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ADVANCED EVALUATIONS OF GIANT REED: 
111. SURVIVAL AND SPREAD STUDY (1983-1986) 

Abstract 

Four accessions of giant reed were evaluated for survival and spread for a 
period of four years at the Coffeeville Plant Materials Center. PI-432432 was 
selected as the best on overall performance although PI-432430 was the more 
cold-tolerant and PI-432429 had a greater basal spread. Because accessions 
never tested at Coffeeville have performed better than PI-432432 at the Plant 
Materials Center at Brooksville, Florlda, PI-432432 and five other accessions 
are undergoing further tests at both Plant Materials Centers. 
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* Introduction 

Fourteen accessions of giant reed (Arundo donax L.) were evaluated for 
streamchannel and shoreline erosion control at the Coffeeville Plant Materials 
Center (PMC) from 1976 through 1981, and four accessions were considered 
superior to the others because of better vigor and stem and rhizome production 
(Coffeeville PMC, 1982a). The four accessions o f  giant reed were: 
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I PI -Number Origin 

432420 
432429 
432430 
432432 

Collected in Yalobusha County, MS, by B. B. Billingsley, Jr. 
Obtained from the Knox City PMC. 
Obtained from the Knox .City PMC. 
Collected in Cuthbert, GA, by James P. Bradley. i 

Plans for advanced evaluation of the four accessions were developed in 1982 
(Coffeeville PMC, 1982h), and studies were Initiated to determine how different 
planting conditions would affect their establishment from rhlzomes so planting 
guides could be prepared and to gain additional information. The first of these 
studies was initiated in 1982 to determine the effect of planting depth. The 
studies showed that a good stand could be obtained under more adverse conditions 
than previously believed (Coffeevllle PMC, 1982a.) 

In 1982, another study was initiated to determine how establishment might be 

year. 
June appeared to be the best month for planting but establishment was almost as 
rapid when planted from Aprll to September. (Coffeeville PMC, 1987a). 
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affected when the rhizomes were planted at different periods throughout the I 

' 1  The test showed respectable survival for rhizomes planted I n  any month. 

1 



-2- 

I n  1983, a s tudy was made t o  determine how establ ishment might  be a f fec ted  when 
the rhizomes were p lan ted  i n  a somewhat haphazard p o s i t i o n  as might  happen i n  
ac tua l  s i t ua t i ons .  The study showed t h a t  an acceptable number o f  p l a n t s  could 
be es tab l ished f r o m  rhizomes i n  a l l  posi t ions.  The normal growing p o s i t i o n  was 
best,  b u t  the advantage would probably n o t  be worth the  a d d i t i o n a l  t r oub le  o f  
p l a c i n g  the  rhizomes i n  the proper  p o s i t i o n  ( C o f f e e v i l l e  PMC, 1987b.) 

Another s tudy was i n i t i a t e d  i n  1983 t o  determine how w e l l  the f o u r  accessions 
would su rv i ve  and spread over a longer pe r iod  o f  time. Th is  is a r e p o r t  f o r  
t h a t  study. 

M a t e r i a l s  and Methods 

Twenty rhizome sect ions o f  normal p l a n t i n g  cond i t i on  were se lec ted  from each o f  
the f o u r  accessions. P r i o r  t o  p lan t i ng ,  each sec t ion  was weighed and the number 
o f  buds counted. The rhizomes were p lan ted  a t  a depth o f  f i v e  Jnches (12.5 cm.) 
on May 18, 1983, i n  the  advanced eva lua t ion  area i n  Oakl imeter !jilt loam (0-2% 
slope) t h a t  had been plowed f o r  weed cont ro l .  

A randomized complete b lock design was used w i t h  f o u r  r e p l i c a t i o n s .  Each p l o t  
consis ted o f  a s i n g l e  row o f  f i v e  h i l l s  o f  one accession. Rhizomes were 
randomly selected and p lan ted  f i v e  f e e t  apar t  w i t h i n  and between rows. 

Evaluat ions consis ted o f  record ing the  number o f  emerged stems f o r  each h i l l  a t  
one, two, three, and s i x  month i n t e r v a l s  a f t e r  p lan t ing .  A t  t he  end o f  the 
growing season, the number o f  stems and average he igh t  and width o f  each h i l l  
was recorded. 

A t  t h e  end o f  each growing season, one h i l l  from each p l o t  was randomly selected 
f o r  digging. A i r  d r y  weights o f  the underground (RHIZOME) and above ground 
(STEM) p o r t i o n s  were  recorded. Because several p l o t s  no longer  had shoots f o r  
t he  f i f t h  growing season a l l  the  remaining h i l l  were dug a t  the end o f  the 1986 
growing season and the  study concluded. 

Resul ts  and Discussion 

Table I shows the  number o f  buds per  rhizome when p lan ted  and the  number of 
stems counted on each eva lua t ion  date. Although some o f  t he  counts were made i n  
the  w i n t e r  o f  the  f o l l o w i n g  year,  they represent growth o f  the  year  ind icated.  
Table I 1  conta ins the average he igh t  and width of each h i l l  a t  the end o f  the 
growing season, and the weights a re  shown i n  Table 111. 

Because o f  miss ing  h i l l s ,  the ana lys i s  o f  data consis ted p r i m a r i l y  o f  comparing 
averages. A t  p lan t i ng ,  the rhizomes o f  PI-432432 were heavier  and had more  buds 
than the  others, bu t  because o f  the variance, the accessions were n o t  s i g n i  i- 
c a n t l y  d i f f e r e n t .  
rhizome weight  o r  the number o f  stems produced l a te r .  

Ne i ther  was the  number o f  buds c l o s e l y  c o r r e l a t e d  w i t h  

Therefore f o r  shipping purposes, the accession w i t h  the l i g h t e s t  weight wou 
favored. I f  weights o f  the 20 rhizomes are  representat ive,  sh ipping weight 

d be 
Pe r  

I 
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1000 would be: 

PI-Number 

432420 
432429 
432430 
432432 

K i  1 ograms 

144.65 
133.75 
133.80 
168.05 

Pounds 

318 
294 
294 
370 

A f t e r  p lan t i ng ,  however, the two accessions w i t h  the l e a s t  weight appeared t o  be 
l ess  promising. PI-432432 and PI-432420 showed the bes t  establ ishment and stem 
product ions a l though the  d i f f e rences  were no t  s i g n i f i c a n t  a t  the  end o f  the 
f i r s t  season. The data agreed c l o s e l y  wi th  t h a t  obta ined i n  the  depth and 
p o s i t i o n s  s tud ies  ( C o f f e e v i l l e  PMC, 1987a; 1987b). Because the  depth study was 
evaluated l a s t  i n  August, data f o r  t h a t  month are  used f o r  the  fo l l ow ing  
comparison, 

% E s t a b l i  shment StemlRhitome Ra t io  

432420 432429 432430 432432 
-7 - STUDY 432420 432429 432430 432432 - --- 

Spread 100 95 90 100 8.0 7.6 7,4 9.2 
Depth 68 79 74 80 4.4 3.5 3.4 3.8 
P o s i t i o n  75 87 72 82 7.0 6.1 6,,0 7.9 

Average 81 87 79 87 6.5 5.7 5,,6 7.0 

The w i n t e r  o f  1983-1984 was unusual ly  co ld  ( C o f f e e v i l l e  PMC, 1983) and several 
h i l l s  perished. The accessions h i t  most severely were PI-432420 and PI-432429. 
The accession showing the  l e a s t  damage was PI-432430. A comparlson o f  w in te r  
s u r v i v a l  w i t h  data i n  the p o s i t i o n  study showed a reverse i n  the p o s i t i o n  o f  
PI-432429 and PI-432430, however, the ranking remains the  same a f t e r  averaging. 
Percent t h a t  d i e d  i n  the  w i n t e r  was: 

432432 -- - STUDY 432420 432429 432430 

Spread 45 42 5 25 
P o s i t i o n  47 20 35 24 

Average 46 31 20 25 

Although p l a n t i n g  cond i t ions  i n  some o f  the above s tud ies  represented d r a s t i c  
d i f f e rences  from the  normal, the data f o r  the th ree  s tud ies  showed tendencies 
t h a t  were s i m i l a r  t o  t h i s  study, F o r  the  remainder o f  t h i s  spread study, com- 
p a r a t i v e  data were no t  a v a i l a b l e  from o ther  studies. 

The data sumnarized below show increased growth over the eva lua t ion  period. A 
comparison, espec ia l l y  f o r  PI-432420 and P1-432429, may be mis leading because o f  
miss ing h i l l s .  However, su rv i va l  i s  a determinant i n  the se lec t i on  o f  the best 
accession. 
assuming the shape t o  be c i r c u l a r .  The CORRECTED data was ca l cu la ted  t o  account 
f o r  the h i l l  t h a t  had died. 

The area covered was ca lcu la ted  us ing the  w id th  f o r  each h i l l  
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UNCORRECTED 

YEAR 432420 432429 432430 432432 
CORRECTED 

432420 432429 432430 432432 

............................... AREA (sq. meters)------------------------------- 
1983 0.168 0.129 0.120 0.157 0.084 0.071 0.102 0.110 
1984 0.536 0.526 0.515 0.289 0.268 0.289 0.438 0.202 
1985 1.003 0.851 0.375 0.898 0.502 0.468 0.319 0.629 
1986 - -  2.400 1.186 1.451 - -  1.320 1.008 1.016 

........................ STEM DENSITY (number/sq. meter)------------------------ 
1983 130 170 207 190 
1984 109 74 101 135 
1985 

65 94 176 133 
55 41 86 95 

79 69 138 77 40 38 117 54 
57 1986 

Ave. 106 94 127 115 
- I_ - 63 - 61 - -  - 

........................... STEM MASS (Kgm/sq. meter)-----------.---------------- 
1983 6.61 9.38 8.83 . 9.43 3.30 5.16 7.51 6.60 
1984 9.05 4.45 4.80 7.78 4.52 2.45 4.08 5.45 
1985 11.00 16.56 16.40 8.11 5.50 9.11 13.94 5.68 

10.49 7.05 10.71 - 1986 - 
Ave. %k 10.22 TZ!7 9.01 

......................... RHIZOME MASS (Kgm./sq. meter)----------.--------------- 
1983 10.36 14.03 10.67 15.03 5.18 7.72 9.07 10.52 
1984 39.94 26.25 19.15 46.61 19.97 14.44 16.28 32.62 
1985 19.94 28.58 28.96 14.71 9.97 15.72 24.62 10.30 - -  22.14 13.00 17.28 ----  1986 - 
Ave. 23.41 22.75 17.94 23.41 

- -  12.18 11.05 12.10 - - --  11.71 12.52 15.26 16.39 

The preceding data showed that as the basal area of all accessions of giant reed 
was increasing, density of the stems was decreasing. 
per unit area was calculated and the result did not show any definite increase 
or decrease from year to year. The, same situation exlsted underground. Without 
the correction for survival, the superiority of any accession would have been 
even less clear. However, the data dld show that PI-432430 had more stems per 
unit area although data for height and biomass were not considerably different 
from those of the other accessions. Stems within any hill vary in height and 
diameter, but calculations showed that the stems of PI-432430 to be more slender 
although closer together. A1 though stem density could be important in breaking 
waves, it was considered to be less important with this species where the 
stouter stems would not be as prone to break from the force of the water. The 
relative thickness of the stems of the four accessions is shown as follows: 

For this reason, the mass 

Average Stem Weight 
(Grams /Meter i n Length 1 PI -Number 

432420 
432429 
432430 
432432 

25 1 
337 
227 
287 
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Consideration should also be given to the underground portion of these plants 
for erosion control along lakes and streams. During the winter when much ero- 
sion occurs, the rhizomes are the parts that hold the soil. Since most of the 
mass of giant reed was underground, an average rhizome weight: stem weight 
ratio was calculated to determine the relative ability o f  each accession t o  
assimilate underground mass. The results are as follows: 

P I - Numbe r 
432420 
432429 
432430 
432432 

Rhizome WtJStem Wt. Ratio 

2.60 
2.81 
2.16 
2.75 

In all of the preceding examples, the outstanding production for PI-432420 and 
PI-432429 may be because the weaker hills died in the winter of 1983-1984. 
was taken into consideration in many instances in the CORRECTED data. How they 
would have performed if the unusually cold winter had not come at that time is 
not known. Sub-zero temperatures are comnon, however, north of Coffeeville so 
their useful range would be to the south. For colder climates PI-432430 may be 
best. 

This 

Conclusion 

When all of the factors were taken into consideration, PI-432432 ranked near the 
top in all categories. To select the best, the accessions were ranked from the 
best to worst with the best being number 1. Then the scores were averaged as 
follows: 

432420 - FACTOR 

Shipping 
Survi val 

Establishment % 
Stem/ r h i zome rat i o 
Cold Tolerance 

Spread (Area-Corrected) 
Stems 

Density (Corrected) 
Size (Diameter) 

Rh i zome s 
Dens1 ty (Corrected) 
Wt. ratio 

Average Rank 

3 

3 
2 
4 
4 

3 
3 

4 
3 
3.22 

432429 - 
1 

2 
3 
3 
1 

4 
1 

3 
1 
2.11 

432430 

2 

4 
4 
1 
3 

1 
4 

2 
4 

3.tS 

432432 - 
4 

1 
1 
2 
2 

2 
2 

1 
2 

1.89 
- 

PI-432432 had the best scores of the four candidates at Coffeeville. However, 
five other accessions, some never tried at Coffeeville, scored higher at the 
Plant Materials Center at Brooksville, Florida where an assembly of giant reed 
was also being considered for erosion control (Brooksville PMC, 1.986.) Since 
the demand for giant reed will probably not justify two releases, both the 
Coffeeville and Brooksville PMC are continuing advanced evaluations of the t op  
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s i x  which are: 

Accession O r i g i n  

432425 S t a r t  County, Texas 
432427 Sumter County, Georgia 
432432 Randolph County, Georgia 
9035155 Ware County, Georgia 
9035156 Wal ton  County, F1 o r i d a  
9035262 Leon County, F l o r i d a  
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TABLE I. STEM PRODUCTION FOR FOUR SELECTED ACCESSIONS OF GIANT REED 
AT THE COFFEEVILLE PMC (1983 - 1986) 

----- . 

3/8/85 1/13/86 1/28/87 .' 

--------". -..---.- - ------..----".. --.- -.---,.-.--.-I ---_.--...-._-- 

-.- -.---.----.---~-I--~--__ ---------- 

Buds at Number of Stems on Evaluation Date 
Hi11 Planting 1983 Growth 1984 Growth 1985 Growth 1986 Growth 

No.  5/18/83 6/13 7/15 8/15 11/17 

......................... pI-432420 ......................... 

1 
2 
3 
4 
5 

A v e .  

1 
2 
3 
4 
5 

Ave. 

1 
2 
3 
4 
5 

Ave . - 

1 
2 
3 
4 
5 

Ave . - 
PI Ave. 

BLOCK A 

3 8 19 * * *  * **  
13 85 * * *  ***  

* * *  3 1 

1 2 

** * *  37 * *  3 1 3 12 
3 1 1 14 

- - - - - .  29 63 1 3 8 7 
3.4 

**  
* * *  

'k * 4 8 23 * *  , 
'7 7 - -- 

1.2 2.8 10.0 24.2 74.0 77.0 

1 
3 
4 
4 
1 

2.6 
- 

1 
1 
1 
1 
1 

1.0 
- 

3 
5 
2 
1 
3 

2.8 
- 

7' 
5 
5 

11 
7 

7.0 
- 

BLOCK 
33 
23 
18 
11 
35 

24.0 
- 

B **  
* *  

* **  
* *  
* *  

* *  
* *  

* * *  
* *  
* *  

BLOCK C 
* * *  * **  
55 52 

11 10 

4 6 24 
1 3 8 21 
2 8 3 
4 6 8 25 
- -. 22 3 5 

2 2 
3 
1 
1 

* * *  36 29 

* *  - ** 
31.7 31.0 

- - - .-- 2 - 1  
1.8 2.0 4.8 6.0 25.6 

**  
* *  

***  
* *  
**  

* * *  
* * *  
* * *  

****  
* *  

BLOCK D I 

* * *  ***  25 79 

2 8 26 * *  

3 3 5 10 
1 
3 
2 1 
4 2 4 11 

2 4 8 26 * * *  * * *  
1 3 8 34 34 109 * * *  

***  
* *  
**  

* x  I 

- -- - -. -- - - 25 25 * *  
38.0 1 0 9 , , 0  2.6 1.8 3.6 9.0 27.2 

1.5 3.5 8.0 25.2 43.3 --------------- -----. 2.6 ----- 62 .I 0 .-.-- ~- 

* Rhizome never sprouted. 
**  Died in winter of 1903-84. 

***  Dug to obtain weights. 

I 
I 

I I---- 



Table I continued. 

1 
2 
3 
4 
5 

Ave . - 

1 
2 
3 
4 
5 

Ave . - 

1 
2 
3 
4 
5 

Ave . 
1 
2 
3 
4 
5 

Ave . - 

2 
3 
1 
1 
2 

1.8 
- 

3 
3 
1 
3 
4 

2.8 
- 

3 
4 
7 
4 
1 

3.8' 

2 
2 
2 
2 
4 

2.4 
- 

PI Ave. 2.7 

1 
1 
5 
0 
1 

1.6 
- 

2 
2 
0 
2 
1 

1.4 
- 

1 
1 
2 
1 
1 

1.2 
- 

1 
3 
1 
1 
3 

1.8 

1.5 

- 

3 
2 
5 
3 
6 

3.8 
- 

5 
3 
0 
5 
3 

3.2 
.__ 

3 
3 
6 
3 
3 

3.6 
- 

3 
5 
2 
4 
6 
4.0 
- 

BLOCK A 
8 34 20 

22 **  
10 17 ** 
7 14 * * *  
8 

* *  - 19 -- 9 
8.4 21.2 ,20.0 

BLOCK B 
***  8 28 

12 24 * *  
0' 0 * 

20 53 7 
-. 9 - 19 - ** 
7.2 18.2 53.0 

Rl,O!!l( t !  

31 75 
8 28 ***  
8 36 81 

23 39 6 
31 5 20 

10 

- --  
7.4 27.6 56.5 

BLOCK D 
6 22 **  
8 22 * *  
7 18 ***  
7 22 44 _ _  * *  - -- 8 29 

7.2 22.6 44.0 

* * *  
* *  
* *  

* * *  
* *  

* * *  
* *  
* 

***  
* *  

92 

136 
* * *  
* * *  
59 

95.7 
- 

** 
* *  

***  
* **  
* *  

***  
**  
* *  

* * *  
* *  

* * *  
* *  
* 

* * *  
* *  

137 

154 
***  
*** 
**  * - 
145.5 

**  
* *  

* * *  
* * *  
**  

49.0 95.7 -- 145.5 ---- 3.6 7.6 22.4 ------------ -- 
* Rhizome never sprouted. 

* *  Died in winter of 1983-84. 
* * *  Dug to obtain weights. 



1 
2 
3 
4 
5 

Ave. 
- 

1 

3 
4 
5 

Ave. 

.-I *L 

- 

1 
2 
3 
4 
5 

Ave . - 

1 

3 
4 
5 

Ave. 

.- 

- 
PI rive. 

3 

,:$ 

5 
7 

4. 8 

r .5 

- 

4 
El 

5 
11 
7 

6.6 
- 

- 
73.0 



1 
2 
3 
4 

Ave. 
c 4 --. 

PI Ave. 

2 
.L 
5 
3 
7 

3 .  Ej 

..- 

- 

3 
:3 
r:' 

A 
2. d$ 

,- 

k ..- - 

3 
3 
3 
1 

2.6 
1-l 3 - 

7 
2 
3 
3 

3.6 

3.1 

,-I 
3 - 

11 
4 
&a 

F, 
4 

5. 4 

.- 

- 

3 
4 
4 
8 
1 

4.4 

6 
7 
3 
5 
6 

5. 4 
- 

3 
3 
-7 
7 

11 
6 . '2 

J .  4 

- 
F 

I. a 
21.a 
- 

1R 
13 
15 

.)(. 

.I. .)(..I(. 

15.3 

49 

4 4 
c '7 b J  .3 

* .k +I. 
.N .)(. - 

48.7 

* Rhizome n e v e r  spro i - i t ed .  
** D i e d  i n  w i n t e r  o f  1983-04. 

**% Dug to  o b t a i n  w e i g h t s .  
*u+)(. Tji ed froin unknown cause. 

-- l---------li---- 
I 



TABLE I I. HEXGI4T AND W IUTH OF: WILLS OF GIANT REEI) FRflM SINi3LE RHIZOMES 
PLANTED 5/18/83 AT TtIE COFFEEVILLE PMC 

H i  11 He ight  ( i n .  5 Width ( i n .  :) 
NO. n/U3 11/83 1- 8/83 11/03 1'384 1485 1986 

_I-- 
- 

1 &$ CI 

2 48 
3 5 .*: 
4 3 6 
5 3 B 

AVL-1. 38.0 

c) -4 

-- 

5 37 
A v e .  33.2 
-- 

C 
6 . 0 
7.5 
3.5 
6.5 
(3 . 0 
6 . 3  
- 

141 .4  14E3.5 6. 0 1 7 . 0 

*** 
** 

*** 
** 

*l(.* 

* J(. 

** 
.IC * * 
.* * 
** 

*.** 
*** 
*** 

4f+** 
** 

u.** 
*** 
*** 
** 
** 



Table 11. continued. 
-- -------,-I .-. - - ------ 

1 30 
2 38 
3 44 
4 50 
5 45 

Ave. 41.4 
-- 
1 35 
2 27 
3 * 
4 42 
5 56 

Ave. 40.0 
-I-- 

1 52 
2 42 
3 36 
4 17 
5 38 

Ave . 37.0 -- 
1 48 
2 50 
3 34 
4 40 
5 51 

Ave. 44.6 
-- 
PI Ave. 

40.8 

111 
93 
90 
74 
93 

93.8 
.-- 

118 
100 

86 
106 

* 

102.5 

109 
112 
98 
87 
72 

95.6 
- 

102 
125 
89 

104 
100 

104.0 

98.8 

138 * *  
* *  

***  
* *  

138.0 

***  
**  
* 

160 

160.0 
* *  - 

180 

172 
167 
153 

168.0 

* * *  

-. 

* *  
* *  

* * *  
150 

150.0 
* *  - 

***  
* *  
* *  

***  
* *  

* * *  
**  
* 

***  
* *  

180 

216 

180 
192.0 

***  
* * *  - 
* *  
* *  

* * *  
* * *  
* *  

-------. 
'- - - - - - - - - PI-432429 -------- - - -w - - - -  

BLOCK A ***  
* *  
* *  

* * *  
* *  

BLOCK B ***  
**  
* 

* * *  
* *  

BI,OCK C 
165 

132 
***  
* **  
* **  - 

148.5 

I I I ~ O ( ~ K  D * *  
* *  

***  
***  
* *  

8.0 
6.5 
5.5 
5.0 
7.0 
6.4 

7.0 
5.0 

6.5 

6.5 

* 

7.5 

6.0 
5.5 
6.0 
3.0 
3.5 
4.8 

6.5 
6.5 
5.5 
4.5 
5.5 
5.7 
- 

21.0 
15.0 
10.0 
13.0 
15.5 
14.9 
- 

21.0 
18.0 

15.0 - 15.0 
17.2 

* 

24.5 
19.0 
19.0 
16.5 
14.0 
18.6 

16.0 
18.5 
14.0 
17.0 
10.5 
16.8 
- 

16.9 

21.5 * *  
* *  

* * *  
* *  -- 

21.5 

* * *  
* *  
* 

37.5 

37.5 
* *  -- 

413.0 

47.0 
3'4.5 
31.. 0 
38.9 

* * *  

-- 

* *  
* *  

* * *  
32.5 

32.5 
* *  -- 

***  
* *  
**  

***  
* *  

* * *  
* *  
* 

* * *  
* *  

50.0 

56.5 

41.0 
49.2 

***  
***  

* *  
* *  

* * *  
* * *  
* *  

* * *  
**  
* *  

***  
**  

***  
* *  
* 

***  
** 

72.0 ***  
67.5 ***  
***  - 
69.8 

** 
* *  

* * *  
* **  
* *  

- 160.0 192.0 148.5 5.8 35.3 49.2 69.8 
--------___._I * Rhizome never sprouted. 

* *  Died i n  winter n f  138.3 8 4 .  * * *  Dug to obtain weights. 



T a b l e  11. continued. 

1 57 
2 4 2  
3 3'3 
4 4 6 
5 G 0 

Ave. 48.8 
-- 

P I  Ave. 
413.3 

18.5 
1G. 5 
19. 0 
20. 5 
&(I . (:I 
113.9 
*"I - 

1 9 . 5 
41.5 

1 6 . 0 
17.0 
18. 5 

* 
.- 

14 . Ct 
15.5 
15.5 
2t:) . - 13. 5 
15.7 

16. (3 
1 6 . (3 
1 6 . 0 
17.5 

16.4 
.I(. 

17.4 

55. (:I 
+*+ 
64. Q 
++* ' 

* +*. 
SK-5 

*.** I 
*** 

* 
*** 
*. * 

23.5 
*t* 
*** 
55.5 

3'3.5 
**.+ - 

**.w 
4 4 . 0  
* *w  
+** 

* - 
44. 0 

48.4 

*. R h i z o m e  never .jprout;ed. 
** Died i n  winter  o f  1983-84. 

.It.** Dug t o  o b t a i n  weights. 

I ,-- -- 



T a b l e  I T .  c o n t i n u e d .  

Eleight; ( i n .  1 W i  d t h  < i r i ,  :I 
Hi 11 

13/83 11/83 1'3l3.4 14u5 1986 NO. 8/83 11/02 1'3E)Gt 1903 138h 
-- -- I---- 

I 

PI Ave. 
.;* 9 41.4 100.2 133.4 114.7 147.0 5. Q 17.6 A4.4 37.1 53.5 

+* D i e d  i n  w i n t e r  o f  1983-B4. 
*it* D u g  t o  r l l t i t  a i n  w e i g h t  5 .  

,+I+*.* D i  e d  from unknown cause. 



Ri 

* * * * * *  * * * * , *  

m * * * * * a  Ir r 
* * * * * 1 : 1  

,T 

m U f j  

* * * *  * 
* * * * *  * * * * *  

b * * *  * * * * *  
i **** 

* * * * *  * 
* * * * *  * * *  * * * * *  * * * * *  

c 

id 
L3 

c I r  

* * * *  * 
* * * * *  * * * * *  

* * *  * * * * *  * * * * *  * * * * * *  * * * * *  * * *  * * * * *  * * * * *  

. .  



33 e J 

Ave. 14'3. 2 

1 65 
2 145 
3 75 
4 125 

54 c 
J -- 

Ave. '5x73 

5 195 
Ave. 1 24. 0 
-- 

P I  Ave. 

133.1.3 l . n l  13.81 24.32 53.(:)7 1,.21 2. 34 14.  (I*$ --- - -- - - 
.)(. Rh i zmne never sprouted . ** Died i n  winter  o f  1983-84. 

*.M.., U u q  to o b t a i n  weights.  



1 1 43 
2 1 70 
3 1 (3s 
4 123 

1 135 
2 2 7 (1) 
3 68 
4 61 

145 -. -- 5 
AVe.  135.8 

1 65 
2 108 
3 165 
4 166 
3 tj 4 

Ave. 131.6 
-- 

P I  Ave. 

BLOCK A 
18.14 

*** Jt * .n *.I&* 

'3.55 ' n*.* - 
6. 7 0  9.55 

ELOCtT El 
1'3.32 *.n* * U-n 

0.41 **U. 
* 

**+ 
* a. 

*** **U. 

BLQCI:.: I: 

3.42 .n** 
13.64 *u.+ +U.* 

3.18 

**.)I* *** 
5.46 +** 

* U 
*** *** 

*** **+ 
1.82 8.00 

., *** 
6.58 

8.91 it** 

*** *** 
mE;.sa * * 

133.8 1.28 3.85 1O.WG 15.42 2.47 6.17 3.34 
* Rti i z o m e  never sprouted . 

- 
,n* Died  i n  w i n t e r  of 1'383-84. 

**it Dug t o  o b t a i n  weigllts.  



Table  111. c o n t i n u e d .  

H i l l  Rti I ZOME 
No. FlwntedIgm,l  1983 1984 1905 1986 1983 1984 M 1985 1986 

1 326 
2 213 
3 32 
4 273 

"1 1 - P  
A v e .  223.t:) 

cp 
Ll 

1 136 
2 285 df'  

3 60 
4 58 
s 1 o(3 

A v e .  129.4 
-- 
1 203 
2 122 
3 85 
4 118 
5 158 

A v ~ .  137.2 
-- 

1 399 
2 144 
3 2!m 
4 72 

4 8  c 
Ll -- 

A V ~ .  182.6 

P I  A v e .  

1 .69 

1.69 
- 

2.16 - 
2.16 

2.62 

*- 
L.  62 

2.27 

++ 
++*. 
2.27 

18.30 

+ * * a  

* 4e 

1 f3. 30 

16. 14 

+++ 
++ 

itj.i4 

*.+* 
17.16 

++ 
.n .)(. - 

17.16 

13.47 

BLOCK B 

+*+ 
+++ 
.n + 

14.09 

14. Q9 

BLOCK c 

+++ 
13.07 
+++ 

++ - 
13.07 , 

13.21 25.18 

1-66 - 
1.66 

1.02 

1.02 

1.44 - 
1.44 

1.79' 

- 
1.79 

1.48 

2.39 
.n-n + 

++ 
4f.** 

2.39 
- 

+++ 
10.46 

+*n.)C 
*+ 

10. 4 G  
- 

+.w+ 

+++ . 
++ 
7.27 

- 
7.27 

+++ 
8.98 
.If. + + 
*+ 
.Ic + 
8.913 

+++ 
+*+ 

**++ 
++ 

++* 

26.76 +** 
+++ 
+** 
+* 

26.76 
- 
4.31 +** 
+*+ 
+++ 
*+ 

4.31 
- 

Y 

+*+ 
*it+ 
it++ 
++ 
++ 




