanatal rrovenent. Inre recent studies (13, 14, 20) 
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errphasized the ~rtance of the peristmatal evaporation fran the guard 
oells and their adjacent epidemal cells in the control of stmatal 
noverrent. These iindings all suggest that stmata can respond to changes 
in atrrospheric humidit:}' irrespective of the bulk nesophyll water status. 
However, it has generally been supposed. that water vapor exchange QCcurs 
across a11 of the exposed internal rresophyll surfaoes (21). Kraner (12) 
cautioned agamst the proposed role of peristcrratal evaporation until rore 
infemation is available conce.m.ing the degree o f cutinizBtion o f the inner 
surfaces of guard cells and rresophyll tissue. Nevertheless, many published 
r eports in the last 15 years (1, 8, 10, 11, 16, 17, 18, 23 ) sho.; that 
several plant species tend to close their st.arata in response to dry air. 
Th.is closure oould be the result oi a decrease in bulk leaf water potential 
as leaf-air vapor pressure difference (VPD) increased. HONever, 
El-Sharkawy and Cock (4) and El-Sharkawy et al. (6) have sh""" that 
stanatal closure in cassava will occur at highVPD without changes in bul.k 
leaf water potenti al. The striking sensitivity of cassava to air humidity 
in absence of changes in leaf water potential, and the concani tant decrease 
in both CO? uptake and Hp 1055 as VPD increased, enoouraged us to expand 
our studie~ aver a wide range of species to shed light on the rrechanism 
underlying storratal response to humidit:}'. 

'I"h> direct response of stmata to changes in humidity without changes 
in leaf water potentíal has illportant conseguences to the ability oi crop 
plants to withstand prolonged edaphíc and atrrospheric water stress. 
Therefore, we directed our efferts te a search for plant characteristics 
that correlate well with the storratal sensitivity to air humidity and the 
possibility of genetic variation in those characters. In tJ1is rep:>rt we 
confine our discussi on tú data, both published and unpublished, obtained in 
our laroratory at CI.Kr, COlarbia, South Arrerica. 

leaf gas exchange characteristics , bJili ~2 uptake and H::>? 1055, as 
related to air humidity I were ronitored using a standard differential 
infra-red gas analyzer and an electronic dew-p:::>int hygrareter cormected to 
leaf charrbers under oontrolled laboratory conditi ons (4). _lGas exchan<¡e 
neasurerrents were oonducted in nomal air (330 + 15 fA LL CO), near 
optimum tarq:eratures and saturation light for CO? Uptake. Later ~3), the 
technigue was rrodified to allow for field neasu.rerrents of leaf C02 uptake 
using él. syringe injection rrethod and a ventilated hand-held leaf c:han1ber. 

RESPOOSE OF CASSAVA ro HUMIDITY AND SOIL vlATER 
STRESS UNDER ~"TROLLED CONDITIONS 

¡;\len lobes of attached leaves oi well-watered and water-stressed 
cassava plants (Manihot esculenta Crantz) were exposed to a gradual 
decrease in VPD, rates of ca uptake (P ) decreased by 83% at the l~st 
tested <ange of VID (Table f). The trlkspiration rates of these leaves 
initíally increased to a rnaxi.rrnEn at 2 kPa VPD and then ceclined by 75-90% 
at 3 .5 - 4.5 kPa VPD. These trends in gas exchange rates corresponded to 
decreases .in leaf conduGtance as VPD increased (Fig. 1). M::"lreover, the 
decline in leaf conductance was not associated with reduction in bulk leaf 
water potential ('1' r.) during the neasurerrent period of 5-6 hours. The 't'r. 
of a lobe adjacent 1:0 that encloSE!d in the gas exchange leaf charrber wa!l 
neasured :imrediately before the start of each experirrent. Final't" L of the 
enclosed lobe was detennined at the end of the gas exchange rreasurerre.nts. 
The 't' was consistently lo;.ver in the stressed plants as carpared wi th the 
oontroYs. These results (Table 1 and Fig. 1) clear1y demonstrate that the 
changes in gas exchange rates of cassava leaves in resp:mse te VID were 
rrainly due to changes in leaf conductanoe irrespective of plant water 
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status. 'Jhe regressions of P , leaf oonductance and the intercellular CX) 
ooncentration (e.) ovar VPD atl were negative with significant oorrelatiori 
ooefficients (TorHe 2). On the other hand, the nesophyll oonductance to 
co,_ diffusion, showed either a wea.k. or signifícantly positive association 
wil:h VPD. All cassava cultivars tested behaved sirnilarly. Figure 2 
illustrates the abserved decrease in e. with increased VPD. 'Jhese data 
inply that the decrease in leaf oondudance, and consequently in P , was 
not oonfounded by internal changes in the nesophyll as a whole or 't;¡ the 
photosynthetic apparatus as might llave been the case had l' L changed during 
the rreasuremmts. 

Table 1. cassava apparent photosynthesis (IJ-), transpiration (T), and bulk 
leaf water potential ('t L) as aftected by water stress and VPD. 
Values are rreans + s tandard deviations. 

P
A 

T 't' L 

1-1.5 3.5 4.5 2 3.5-4.5 
Water kPa kPa kPa kPa 

Treatrrent VPD VPD VPD VPD Initial Final 

/"'"' 
-2 -1 

mol CX)2 m s m mol 
-2 -1 

H
2
0 m s MPa 

Well-watered 22.7 3.8 4.8 1.2 -0.69 -0. 65 
+ 2 + 1 + 0.3 + 0.4 + 0.02 + 0.08 

Stressed 14.5 2.5 2.8 0.6 - 1.0 - 0.92 
+ 1.6 + 1.5 + 0.4 + 0.4 + 0.12 + 0.17 

Table 2. Correlation between VPD and cassava apparent photosynthesis (P A) , 
leaf oonductanoe, nesophyll oonductanoe and intercellular CX)2 
(e

í
) . 

CUltivar/Water 
treatrrent 

H COl 88 
Well-watered 
M COl 88 
Stressed 
Average of nine 
cultivars well
watered 

- 0.55 

- 0.52 

- 0.76 

NS: Not significant at 5% 

COrrelatJ.on Coefficients (r) 
Leaf />Esophyll 

COnductance Conductance 

- 0.67 0.37 - 0.36 

- 0.75 - 0.02(NS) - 0.40 

- 0.79 0.22 (NS) - 0.30 
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Stcrnata of cassava leaves appear to re strikingly sensitive to 
humidity, as illustrated by their pronounoed closure in dry air over a wide 
range of photosynthetic photon flux density (PPFD) (Fig. 3). Irrespective 
of plant water status, PA dramatically decreased in dry air at all tested 
irradiance l evels. lit the lwer range of VPD (> 1. 5 kPa) the 
light-saturated PA of the .... oater-stressed plants were equivalent to the 
light-saturated PA of the well-watered plants at the higher range o f \/PO 
(> Z. 5 kPa) . :!'hese rates were 50% greater than light-saturated P of the 
stressed plants at \/PO'> Z. 5 kPa and 50% lower than light-saturatfu. P.A of 
the ""U-watered ones at \/PO> 1.5 kPa. Since staratal conductance octhe 
stressed plants were always lower than the well~tered plants at any given 
\/PO (See Fig. 1), it appears that the corresponding differences in PJl. 
between the water treatJrents are controlled by both storratal ana 
nonstcmatal factors. This conclusion is further supported. by the 
consistently higher e, ID fue stressed plants over a range of leaf 
conductance that was Wuoed by changes in VPD (Fig . 4). Regardless of the 
relati ve rragnitudes attributable te storratal and nonst:.onatal factors , 
hCMeVer , it i s apparent that stcmatal control of PA is predaninant in 
cassava leaves. 

RESPCNSE OF FIEUJ GRíW>I CAS.<;AVI\ 'ID I\IR HUMIDITY 

In a field experirrent, ro uptake rate of cassava leaves was 
determined over a range of relati~ humidity within the canopy induoed by 
artificial misting. The cultivar M Col 1684 was planted at normal density 
(1 m x 1 m) en ridges of two adjacent plets (17 m x 50 m each). The plot 
to be rnisted was protected by nMS of Pennisetum High pressure 
misters were installed in ene plot te previde mis ting fran 
1000h te 1500h daily. Furra-; irrigation was applied weekly te both plots. 
The apparent COz exchange rate of the "EI2"E ll1'ature canopy leaves which 
received PPFD greater than 1200 ¡J 1101 m s was determined on several 
days using the syringe technique ",ith the small hand-held ventilated 1eaf 
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chamber (3). 
The: PA rate as a function of air hurnidity within the canopy is shONTl 

in Fig. 5. The photosynthetic rate increased linear1y as air hurnidity 
increased suggesting that stanata of fie1d grwn cassava are sensiti'é'2 !~ 
changes in humidi ty . The lMXimum obtainab1e P Arate of 25 f"'. no1 C02ffi s 
in the field at the higher ra.n:ge of humidity is equivalent te PA rates 
obtained under controlled 1aboratory conditions at law VPD, as n'éasured 
with a standard open system mfra-red gas analysis. These results again 
confirrn the pronounced effect of air humidity on leaf gas exchange through 
controllillg staratal rroverrent. '!'he misting trial was continued far two 
months throughout July-August, 1982. Seguential harves ts were carried out 
every 3 weeks and dry watter yields were determined. There were sub
stantial increases in dry root and total dry matter due to misting. Fig. 6 
denonstrates the effect of misting on root dry weight. After 40 and 60 
days af ndsting, there was 91% and 76% increase, respectively, in root 
yield over the oontrol. At another experimental site, two plots were 
planted with the sane cultivar in June and Septatber, respectively, af the 
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sane year. Both plots were regularly irrigated to supplerrent natural rain
fall over the first 6 months of growth. '!'he Septenber-planted plot 
outyielded the June-planted one bY 85% and 130% in total dry rratter and dry 
root, respectively (3). Sinoe the two plots .¡ere well watered, the 
difference in yield was partly attributed to the consistentiy lCMer 
relative humidity during the June-Septerri:>er period than in the period of 
Septerber-December. The increase in dry tratter under lCM VPD and in 
absence of soil water stress was probably due to the greater stanatal 
opening and higher P

A 
rates. 

<::a-1PARATIVE RESPOOSE ro HUMIDITY OF OSSAVA !\NO 
SCI1E HELIOPHYTE OUP SPEX:IES 

Cassava I S response te VPD under controlled oonditions was cx::rnpared 
with several other crop species. All plants were grown outdoors in large 
pots and were kept v¡ell-atered and adequately fertilized. Cassava shovoed 
a greater sensitivity to VPD than other species tested (Table 3). The 
dram::ttic decrease in P and leaf conductance with high VPD was associated 
wi th a greater reducti~ in c . for cassava. While cassava leaves sho.Yed no 
changes in ~ L' other specieg- with lesser degrees of sensitivity shOhled a 
reduction in 't'L (e.g . rraize 'f' L decreased fran -0.3 to -0.9 MPa before and 
after exposure ro dry air). It -a¡;pe.ll"s that the greater closure of stanata 
in cassava reduced the total leaf transpiration and rraintained a oonstant 
'f' L (Fig. 7). Q1 the other hand, maize leaves, with less sensitive 
stdi'ata, rraintained higher and increasing transpiration with increased VPD, 
and thus 'f decreased. These =ntrasting responses indicate that under 
high atrrosphkric evaporative derrand, cassava is better able to reduce its 
transpirational water loss through greater storratal closure wi thout 
lCMering plant r L· 
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Table 3. Response of local cultivars of sare sun crop species to VPD as 
~ with cassava. 

Reduction at 
1 - 1.5 kPa VPD 3.5 - 4.5 kPa VPD 

Leaf Inter- Leaf Inter-
Conduc- cellular Conduc- cellular 

Species PA tance C02 
PA tance C02 

.f-\. mol C02 

Maize 
Field bean 
Upland cotton 
Tanato 
Cassava 

~ 

I 
111 

N 

'e 

4 

3 

;}o 2 

~ 

o 

-2 -1 
m s 

46 
25 
21 
27 
26 

-1 
rnns 

6 
6 
4 
7 
7 

• 

2 

VPD (kPa) 

¡-< LL-1 

140 
210 
180 
215 
200 

• 

3 

29 
26 
37 
33 
64 

• Maize 
o Cassava 

4 

% 

32 15 
?9 16 
41 18 
32 23 
70 38 

Fig. 7. Transpira
tian rate of cassa
va and rraize leaves 
aS a function of 
vro. 

CC'MPARATIVE RESPONSE TO HUMIDITY OF TIIE PARASITIC 
IUSTIEIDE, Phthirusa pyrifolia ANO ITS HOST, 

TIIE Ml\NDAAJN ORANGE 

During a study of the response of ITEndarin orange leaves to humidity a 
few seedlings were naturally infected with the parasitic mistletoe . '!he 
infected seed1ings were grown in large pots outdoors and were adequately 
fertilized and irrigated. The gas e.xchange rates of both the parasite and 
the host were determined as a function of VPD. 80th leaf conductance anCl_ 
apparent photosynthetic rate of the host dec1ined rapidly with incrcased 
VPD (Table 4). The reduction in PA was associatro with reduction in 
interoellular C0

2
. 

l' L varied from - 0 .6 te - 0 .75 MPa before and after exposure to dry air. On 
thE! other hand, PA and leaf conductance of the parasite did not 
significantly change with VPD. The intercellular 002 of the parasite al so 

, did not ShCM appreciable changes. It appears that tne stanata of the host 
were ITllch trOre sensitive to VPD than those of the parasite. ':!:'he host and 
parasite leaves have a ccmron pa.thway tor liquid water flOW' through soil, 
host rcots and s te:m, te the point of attachrrent and penetration of 
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the parasite haustoria into the host vascular tissue. Therefore, any 
differences in hydraulic conductivity between ti>: hcst and parasite shculd 
líe sarewhere beyond the hcst-parasite attachnent point. 

TABLE 4. Response of the parasitic mistletoe, Phthirusa pyrifolia, to VPD 
as empared with ti>: hcst, Jl'andarin orange. 

Species 

f'- 1101 aJ2 -2 -1 m s 

Host 
Parasite 

13 
8 

1 - 1.5 kPa VPD 
Leaf Inter-

Conduc- ce11ular 
tance 

-1 
rrrns 

4 
6 

-1 
f'-LL 

245 
295 

DISCUSSICN 

Reduction at 
3.5 - 4.5 kPa VPD 

I.eaf Inter-
Conduc- cellular 

P
A 

tance aJ
2 

---_%_----

65 
9 

69 
15 

34 
-7 

Statata1 rroverrent is " ~lex phenarenon ccntrolled by 11l.11tip1e plant 
and environrrental factors (12, 15, 21). Ha..ever, the direct role of VPD in 
oontrolling stc::m3.tal rrovarent rerrai.ned unappreci ated until recently (8, 13, 
14, 20). It has been generally assumed that the effects exerted by changes 
:in VPD en stcrnata is expressed v ia changes .in leaf rresophyll \oIa.ter status. 
Thus, it was widely accepted that stanata would close when leaf water 
IXJtential decreased te a level sufficient to induce i\ 1055 of turgor in the 
guard cells (15, 12, 21). The rapid and remarkable response of st01\1lta to 
VPD observed .in cassava, ('lS well as in several other species, without 
apprecicilile changes in bulk leaf water potential, has been c learly dan
onstrated (Tables 1, 3, 4, and (4, 6) l. Rates of aJo upti'lke and H70 loss 
both decreased markedly at large VPD. A corresponcting reé!uction occurred 
in leaf oonductance and in the intercellular C02 concentration. This 
iITplies that staMtal closure in dry air, particularly in this highly sen
sitive species, was not prirnarily trediated via i.ntemal changes in the 
I'lesophy11. 

'I'he mechanism by which stanata react directly to changes in 
atrrospheric humidity reIMins a debatable subject (13, 19, 25). In order t.O 
effect a staratal closure in response to chwqes of VPD and in absence of a 
majar reduction in bul.k leaf water p:>tential, a localized water stress in 
the st.cmatal apparatus and the adjacent cpidennal cells Tm.lst develop 
through evaporation fron the e.xp:>sed internal and external walls of the 
stC!l\3.tal carplex (13, 14, 20, 25). Water stress at the guaro cells cnd the 
surrounding exposed epidermal ce11s is expected ro be greatest in leaves 
with a large number of stcrrata per unit surface area and with greater 
hydraulic resistance between the bulk of the mesophyll and ti>: epidermis 
(7). The greater the stanatal density the larger would be the area of 

exposed wall surfaces of guard cells. '!he reduced proportion of epiderrnal 
cells to buffer changes in y of the guaro <:ells ll\3y also be important. 
AA illustrative exaJTl>le is the apparent a.nd Cüntrasting difference in 
staratal density <IJlCl mesophyll anatany of the highly """sitive cassava leaf 
as camparen with stamata and mesophyll anatamy of the muc h ]ess sensitive 
mistletoe leaf (empare Figs. 8 and 9). Cassava leaves possess greater 

• 
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st~tal density nostly or entirely on the la.;er surfaoe (-:=' 500 stana 
mn ). '!he figures also shcM a greater exposed area of epidemal oells 
around the stanatal apparatus of cassava. On the other han<!2 the mist~etoe 
leaf has mlch lower stanatal density (98 and 130 stona nm on the upper 
anc\ lower surfaoe, respectively). '!he rresophyll of the mistletoe leaf is 
ccnpact with few and small intercellular air spaces and shallow substanatal 
cavities. 'lhi.s anatanical systern results in a reduced area of exposed 
walls in the vicinity of the staTata. Moreover, the better connection 
between the epidermis and the rresophyll should increase the hydraulic 
conductanoe taward the starata of the mistletoe. 

Fig. 8. eross section of 
cassava leaf 

Fig. 9. Cross section of rndstletoe 
leaf. 

'!he strong staratal resp::)TIse to changes in VPD is particularly 
i.rrp:Jrtant in ferennial or long sea son crops, such as cassava I that have to 
endure the long dry season crnm:>nly encountered during their proCluction 
cycle. Under these stressful conditions, with stcrnata less sensitive to 
VPD, 1:xJth CO uptake and H O 1055 will occur at a relatively high rates 
untH avaHab2¡e soH water ls rapidly depleted. '!he leaf water potential 
will then decrease te the level required te induce stomatal closure, at 
",hich ti.rre both photosynthesis and transpiration will approach zero. A 
greater proportion of daily transpirational 1055 will take place at periods 
of peak VPD. In such a case water use effi ciency (WUE) either of a dngle 
leaf or of a crop canopy will be loo. On the other hand, with a larger and 
rrore ditect staratal response to VPD, the lilnited aJTúlU1t of availahle water 
during tlle dry sea son wi11 be consurred s1oo1y, as transpirational 1055 will 
occur main1y in periods of lo,.¡er VPD and higher WUE. This will lead to a 
grectter total carbon gain over the stress pericrl. 

The water use efficiency oE cassava as a C
3 

crop is indeed rTLlch 
greater than that of field beans (C ) which are less sensitive to VPD 
(Table 5). t-nreover, \\lUE oE cassava ~es favorably with that of grain 
sorghum, a C4 crop. Oue te the greater harvest index oE cassava, the 
arrount of econanic yield produced per unit water transpired in many cases 
exceeds that of grain sorghl..Dll. Ho...ever, with nonlimiting water supply or 
with brief soil water shortage, maximizing total harvestable yield would be 
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of greater value than optirnizing WUE. Dnder these conditions, varieties 
less responsi ve to changes in trumidi ty would be rrore useful. 

TABLE 5. COTparative water use efficiency of cassava, grain sorghurn and 
field bean. 

S¡;ecies/ 
Carbon 
pathway 

Cassava C
3 SOrghurn C
4 

Bean C
3 

cassava/sorghurn 
cassava/bean 

Single leaf 
gas exchange 

5.3 
6.2 
3.5 

85 
150 

Water Use Efficiency 
1btal blOlT'aSS 

of field grawn 
crups 

9 dry weight 
-1 

kg water 

2.9 
3.1 
1.7 

Econctnic yield 

9 dry weight 
-1 

kg water 

1. 7 (HI 60%)' 
1. 2 (HI 40%) 
0.7 (HI 40%) 

%------------~,---
94 140 

170 240 

* HI: Harvest Index Dry gralJ1 or Dl)' root x 100 
1btal ary welght 

The great sensitivity of the rrajority of the cassava cultivar s tested 
led us to look tor plant characteristics that might be an inclicator of 
stanatal sensitivity te VPO. In a wide range of warm climate C~ species, 
El-Sharkawy et al. (7) found that l1'aXimum photcsynthesis iS directly 
related to leaí conductance. Also, staratal sensitivity to VPO was found 
to be ¡:ositively correlated with both l1'aXimum conductance and staratal 
dcnsity (Fig. 10). This indicates that eelection for high PA could be 
associated with greater sensitivity to VPD. In arder to minimi.~e stomatal 
sensitivity and at the same ti.rre select tor high conductance and high P for 
wet conditions, ít was hy¡:x::>thesized that .sclection of amphistCll\3tous leaves 
with a la.er staratal densitv in either side would be useful (7). en the 
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Fig. 10. Reduction in P A. 
as a function of storraUti 
densi ty. NUmbers indicate: 
sorghum (1), maize (2), 
andropogon (3), eucal yptus 
(4), mandarin (5), 
5Winglea (6), papaya (7), 
cotton (8), cassava (9) I 

ocwpea (10), bean (11), 
mu:ngbean (12), seed peanut 
(13), forage arachis (14), 
siratro (15), water-rrelon 
(16), squash (17), taratc 
(l8), rice (9). 
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• other hand, =op cultivars expected te be grown under limited water supply 
coupled with high evaporative derrand should be equipped with high stcnatal 
density on one or l:x>th sides of the leaf, thus nak.ing them potentially 

• efficient in terms o f P and also sensitive to high VPO. Genetic 
variabUity in staratal deñ"l:ity and in the pattern of their distribution en 
the upper surface of the l eaf are knc.wn to exist within species, including 
cassava (5 ). A few cultivars with significant staratal density on the 
uppe:r surface were recently isolated fran the predcrninantly hipos tan.3.tous 
germplasm of cassava. It is :i.rrportant te study the reaction of sare of 
these cultivars to VPD and to test the validity of the aforE!l'E!I1tioned 
hypothesis. Furtherrrore, research efforts s hould be directed toward other 
plant characteristics that might correlate wit.h stcrnatal sensitivity te 
VPD, such as root le.ngth density in relation to leaf area (2, 7.2). 

< 

For a crop like cassava with its high sensitivity to air humidity, it 
""",Id be beneficial te grcM the crop in any convenient system of 
intercropping. The intercropping under nonli.miting soíl water should 
inprove the microenvi.ronrrent "ithin the canopy (e.g. elevated humidity ) and 
thus enhance the photosynthetic rate and the yield of cassava. Under 
limiting soU water coupled with dry atrrosphere, the use of windbreaks 
might be beneficial, particularly under rainfee conditi ons . In those cases 
where cassava is to be grown intensively under irrigation (preSt.:D'llably in 
semi-arid areas with large daily VPD) it would be wise to choose 
nonsensitive cultivars, if available, or adopt a CCIliJination of irrigat ion 
systems that might increase the humidity within the Gr op canopy . 

lo 

2. 

3. 

4. 

5 . 

6. 

7. 

8 . 

9. 

10. 

REFERENCES 

Astan MJ. Variation of stcmatal diffusive resistance with arrbient 
humidity in sunflo.oer (Helianthu.s annuus). Aust. J . Plant Physiol. 
3:489-501, 1976. --
Bunoe JA . l dentifying soybean lines differing in gas exchange 
sensitivity to humidity. Ann. Appl. Biol. 105 :313- 318 , 1984. 
Coc:k JH, M:M Porto & MA El-Sharkawy. Water use efficiency of cassava. 
IIlo Influence of air humidity and water stress on gas exchange of 
field grown caS5ava. Crop SCi. 25:265-272, 1985. 
El-Sharkawy MA & JH COC:k. Water use effic iency of cassava . I. Effects 
of air hurnidity and water stress on st.cnatal conductance and gas 
exchange . crop Sei . 24:497-502, 1984. 
El-Sharkawy ~1/;, JH Cock & el de cadena . Stcnatal characteristics arrong 
cassava cultivars and their relation to gas exchange. Exp. Agrie. 
20:67-76, 1984. 
El-Sharka\vy M.n., JH Cock & AA Held. Water use efficiency of cassava . 
11. Dif fering sensitivit:o.¡ oí st.a"r\ata to air humidity in cassava and 
other warm c limate species. Crop Sei . 24:503-507, 1984. 
El-Sharkawy MIl, JH Cock & AP Hernandez. Staratal response te air 
humidi ty and i ts relation to stcmatal den si ty in a wide range of \-rcrrrn 
clirrate species. Photosynth. Rl"s;. (in press), 1985. 
Farquhar GD, E.-O. SChulze & M Kuppers . Responses to humidity by 
staTata o f Niootiana glauca L. and Corylus avellana L. are consistent 
with the optirrú.zation of caroon dioxlde uptake with res¡::ect to water 
loss. Aust. J. Plant Physiol. 7: 315-327 , 1980. 
Haberlandt G. "Physiol ogi cal Plant J\natcmy". McMillan and ce. London, 
1914. 
Jarvis PG. Stanatal response to water stress in conifers. pp. 105-1 22. 
In: Turner NC & Krarrer PJ (ed.). Adaptation of plants te water and 
high temperature stress . John Wiley & Sons, New York, 1980. 



198 

11. 

12 . 

Kaufman MR. leaf =nductanoe as a function of photosynthetic photon 
flux density and absolute hunidity differenoe frcm leaf to air. Plant 
Physiol. 69:1018-1022, 1982. 
Krarrer PJ. "Water Felations oi Plants". Academic Press, New York, 
1983. 

13. Kaier-Kaercker U. The role of peristanatal transpiration in the 
rrechani<ID of stanatal ITDVE!Te1lt. Plant Cell Enviren. 6: 369-380, 1983. 

14. fEidner H. Water vapoúr loss frcm a physical rroclel of a substanatal 
cavity. J. Exp. Bot. 27:691-694, 1976. 

15. Raschke K. Staratal Action. Annu. Rev. Plant Physio1. 26:309-340, 
1975. 

16. Rawson HM, JE Begg & ffi~. The effect of atrrospheric h\Dl\idity 
en photosynthesis, transpiration and water use efficiency of leaves of 
.everal plant species. Planta 134:5-10, 1977. 

17. Schulze E.-D. & AE Hall. Stanatal responses, water.loss and C0
2 assimilation rates of plants in contrasting enviroI1Jlel)ts. pp. 

181-230. In: Lange O.L. et al (ed.). Encyclopedia of Plant 
Physiology. Vol 128. Springer-Verlag, Berlin, 1982. 

18. Schulze E.-D., OL Lange, U Buschbcm, L Kappen & M Evenari. Stanatal 
reS(:Onse to changes in hwni.di ty in plants grcMing in the desert. 
Planta 108 :259-270. 1972. 

19. Sheriff TX<. The hydraulic patÍll""y in Nicotiana glauca (Grah.) and 
Tradescantia virginiana (L.) leaves, and water potential in leaf 
epidermes. Arm. Bot. 50:535-548, 1984. 

20. Sheriff CM. '!'he staratal aperture and the sensing of the envirenrrent 
by guard cells. Plant Cell Environ. 2:15-22, 1979. 

21. Slatyer RO. "Plant Water Relationships". P.cademic Press, New York, 
1967. 

22. Taylor HM. M:xlifying r=t systems of cotton and soybean to increase 
water absorption. pp. 75-84. In: "I\lrner N.C. & Krarrer P.J. (ed.). 
lldaptation ot plants to water and high teJTperature stress. John Wilsy 
& Sons, New York, 1980 . 

23 . Tazaki TK, Ishihara & T. Ushij:ir:a. Influence of water stress on t11e 
photosynthesis and productivity of plants ; n humid areas. pp. 309-321. 
In: "I\lrner N.C. & Krarrer P. J. (ed.). lldaptation of plants to water 
and high terrperature stress. John Wiley & SOns, New York, 1980. 

24. Thoday D. StorTatal rroverrent and epídermal water-content. l'!eture 
141: 164, 1938 . 

25. Tyree MI' & P Yíanolis. The site of water eva¡:::Qration frc:rn sub--stcrratal 
cavities , liquid path rcsistances and hydroactive stanatal closure. 
1Inn. Bot. 46:175-193, 1980. 

• 


