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Absmct: Both nlartagen-fersilized arad unfentitizeci white oak, bur oak, and red oak seet9lirags 
were subjected to progessive b u g h t  in a p n h o u s e  study. Stoma& conduct61nce was 
measmd before and d u ~ n g  &ought mament. Wheat water was not li&ting to sseeaing 
gowth and function, N-fedl izd white oak showed w a t e r  maimurn stornatal conductance 
(2W m l  rn-2 s-I) cornpard to N-deficient white oak (74 m o E  rsi2 s"". Neither bus oak nor 
red oak showed any cPiscernible &ffemnces in stomatd conductance between fertilization 
maunents before imposition of drought. During &ought, N-Ernited red oak minaained greater 
stomtal conduetmce at a lower soil relative water content copnpued to N-fedlized red oak. 
M-fertilized bur oak decreased s t m a t d  conductance pattiarlly daring mderate drought and 
ceased conductance compktely d ~ n g  extreme brought, whereas N-deficient bua oak 
rn~ntgated high levels of conductance dhng rate &ought md hdted condkactr~nce 
pmipitously during severe b u g h t .  No &scernible diffemnce between K-fedlimtion 
ltireattrmements was found for white oak stwata1 conductmce dusirag drought. Red oak and white 
oak seedlings exhibited lower stomattal conductance values less madiliy and under dries soil 
conditions than did bur oak, salggesting superior &aught akptability of bm oak. 

S t m a t d  conductance represents a c o m p r o ~ s e  between carbon assimilation and excessive 
water loss by asantspkatian @u&ow 1980). Minerd nulriena status may &atly affect rates of 
photosyn&esis by daftering the conknt md flunctian of key metabolites mend enzymes and may 
d s s  have indirect effects by dtering stomaM mspones. Nu~elmt deficiency may increase or 
decpease satmamf sensitivity to soil moismre av~lability (Radin et al. 1982; LaBtiilri 1980; 
Wan8 et al. 1988). Thus, the stsmall and photosynthetlh: response to h u g h t  for a given 
s p i e s  mdy be altered by n u ~ e n b  statas. 

White oak (Querca a l b ~  E,), r e d  oak (Q. srrbrta L.), md bur oak (Q. macrocaqa Michx.) are 
oaks of the central h s d w d  region. Bur oak ea&Gondly has been c h a ~ a c t e f i d  as 
&ought-tolerant and the most xeric hzfi the three species, ahough it is bimda4. in & s ~ b m ~ o n  
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w,cang on both mesic md xeric sines (Abrams 1986), while white and especidiy red a& m 
regaded as nnssre exclusively mesic @owells 1965), 

We exax~~ined the effects of two niwogear regimes on stom.a;xd ccrnducmce sf  bur, recl, and 
white oak seediings during the propssive soil e i o g  of an df i c id ly  innposed &ought. 

Fifty 2-0 bare-root domant seedings of each of red oak, white: oak, and bur oak were planted 
in a steam-stefiiized I:li rl l o m y  soif:vemiculite:pat moss mix in 60 cm [dl by f O  cm wide 
cylindricd pots. Hdf of the plants sf each species were given 200 ml! of N-free: 8/4 s&englfa 
r n a f i d  Moagland's soileation weekly and the other hdf were given the same plus 5 ppm N as 
m4WQ,. Plants were watered daily. After sixteen weeks in the geenhause (26' day, 18" 
night, photoperid extended to 16 h by s ~ u m  vapor lamps) &ought was irmposed by 
wi*holding water. 

The results of a preliminq sttndy .in&categB that the pkmts reached their daily mzimum level 
of stornatal conductance between lBBQQ and 1100 local stindarc8 time; therefo~ dl stomata1 
conductance measurements were mde  between those hours. h n t s  were sampled randomly. 
Stornatal conductance was measused on the abaxial leaf surface with a steady state dffusion 
parameter jIdI-16W ?&i-Cor, Lincoln, NE); ~ l a t i v e  h u ~ & t y  varied between 15 md 30% on 
the days when measurements were taken. M a w n  leaf water potentid was measurd on a 
subsample of fully-expaaded leaves with a pressure c h m b r  (# 3W Soil Moistw Gorp., 
Smta Blarbara, CA) at 0304)-MM the mming fo'olIo~ng stomatd ccsnducan- ~e measmmnts. 
This allowed us to d e t e d n e  the relationship between soil refrative water content and soil 
wakr pstential estimated as p ~ h w t a  l e d  water potentid (Nobel 1983). Soil relative water 
content was delemined by weighing the pots d ~ n g  the dtemosn of each aneaswement drPy 
and comparing the soil mass of each pot with the saturated (12 h after find watering) soil 
mass and the d q  (constant weight at 7QBO) soil mass. The fornula used to caliculate relative 
water content (RWC) was: 

RWC = (fresh mass - dry mass) / (saturated mass - dry mass). 

Leaf relative water content was & t e ~ n e d  but it was not found to differ by spmies or 
tPeament. 

WSUdTS AND DISCUSSION 

Stornaval response was interg~ted by boun- line analysis (Webb 1972) where a line is 
h w n  sat the boundary s f  the maxi~1'~una stomtal conductmce vdues and aft p in ts  below are 
assumed to be limited by same factor other &an tisat of the independent vasiable (ghincuey et 
d. 1978). This technique is useful owing to the fact; &at stomata respond t s  the csmpjex 



interactim of a number s f  environmental anhard endogenous factors that could. not be conweiiled 
during &is experiment (e.g. daily variadon in solar mdia~on), Conbiacnance measuRments 
>10 mmol m'2s-' were conzsidexd to signify at least pzintialiy opened stomares Isxed on our 
measmmcaxts of leaves with cornpBetely closed stornates indicating that cuticular irconduceance 
far $1 species was about 3-8 mmoH m 2s". 

%tornatal Response with High Soil Moist'd~ 

m i t e  oak increased its maximum rate of stomad conducmce hnn  74 to 2W mmol m " ~ "  
when supplied with N fertilizer and water was not limiting (Rgures 1a.b). This is consistent 
with the results of Minshdl (1975) who found that urea or nitrate stimulatd &anspiration of 
tomato, Mirrgeau and Rc~belin (1972) who found that M-deficiency decreased trmspkation of 
sunflower, and Nagxajh (1981) who found that N-hficiency of tea caused a decrease in 
stomata1 conducrance and trmspiration. A general cornlatiom between fdim N and net 
photosyntfiesis and stoma& cmducmce has been xpohted in an extensive survey of native 
43, plmts (Field and Moc~ney 1986). Neither red oak (Figures k,$) nor bur oak fJ?igmes f eJ) 
show& any response to N fedlliza~on matmnt when soil m o i ~ t w  levels were high. 

Stamatill Response during Drought 

Mi& oak +M and -N showed similiu mspamses d u ~ n g  draught {Figures la,b): both 
N-fertilized and N-deficient pXa~aas decreased stonnatal conductance suddenly at 22% RWC 
(-11.8 MPa soil water potenrid). Red oak: stomatall conductance ceased at about 22% WWC 
(-1.8 MPa) when supplied with N (Pigum Ic), but continued until 89% RWC (-2.5 MPa) 
during N-deficiency (Figure Id). This msexnbles the Pesponse of M-cfeficient beans as 
descPibed by Shimshi (1970). The response of hur oalc is the most &srinetive. N-fertilized bur 
oak acpccomplist~ed a partial decxcase sf sbmatd conductance at about 33% RWC (-16.5 W a )  
md maintrdind moder&ely low stomatd conductance to below 20% RWC (-2.1 MPa) (Figw 
I e). The zsponse of N-deficient bur oak &Kers; its stornates halt& conductmce suddenly at 
a b u t  23% RWC (-1.5 MPa) Vigm 18. 

These data suggest a bought ahpmtion of bur o& seedlings. Under conditions of soil 
nitrogen availability, bur oak seems to employ a harght avoidance ttilctk (Jones 19816); the 
smaings avoid excessive plant water bss  and rapid depleriorm of Iimited soil water reserves 
by closing stonrates paftinliy as soil water pokntid decateases below -0.5 W a ,  allowing only 
a limited level of gas exchange md water loss. These results x e  s i d m  to those obmined 
with bur oak under drought conditions in Kansas forests (Abrams and Knapp 1986). 'This 
appmnt mticipation of extreme clroughr reRects the woIo@cd pefiommce of bur oak which 
mcm on haughty sites md soils as well as an more mesic sites which srrppos~ red and white 
o& (Powells 1965). 
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Figure 1. Stomad conductanrn of N - f e d i d  md d d l i z e d  white oak (a,&), red oak 
(c,d), and bur oak (ea s gs during a progressive h u g h t  



The stomanal conducmce data mity ~ f l e c t  &e fzck &at white md red oak thrive nietwdly or! 
more mesic sites than bur oaic, on mesic sites stornatal sensitivify to increasing &aught is less 
~Ti t icd  for survival. Bur oak on a msic site would incur all the &sadvantages of an 
andcigato~y response to moderate &ought (less capability for photosgmtketic gas exchmge, 
slower growth) in exchange for only marginal benefits {warn cotasemation d u ~ n g  ~Iat ive ly  
rare exmme &oughts). The tendency of N-deEcierat red oak to naint&n stornard conductance 
during extreme &ought con&tions may indicate that red oak r q u k s  N to conserve water. 
The absence of the &ought-dapfive stomad response in N-deficient bm oak may reflect a 
nitrsgen reqtiirement far the expression csf the hugfit-ac8agdve response. This suggests a 
mwhanism to explain the seemingly a n o d o u s  findings of' AAbmms (1985) that the @ow& 
rate of bus: oak trees in Kansas stands was greatest when aavaifable sail NI-$ and NO, were 
lowest. Perhaps anticipatosy stornatal closing of bus oak with the onset of bikght was 
sufficiently enhanced ~m soils of p a t e r  N ferrility in Kansas' dry climate to reduce lnet 

photosynthesis and growth of the mes. 
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