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The peat bog occupies a topographic depression and has a water table within 10 cm
of the soil surface. Although the bog is surrounded by Lapine soil supporting a mixed
stand of lodgepole and ponderosa pine, only a few small lodgepole saplings are present

on the peat soil.

Seeds

Seeds used in all experiments were collected at an elevation of 4500 ft approximately
seven miles west of Lapine, Oregon. Germination of the lodgepole seed lot was 84
percent, compared with 72 percent for the ponderosa seed lot.

Experimental Design

Five different experiments were run using the cylinders.  All experiments were
completely randomized split-plot designs. In experiments 1-4, soil water level was
the whole plot treatment and species was the sub-plot treatment. In experiment 5,
length of time that the water level was maintained at the surface was the whole plot

treatment.

" Germination
Methods
The first experiment tested the hypothesis that high soil water level did not affect
germination of either species. Soil material from the Wickiup AC horizon was put
through a 2 mm sieve. This material was packed in the cylinders at a density of
0.72 g/cm®. Soil depth was 5 cm. Ten seeds of lodgepole and 10 seeds of ponderosa
pine were planted in each cylinder so that their tops were level with the soil surface.
The free water levels were then adjusted so that water pressures at the upper soil
surface equivalent to 0, -3, -10, -15, and —20 cm of water were obtained in the
different cylinders. Each treatment was replicated four times. Percent germination
values were angularly transformed (Li, 1957) before subjection to analysis of variance.

Results
Greater total numbers of lodgepole seed germinated because of the higher percent
germination of the lodgepole pine seed lot. As free water rose from 15 to 5 cm
of the soil surface, ponderosa seed germination was limited more than lodgepole (Fig. 2
and Table 1). Some germination for both species occurred on saturated soil, but
the number of germinants was very small. '

TABLE 1. F values for split plot analysis of the measured variables for experiments 1 through 4.

Soil water Species x soil
Variable Soil pressure Species water pressure
Germination Wickiup AC 18.13% 24.93% 3.27%
Seedling Lapine Al 2.69 649.92* 2.61
dry Peat 273 184.54* 4.35%
weights Wickiup AC 12.03% 538.79% 2.22
Top-root Lapine Al 0.20 1.85 0.09
ratios Peat 1.40 .81 2.01
Wickiup AC 9.25% 1.21 7.96%

* Significant at the 5 percent probability level.
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Survival and Growth—Soil Water Level

The second, thi{d, and fourth experiments tested the hypothesis that high soil water
level has no detrimental influence on survival or growth of either species.

Methods

In the second 'experiment, seedlings were germinated in perlite; and when one week
old., four seedlings of each species were transplanted to soil in each individual Lucite
cy{nnder. The soil was Lapine Al horizon material packed at a density of 0.70 g/cm?®
Soil depth was 10 cm. Before transplanting of seedlings, water levels wel:e adjusteci
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so that water pressure was equivalent to —40 cm of water at each disk. One week
after transplanting of seedlings, free water levels were changed so that pressures at

various disks were equivalent to 410, 45, 0, =5, 10, -20, =30, and =40 cm of water.

Each water pressure was replicated twice.
In the third experiment, the procedure of the second experiment was followed except

a peat soil was used. The peat was put through a 2 mm sieve and packed into cylinders
at a bulk density of 0.30 g/cm®

The fourth experiment was similar to the second and third experiments, except only
four different pressures were applied at the disk surfaces (410, 0, -10, and -20 cm
of water equivalents) and each pressure was replicated four times. The soil used
was Wickiup AC horizon put through a 2 mm sieve and packed to a bulk density
of 0.72 g/cm®

For all three experiments, seedlings were allowed to grow in a greenhouse for
130 days, the length of time necessary for the majority of trees of both species to set
buds. The greenhouse photoperiod was 15 hours, and average day and night tempera-
tures were approximately 78° and 65° F. Oxygen diffusion rate was then measured
as described by Letey and Stolzy (1964). Five platinum microelectrodes were placed
with tips at 1.5-, 5-, and 9.5-cm depth within the soil in each cylinder for a total of
15 measurements within each cylinder. After determination of soil oxygen diffusion
rates (ODR’s), the plants were removed and soil water content, ovendry weights of
tops and roots, and top-root ratios for the plants were determined.

Results
In experiment 2, where seedlings were transplanted into Lapine Al horizon material,
no mortality occurred even under saturated conditions. Although dry seedling weights
tended to be lower for plants grown under saturated conditions, the lower weight was
not significant (Tables 1 and 3). Weights of ponderosa seedlings were significantly
greater than weights of lodgepole seedlings, but this is to be expected since dry weight
of a week-old ponderosa pine seedling is approximately four times that of lodgepole.
Species differences in weight were not influenced by soil water levels. The ODR's
for this experiment ranged from 0061 x 108 g Os/cm?-min for saturated soils up
t0 0.191 x 10-8 g Oz/cm® min for the driest Al soils (Fig. 3). These values represent .
averages of 15 measurements and they indicate that even the driest soil was pootly .
aerated. There was only a 13 percent difference in volumetric water content between
the wettest and driest treatments (Table 5). _
Top-root ratios averaged 1.7 for ponderosa pine and 1.5 for lodgepole pine (Table -

TABLE 2. F values for split plot analysis of seedling dry weights and top-root ratios for experi

ment 5.

Weeks of Species x weeks
Variable Soil soil saturation Species  of soil saturation
3eedling Wickiup 2.13 42.51% 0.17

ry
weights
Top-root
2.02 11.87% 4.59*

ratios —

* Significant at the 5 percent probability level.
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3). This difference was not significant, and top-root ratios were not influenced by soil
water pressures (Table 1).
For experiment 3 where peat soil was used, survival of both species was again

excellent. A total of four lodgepole pine and two ponderosa pine were lost, none

TABLE 3. Average dry weights of individual seedlings as a function of soil water pressure.

) Dry weights i
Species Water pressure Lapine A1 Peat Wickiup AC Lapine A’Il‘op_;ga‘.)tt m\?f?f:kiup AC
cm of HyO g
Ponderosa pine  +10 0.11 0.12 0.08 1.2 1.7 1.6
+5 18 38 .. 15 14 '
0 17 33 .09 18 24 12
- s 16 a1 17 1.8
- 10 19 56 .10 19 19 1.0
-20 17 44 11 1.8 2.0 9
- 30 17 45 15 20 |
- 40 15 43 2.0 18 o
Average 0.16 0.39 0.10 1.7 1.9 1.2
Lodgepole pine  +10 0.04 0.06 0.02 1.0 1.5 1.2
+s 05 12 . 12 17 )
0 .05 12 5 12 1.8 1.2
-5 05 22 - 1.1 1.7 -
- 10 04 12 04 24 22 1.0
- 20 06 13 03 1.8 22 1.0
- 30 06 09 15 22 :
— 40 .05 a3 18 1.8 -
Average 0.05 0.12 0.04 1.5 1.9 1.1

TABLE 4. Oxygen diffusion rates (ODR) and av i
: erage dry weight and t i indi-
vidual lodgepole and ponderosa pine seedlings asgf;1 fimcti:xg rg?t l::t;odsz ocff “:gx}l

saturation.
Dry weight T i
Length of ‘op-root ratio
soil saturation ODR x 10-6 Pox;;iit;:]iosa Loi%:]:ole Porﬁfm?sa Logiiipde
weeks g O;/cm®min g
g% . 022 Ogg 0.1‘8i 0.57 0.58
- . .1
12 40 42 20 Igg Igg

TABLE 5. Avera il :
.Expeti%ge::t); Zage,r ::g tf{lt by volume as a function of water pressure at the disk for

‘Water pressure Soil
at disk Lapine Al o v?;:: conrent Wickiup AC
cm -tf Hy0 cm3/ cm3
10 0.62 0.
T (5) g; 3(5) 0.73
-5 55 8 o
- 10 53 86 52
- 20 51 72 48
- 30 S1 .68
- 40 49 70 o
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