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Plant moisture stres.i (PMS) regimes over the sum- 
mer were determined in planted Douglas-fir seedlings 
in cle'ircut and partial-cut blocks On the south slope 
clearcut, PMS reaches levels that after June could ser I-  

ously ieduce seedling growth. The PMS of the clearcttt 
plots exceed., 15 atmospheres at midmorning in June, 
but piti tizrl-cut plot5 do not exceed this level until Sep- 
tember. The greater PMS of the south clearcut plot has 
not retarded height growth of the Douglas-fir. This is 
the only plot, however, on which regeneration stocking 
i5  nor adequate. 
Oxfoid: 174.7 Pseudorsi~ga menziesii: 422.2: 181.31: 
182.28. 
Retn'i~val Terms: Douglas-fir; moisture stress; aspect 
(plant cover); crown cover; canopy; regeneration. 

Plant moisture stresf (PMS) is an integrated 
measure of the balance between available soil 
moisture,  climatic environment ,  and the 
physiological status of plants. Because moisture 
stress is a key element in regeneration, PMS may 
serve as an index to evaluate potential for seedling 
survival and growth. On many sites in northwest- 
ern California, moistrare stress during the summer 
deters successful stand regeneration. Forest Sur- 
vey statistics for Humboldt County indicate a 
conversio~a of commercial conifer sites to non- 
commercial brush as the result of poor regenera- 
tion following harvest.' The micmenvironment 
after harvest is undoubtedly important to success- 
ful stand regeneration; le\sel~ing moisture stress 
by leaving a partial canopy may be expected to 
irnprove the survival of planted Douglas-fir. 

On hot dry sites a residual canopy should ease 
the moisture stress by reducing temperatures, 
slowing wind movement, and increasing relative 
humidity. As a result, planted or natural seedlings 
shorald have a greater probability of survival. This 
study looks at the effect of a residual crown 

I canopy and aspect on seasonal and daily PMS 
trends of some well-established Douglas-fir. 

EARLIER STUDIES 
The amount of soil water available for plant 

physiological processes is an important controller 
of plant growth. Plant water conditions, not soil 
water, should be studied, and according to 
Kramer,' in experiments dealing with water and 
plant growth, the: PMS should be measured. In a 
laboratory study hy Cteary,' the photosynthetic 
rate of Dougla\-fir seedlings dropped from 66 
percent at a PMS of 15 atmosphere5 (atm.) to 36 
percent at 20 atm. In addition, a water deficit is 
seen by Slatyer4 to reduce plant growth because 
\romaia closure reduces carbors-dioxide uptake, 



Table % -Ch~rii~te~istics oj 1-acre plots selected te sample plant moisttire stress ojplanted Don:gias-j~, 
Six Rivers N~iionazai Forest, CaNforniu 

Characteristics 

48 18 

Regeneration: I 
Douglas-fir ............. treeslacre' 0 403 100 300 
True fir .................. trees/acrel 0 1600 1 00 2200 

'Trees per acre X 2.47 = trees per hectare 

and as a conseqrlence, :ail biochemical processes. 
Waringc reportetl that at approximately 18 atm. of 
PMS, growth ceased in Douglas-fir 1 to 2 rn tall. 

Microclimate of a stand directly influences 
plant PMS, especially if the soil moisture is low. 
Waring and Cleary" found that PMS may be as 
many as 6 atm. lowef on shkuled khan unshaded 
trees. Reducing the radiation by increasing shade 
will reduce temperatures and evaporation; in- 
creased shade resulted in higher survival of 
natural Douglni-fir, ial a study by Tappeiner and 
H e l r n ~ . ~  This study iilsc~ showcd that soil moi.;l:u~.e 
strew on nil test \ifes reitch( (l 15 ;tfm. by sum- 
I I I C ~ ' $  end, !put 'the sctluccd cvaporiation ;nllt~wccl 
4eedBings to survive the l;alc surnmer droetght. 
Shade also improvett the xri~viv:af of planted 
DosegBas-fir, in a study by Mlrtore." 

STUDY AREA AND I$IETWODS 
The study area is in eastern H~mbslde County, 

on the Six Rivers National Forest on the granitic 
Ironside Mountain batholith. Plots ranged from 
4580 to 5080 feet ( 1378 to 152"im) in elevation, 
where snow cover ic common, especially o ~ i  
north-facing slopes. Of the akerage annual prs- 
cipieaticlm of 50 to QO inches ( 197 to 152 crn);, 80 
percent falls between Noventber anci March. 
Soil\ of 111) the plots ;are in inhe Neuns \eries9-- 
well-ds.iained, coarse, tateritic \oils derived from 
igneoe;.; piarent m:ateriitls. Netit~s soil\ generally 
clcvclapp ctn \tcg.p slopes I I ~ O V C  4000 feet ( 1720 111) 

:inti ~ ( ~ C I I  h;cvc :I high erc\\ies!t B-niazalJ hnllowirlg 
loggiiiig. 

The. daily and se:r\on:al pittl~.rns of HPMS were 
derel.nrined on four I-ttcre (0.405 ha) plots laid oart 
on north and south slopes ofpnrkial-cut and c!eale- 
cut blocks(ftri$le I ) .  All cutblocks were planted in 
1963 with 2-0 seedling\ of Do~~glas-Bii- iP\c~rrc/or- 

.s~rgtr riret~zic,.\ii [Mirb.] Franco). On each plot, six 
Douglas-fir between 3 and 18 feet ( I  to 3 m) were 
selected f o ~  BMS sampling, which was scheduled 
at monthly intervals starting in mid-June and end- 
ing in September. Trees of this size were chosen 
so that they would not be seriously defoliated by 
repented foliage clipping. 

Brush cover was estimated at five points (de- 
termined ar random azimuths and distances) 
around each plot center. A 20- by 20-ftjot subplot 
was established at each loc;ttion. Brush crown 
diitmeters were mapped on the subplots; the per- 
centiage of crc~wn cover was estim;itctl from these 
maps /lohlc I). 

I<ege.ne~.:trion of llie I-acre plots \vas sitmpled 
with twrr militc~.e ytradrar\ in eiich of [kc brush 
\uhplolb ( I ~ I I ? / c  I ) .  No planted Dotlglas-fir were 
found on the 10 mndotn milac1.e quadrats of the 
south clearcut plot. However, Douglas-fir were 
ft~und on the larger brush plots, outside the quad- 
rat\, at a surviv;al rate of 44 per acre (l7.8/ha). All 
p10ts except the south clearcut have natural true 
fir seedling\, and the south partl;il cut plot also 
showed 196 planted ponderssa per acre (79.41ha). 

Percent of full 4unlight (rtrhlc~ I )  was estimated 
at one corner of each of the five subplots, using 
the unthracene-benzene solution m e t h ~ d . ' ~  The 
five ri~ndum points in each plot were sktmpled on 
fottr consectltive day., in August 1974. Each day a 
vial of 5olurictn was placed ;tr each point ,tnd ex- 
pct\eJ for 13 hours. Ruff-colored towel\ were 
\I\L'cI  i i \  a \t.inrlurJ huckgruund (;lr the fit*lil ;ind 
c,~libr.,ttio~~ \ iitls. 'I'he ~itlihriitiot~ CILIYC" I I ~ C C I  (O 

c\rinl:tlc ligl~t Wit.; it lineiir regrex4ic~t~ of tranhmil- 
ttrnce value5 of the solution and light meter read- 
ing\ under 0, I ,  1, 4, and 6 layers of window 
\creen. 

The PMS of each sample tree was determined 



t..efo~r ditwn. ;it n~l~ i~no in i~~gI :~ i f i c  bl:Odl i a -n~ . ) ,  13'1d PhAS n.,ite\ of trees on the north clez~i-cur and par- 
&ig;iin irt nliddirgr (sifter 82:00 p,m. i .  E w h  t~ ee w;eP rial d r ~  slot iarnc~eabe appreciably until the Sep- 
i~l-~iccte"et to the full day 5eqaiemcs wf te\r\ twice iemiser tests, Over the suni~rner both \orrtk ;ispect 
altrliiag a -$-day ptritrd in J u n e ,  July* Ae~gra\t, and plot\ \kiiiw ;la appreciiable increase between July 
t~ascr in  S~l^i?elnhc~ I7oli;lg: \;ailil~le\ W C I C  k ~ ~ r ~ ~ l l  rind A~agi:sk, The north-facing plots do no:: In- 
lutp"l 3 L I I ( ' J I C ~ ~ ,  ( 5  I o  1:) ~111) l i . 1 1 ~ ~  tlihich t 9 ~ ~ 1 e  ~ie . ;~se  in B%MY ,it such a ~;rte until Scpterr~bel, 
i111178~~l~;alc~y fd;h~'("d 111 tlac g ~ t  . ,tile / B $ ~ I I I ~ I V I  M i d t t ~ i ) ~  l ~ i r r ~  I ' M 3  ~ i i l t l ~ l i h  i l l  J u n u  ;~raJ Italy are 
P~c\ \a~lc  u;n i8pplae.d I r )  the li~li,ii:c c,f tire twig ;if I i i l t l i l ; ~ ~  . t p l l t  ;1 a7t1011g t~pw:ird trend dt*vc1op\ iu rhe 

I of I t o  2 atm. per kee 'o t~~ l  '1 he tree PM'i south cle;rr cut p1of aftel July,  The rscuth cletai: u t  
iccolded was ~ R i i t  pr'e.rsure at which a bead OF and pnitiial cut plotr do mot show this zinrrotsnt of 
tnoisture appeared on IP-rc expc>wd cut errd of CRC PMS increase until September. The June mid- 
twig. -1 rce\ ira the qii1 were \;in2illed on the ihadv mcrrning PMS plot averages are lacst very differ- 
%icie. ent, but throughout the rest of the summer there 

are greater differences between plots (tcihlar 2). A 
RESULTS ctrmp;~~ison of averages between plots showed 

By mid-Jurse, when the first PMS determina- rhzie in Wugu4e and September the south clearcut 
eions were made, trees on the n~)rtta-iracing slopes plot i \  r n ~ ~ c h  higher in PMS than the other plots. 
hiad not begun leader growth. It the qame "rime, Across months, the PMS of the partial cuts does 
the arcer of the south clear-cut plot had virtually not change much until September. Midmorning 
cc~mpleted their leader growth. At the June pre- PMS of both clearcut plots exceeds 15 atm. in 
dawn test PMS was less than 8 atm. on all the June; and except for theJune north partial cur, the 
plots (rsihlc 2). A n  analysis of predawn results partial CLIPS do not reach this level until Sep- 
indicictes very little difference hetween plots dur- tember. 
ing the June trbts. In contrast, the July, August, The midday PMS values have a narrow range 
and Septemberpred~rwn PMS rdes  show increas- throughout the summer, and except for the south 
ing difference.; between ploti: during these 3 clcta~cut, a rather small increase from June to 
~ ~ ~ t ~ n t h : ,  the. PMS on the south clearcut plot is September. fhe June midday values of all plots 
iilway\ much higher than on the other three plots. are not much different. By September the south 
Bay Jelly only  tree4 on the soulh slope clearcut clearc~lt plot has increased somewhat more than 
4how it \~h\tuntiitB increase in predawn PMS. By the other plots. Note, however, that by Sep- 
Augel\t thebe wme ITCe6 show an increase in PMS tember ;rll glitrs reach a PMS of nearly 20 atm. or 
to level more than twice that r) f  June. Predawn more hy the middle of the day. 

Table 2-Sumrsaary (3Jr plant moisture .gRe&s of planted Douglrrs-fir on four logged plots, Six 
Rivers &ticma2 Foreft, C~'nli@vnia, summer 1974 

0.9 10.5 I .9 9.0 I .9 
1.4 1 2 4  1.8 i5.5 1.4 17.4 2.2 

Midmorning 

2 0  1 7 1  1.4 14.6 2.3 15.8 2.7 
2 0  1 5 1  1.2 12.6 2.1 14 8 2.0 
1.4 1 5  3 2.1 13.2 2.0 14.7 1.6 
0.8 2 0 4  1.5 20.1 1.9 19.0 1.7 

Midday 
1.4 1 6 4  1.0 17.8 1.3 16.9 1.8 

0.9 15.6 1.3 1'7.2 2.7 
1.2 19.7 2.2 20.1 1.4 
2.1 20.7 0.8 21.1 1.6 



Avei;lgc total height and heighk prs~wth value* 
f i , i  the ielrcted PMS trees sic highe~pt on tltc 
south clcarcear plot Imhit 3). 'Thcr'e are aso str011g 
diffci.cnce\ hetween the ;average total height$. biit 
the current height g r o ~ ~ t h  of the south clearcnil 
plot is much greater Ih,ln that or the other plot?, 
Tile north piareial-cut g_71ot height growth i s  alw 
shown to I-~s muck le44 fliian that of the norhit1 
cle;t~.sut. but not difkrent f~x~rn thkst of the soutlr 
p a  iiirl cut. 

Table 3-Height tlnd growth of the pknted Donrgikzs-PP; 
srlpnple trees. Six Rivers Nationob Fowegf CaI$hprr~io 

Clearcut block: 1 
6X,3 5 9  6.8 0.6 
5X.S 1 1 2  5 .  1.9 

Pitrtial-cut hlock: 
62.2 21.3 4.0 0.7 
4'i.T 8 2  1.8 0.7 

"nches X 2.54 = height in ern. 

The regeneriation survey or1 these acre plots 
indiciate\ that \torsking of only rhe south clearcut 
i \  inudequstte trtihle !I. The principal problem of 
this clearcut plot is poor seedling survival. not 
height g~xjwth. The south partial-cut paot and both 
north slope plots have adequate survival of 
planted seedlings plus a ccPmponent of naturally 
seeded true fir. 

DISCUSSlON 
Predawn PMS reflect\ the cunlulahive seasonal 

use of the available soil water. After sunrise the 
PMS l.epresents a tree's complex reaction to the 
soil nttter, and its increased tr;tnspirational achit - 
ity. By September all predaw~t PMS values ex- 
ceed the 18 atm. that Cleary' fcjund cut Douglas- 
fir photrpsynthesis to nearly i O  percent of i t \  
miiximum :at 8 ;arm. By inidmor~ring both cle:arcur 
plots reach approximately 95 percent of their 
middity Icvels, while partial cuts reach about 85 
percent. The effect of shade is most apparent in 
the midmorning tests, when shitded trees were 
often 5 11, 6 atm. less than trees in the sun. As a 
consequerlce PMS variittion is somewhat greater 
on the partial cut plots. 

Effects ofthe residual crown canopy on the plot 
PMS trends are not entirely clear because the 

north cle;srcvr: often had a lower PMS than the 
par-ti tI cuts. Except forJune. the predawn vahlles 
ofthc south clearcut plo"fI$MS are always greater 
than  the south partial cut, Although basal artxi is 
nor a direct measure of canopy cover, it is an 
eaqt'ly measured index of the stand de~~s i ty ,  and 
sunhght is s!.mnwn no decrease rapidly on both 
nsrtla and south aspects ai basal area increases 
{tuhir I). An irmmportant factor of the effect of 
crown cover on eke PMS is the duration of time 
during daylight that the PMS might reach levels 
that could inhibit tree photosynthesis. Cleary3 
found that an increase from 16 to 20 atm. reduced 
the rate of D(iuglas-f r photosynthesis from 59 to 
35 percent of its maximum. Midday PMS of all 
plots exceeded 16 atm, in June, so thegrowth rate 
was probably less than 60 percent of maximum 
afier noon. By mid- August the PMS of the trees 
on the south elearcut plot exceeded 20 atm, by 
mid-morning, so photosynthetic rate was perhaps 
ilew than 35 percent for the rest of the day. On the 
other three plots we would not expect the rate of 
photosynthesis to be less than 50 percent until 
September. By late August most trees had ceased 
growth on both north and south slopes. 

Any advantage that a lower PMS has on the 
partiaEcut plots and the north slope clearcut is not 
apparent in the results of the tree height growth 
measurement (tnble3). The south clearcut has the 
best height gr-owth sate. On this plot the growing 
seascln (a function of soil and air tempratures) 
coincides with the period of high soil moisture. 
increasing the site growth potential. Warm temp- 
eratures in May and June provide an opportunity 
for early seasonal growth at these high elevations. 
Trees of both north slope plots showed no evi- 
dence of bud expansion by early June, indicating 
temperatures were still too low to start tree 
growth. Later, when the temperatures on the 
nc~rtkr slopes increased sufficiently to trigger 
growth, the daily PMS rates had begun to reach 
levels that realuced the rate of photosynthesis. 

The result\ sf  this study have two important 
implications fur stand management. On hot dry 
slopes, a partla1 cut to increase shade will moder- 
ate the PMS .~nd improve the survival of planted 
Douglas-fir. [his partial crown cover could be 
hardwood or inarginal conifers that would be re- 
moved after the planted seedlings become well 
established. On the cooler north slopes clearcut- 
ting may be required to obtain the maximum light 
and hear to start tree growth before water stress 
becomes limiting. 
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