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Studies on Handling and Transplanting
Guayule Nursery Stoek’
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Guaynle Research Praject, Burean of Plant Industry, Soils, and Agricuiiural
Eungincering, Agricuftural Research Administraiion
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& 3 INTRODUCTION

agy opesitions¥hvolved in getting the plant from the seedbed into
the field. The Mecess or the necessity of any operation i3, of course,
MBasured by the subsequent performance of the plant in the field.

transplanting of guavule is complicated by the ldrge-scale pack-
ini, storage, and shipping operatiens. Furthermore. bégause of resid-
ual effects, a study of transplanting requires the coysideration ol
factors which condition the plants prior to the time 3t digging in
the nursery.

It is the' purpose of this bulletin.to present the results of such
studies on transplanting guayule. Sbme of the changes in stock
bronght about by hardening, watering, topping. undercutting, pack-
ing, shipping, storage, and time of transplanting are considered in

various ways, € L :

All the experiments were conducted on nursery stdgk grown in

nurseries of the Emergency Rubber Project at Salinas, San {lemente,
L

and Tndio, Calif. a-

F DI
ﬂran&antt%m a broad -sense;-covers ali the cultural practices
s

! Qubmitted for publication April' 22, 1946,
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MATERIALS AND METHODS
DescrirTion oF NUrsSERY STock

stock for transplanting in guayule plantations is usually grown
in nurseries for one season (16).% At Salinas nursery sowings were
made in the 5pring or early summer for stock to be transplanted the
following fall, winter, and spring. To obtain plants of the desired size
3 or 4 months of growth is generally required. Such a period docs
not include the intervening winter months when the plants are prac-
tically dormant or the period of hardening required after the desired
size has been attained.

Plants for field plantings by the Emergency Rubber Project ranged
from 2.4 to 127 mm, (3/32 to 1/2 inch) in root-crown diameter, with
a trend toward increasing the minimum diameter to 4.0 mm, (5/32
inch). Plants of this size range are readily accommodated by the
machines «ed (e. g., the Holland celery planter and the Kindori
planter). The number of suitable plants obtained per square foot
in the nursery depends a great deal on the density of stand. Guayule
nursery stock was grown in beds 4 feet wide with 7 bands of seed
per bed. Thus, 1 square foot would be equivalent to 21 lineal inches
of seed band. Tigure I shows the size distribution of plants in densi-
ties of 15 to 40 per square [oot 4 months after sowing.* On this basis
a density of 25 to 30 plants is considered desirable at Salinas when
the minimum-size standard is 5/32 of an inch.

The height of the stems of nursery stock is variable, ranging from
1 to 18 inches. The average height of all stock grown at the Salinas
nurseries was ahout 5 inches, whereas that at the Indio nurseries was
about 10 inches. Some of the stock at Indio reached a height of 15 to
18 inches in 1943, but the great density (about 40 plants per square
foot) prevented cxcessive growth in diameter during the long grow-
ing period. The density of the nursery stock has itnportant cifects
on the plant hesides those on diameter. Regardless of the care exer-
cised in obtaining a stand of seedlings there are bound to be great
local variations in density. For example, isolated plants tend to be
short and have numerous spreading branches (fig. 2). 1f 2 or 3 plants
oceur in groups, they are taller and their branches are less spreading.
Near the optimum density (25 plants per square foot) the living
branches are fewer and rather closely appressed. Excessive local
densities (35 or more per square foot) usually result in large numbers
of spindly plants. The coarsenuss of lateral roots seems to vary in-
versely with the density of stand (fig. 2).

During the rapid growth of well-watered guayule nursery seed-
lings of average density the leaves hecome large and succulent
{fig. 3, b). By winter most of the large leaves die and the stems retain
only the terminal groups of leaves (fig. 4, ). On the other hand,
nursery plants which grow slowly (fig. 4, a) or in a sparse stand
(fig. 2, & and b} remain more leafy throughout the winter.

® Ttalic nuinbers in parenheses refer 1o Literature Cited, p. 57,
* Unpublished data of W. A. Campbell, patholugist, Special Guayule Research
Project.
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Freuae 1.—Size distribution of 4-month-old guayule plants per square foot in the
nursery when density of stand ranged from 15 to 40 plants per square foot. (The
numbers on the graphs indicate the density of stand.)
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Figure 2 --Guavule plas 7 months old  (faneary 1945) fram a single location,
showing differences in devetopment due to exureme variation iu density of stand:
. Isolated plant; b, plant from a group of 2 to 4 planes; ¢, plant from a narmal
stand (15 to 30 plants per square foot) ; o, plant from an excessively dense stand
{35 or more plants per square footd,

The age of the nursery stock used in the experiments herein re-
ported ranged Trom 4 to 17 months, The root-crown diameter, how-
ever, was constantly maintained at 4.8 to 9.5 mm, (316 to 378 inch)
by selection, except when otherwise slated. Stem heights varied
hetween 4 and 12 inches for dilferent experiments but not by more
than 2 or 3 inches for any cxperiment. Unless otherwise indicated
the taproots were cut back to 3 or 6 inches and the nwiher andd
fengths of lateral roots were those which were normally retatned in
pulling the undercut plants. :

STATISTICAT. TREATMENT

Statistical analyses of the data were made by using the analysis-
of-variance method (2375 in some cases the amount required for sig-
mificance between means (701 is presented. In the discussions odds
of 19 to 1 were consitered sigmificant and adds of 99 to 1 highly sig-
nificant. Where the variability of the mcan is indicated by the
o simn the value presented is the standurd error. Pergentage data
were transformed Lo degrees percentage (p=—sin* §) ‘Weiore analysis
of vartance was made (7},
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Figirre 3—CGuayule nursery stock - months old, September 1: @, Plants grown
without irrigation after they were 2 monthe odd: o, planis thal were irrigated
continually,
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Froure 4 —Guayule nursery stock of the 13Te showsn in figure 3, when § months
old: g, Plants grown without irrigation after they were 2 months old; 5, plants
that had received little irrigation after they were 4 months old,
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PREPARATION OF MURSERY STOCK FOR TRANSPLANTING

Successiul transplanting of guayuie depends on more than the
proper digging, storage. and handling of plants in the nursery and
leld. Adequate conditioning of the plants in the nursery is necessary
to overcome certain inadequacies inherently present in the form and
composition of rapidly growing guayule nursery plants,

Guayule has a taproot, and when the plants are dug in the nursery
very few of the weakly developed lateral roots are retained. Un-
hardened plants do not survive well even if topped. The presence of
leaves on the untopped plants retards or prevents recovery (7, 22);
and if the plants are topped, there is probably an insufficiency of
growth factors and carbohydrates for regencration of roots and
leaves, During establishment ol a transplant there is a considerahls
decrensc in the dry weight of the stem and root.*

HARDENING

From a practical standpeint, hardening is a necessary step in
preparing guayule for transplanting. No single criterion adequately
describes hardiness of plants, but it has been variously associated
with many factors such as unfreezable water (26), water content
{26). rehydration {9). pentosans (71, 27}, and carbohydrates (713},
Dexter (3) found that conditions favorable for hardening were also
favorahle for acctmulation of food, Although methods for hardening
plants have Bkeen in common use for a long time. the changes occur-
ring in the process have not been adeguately evaluated., Probahly
many plants have been hardened for transplanting as a matter ol
rotitine without investigation as to whether the practice was hene-
ficial. Recently Rabb {7) found that hardening was of no discernible
benefit in transplanting several vegetables and in some instances
it even had deleterious residual effectz on earliness of maturity and
yvidld, Kelley, Hunter, and Hobbs (12) demonstrated that for trans-
planting guayule by the usual procedures it was very necessary to
harden the plants for a consideralle period prior to this aperation,
Associated with the hardening of guayule was an increase in levulin
content® Auxin, however, was much lower in hardened than in un-
hardened guayule (29).

HARDENING BY PROUGIIT AND COLD

For the purpose of obtaining information on the changes that
would occur and in the hope that such knowledge would lead to a
hetter understanding of the physiological precesses involvad in the
recovery of transplants. an experiment on hardening nursery stock
was undertaken. The plants used for the experiment were from a
sowing made on May 9, 1944; they were watered frequently and

! Unpublished data of H. P, Traub, principal physiologist, Special Guayule Re-
search Project. ) .

® Unpublished data of H. P, Traub, M. C. Slattery, and W, MeRary, principal,
assistant, and associate physiolngists, respectively, Special Guaynle Research Project,
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with increasing amounts so that readily available moisture twas
present to within about 1 inch of the soil surface. After the stems
of the plants were about 1 inch tall, they were irvigated at the rate
of 1 inch per week in twe applications until the end of August,
Therealter, only three waterings were given te prevent severe dry-
ing (0.25 inch, Septembe: 18; 0.20 inch, September 23; and 0.05 inch,
Cctober 3). At the time the regular watering was discontinued the
plants were Howering {reely but were barely at the minimum size
limit for transplanting,

Beginning August 31, al intervals 6 harvests were made to deter-
mine various changes in the plants during hardening. Three replicates
of 25 to 75 plants were obtained from 3 random locations in the
experimental plot, which was S nursery beds wide and 150 {ect long,
for dry wweights, rehydration, and carbohydrate analysis.® Total
fructosans were hased on hot-water extraction and levulins on cold-
water extraction, The difference hetween the products obtained in
hot and cold extractions was lesignated “inulin” The rehydration
values were determined by a method modified from the onc used
by Greathouse and Stoart (9), Root samples previously dried at 65°
to 70° C. were ground to pass a 40-mesh sereen in a Wiley micromill,
Duplicate samples of approximately 1 gm. cach were placed in
weighing bottles and dried to a counstant weight at 80° and a 3- to
4-cm. pressure. The weighed samples were placed in a desiceator
over subfuric acid having a specific gravity of 1.228 (relative humidity
of approximately 75 percent at 30°). A hottle containing 1 ml of
formalin was also placed in thie desicentor to prevent the growth of
molds. The desiccator was placed in an incubator oven with tempera-
ture controlled at 30° and at atmospheric pressure for 3 weeks. At
the end of this time weighings were made and the rehydration per-
centages were calculated. Al determinations presented swere made
during one run and with one desiccator.

Turgorized values for roots were obtained from 10 determinations
on 20 additional plants, The procedure was to take the upper 4 inches
of taproots devoid of laterals and place them in water until they
were turgid (48 hours), as indicated by constant weight.

After surface moisture wus vemoved by blotting and the weights
were recorded, the roots were dried at 100° C. and the water contents
were determined.

Each survival value is based on 160 plants in 8 replications. The
plants were topped to 1% inches above the crown, and the roots were
cut to § inches. All laterals were removed to make the stock uniform
for cach transplanting. Crown diameters and heights of stems are
based on five I-lincal-foot samples of all the plants present. In all de-
terminations (table 1) except those of diameter and height the plants
were selected for a mintmuan root-crown diameter of 5/32 of an inch.

Hardening wags effected hy drying until October 31, when the first
rain occurred, After that date the soil remained moist but the
temperature dropped and further changes may be aseribed to fow
temperatures {fig. 5},

Duaring the hardening process the most noticeable change in the
plants was a loss of the lower leaves. The dry weight of living leaves

2 Thanks are due w M, C, Slaitery of the Guay ::i_c Project carbohydeate Inhoratory
fur the earbohydrate analyses, { Unpublished data of H. P Treaub and M, C, Slattery.)




LANDLING AND TRANSPLANTING GUAYULT 4

decreased very rapidly during the drought, whereas the dry weights
of stems and roots incrcased {(table 1), Growth ta height and in dinm-
cter were sharply retarded, indicating that a large part of the in-
creased dry weights was a reflection of the accumulation of reserve
substances. This accumulation was also reflected by the decreusing
moisture contents in turgorized roots, Carbohyvdrute analyses indi-
cated that reducing sugars, pentosans, and inulin varied only slightly
during the hardening process, but that levualins increased in large
quantities; this inerease indicated that levulins were thie main carbo-
hydrate reserve, Traub, Slattery, and MeRary ¥ lound a similar in-
crease of levuling in the guayule plants they studied; a high correla-
tion was found between the reserve carbohydrates and the survival
of transplants in the fall and early winter but not in the late winter
and spring. Loomis {13) noted sudden increases of carbohydrates in
vegetables as a result of wilting and determined that hardening
]Jcr!od., of 10 days resulted in more roots forming on transplants. In
guayule, however, the sudden slight incrense in carbohydrates
scemed to have little beneficial effect on survival of transplanis
(table 1),

A change commonly found in the plants during hardening is the
increase in hydrophilic sabstances (17, 27). which results in in-
creased values for rehydration. Loomis (73, p. 33}, using a wcthod
of imbibition, com.ludt.(l that decreases v imbibition in amm_ haed-
encd vegetables . | | indicate the accumulation of substances which
have a lower absorbing power than the normal cell constituents,”
In the case of guayule, however, the rehsdration values showed no
consistent trends which could be positively correlated with hydro-
philic substances or negatively correlated with hydrophobic ones,

The water content of roots of young unhardened guayule plants
is above 80 percent (table 1}, whereas in the hardened plants it is
usuatly about 60 percent or slightly less in second-yenr uwursery
stock (7). During hardening by dronght the water content of roots
normally drops sharply becanse of wilting {tuble. 1}, hut turgorized
roots during hardening show intermediate values which may be con-
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Ficure 5.—Weekly mean temperatures for air and soil at Salinas, Calif, during the
winter of 194443, The rapid drop I lemperature accompanied the rainy period
at the end of October,

" Sce footnote 3, p. 7.
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TasLe 1. —Changes accompanying the hardening of guayale

nursery stock

. Water i~ Roat cortent
Beiod Rehydea-
Date beginning tion of
fireori roots uci
of test Leaves Stems Roots 1“§§§,’;‘°d Inulin Levulins Pentosans R:;igaf;:g
Days Percent Percent Desrent Lescrat Percent Percent. Percent Percent Percent
August 31 ..., 86.1:£1.6 86.1+1.2 85.424:0.6 85.4+4 253411 0.09+0.05 4.720.95 1.124-0.08 0.3740,04
September 9 ..... 9 80.54 .3 74618 (S5 T RO N 268417 154 .03 7.54% .3 1.10% .05 .lH- 05
September 19 ..., 19 65.5+ .9 64,22 .5 43.34 4 i35 2524 8 S50+ .13 7,673 49 1.02+ .06
September29 ..., 29 5/1+%1.2 4,020 60.8:4 .6 70.0-+0.4 29.042.3 21334 .13 9,434 .2/ 934 .06 .93+ 05
October20. ....... 50 53.84-1.2 47437 39.6+ .3 66.54- . 23.63 4 45426 13.6 % .73 1.3+ 17 86%- .07
March9 ..., 190 729+ .2 594+ .9 0.8+ .7 63,74 .5 243418 1.95% 3 14544 .5, 1.50+ .01 731 .01
Period Mean dry weight Mean
after Transplants diameter }}“F“h“
Date beginning sprouting ! of eight
of test crown of stem
Leaves Stems Roots
Days Percent Grems Grum Gram Millimeters Centimelers
August 31 .. ..., 0 27.54:3.4 1.44-+0.01 0.4140.04 0.324:0.01 J +9.00.3
September 9 oL 9 2755457 1264 .09 494 .03 3t .03 deciieaieidiairrenn
September 19 ....... 19 231149 L5% 03 36 .04 Al+ .01 ceshedriearenevyaeractr
September 29-...... R 29 P P A9+ .02 L7402 524 .03 tressrasssseserpesansis
October 20 .o.oel .l 50 70.34:4.6 37 02 84+ .03 60+ .02 PO S SN
March 9 .e..viiiinnes 190 93.13-2.1 09+ .01 92+ .05 61+ .02 1114+ .5

! Based on plaiits

without lateral roots.

ot

TAALTAINDY 10 “LATA S "0 +e6 NLLATING "ITVIINHOAL
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sidered an index of the degree of hardening. In previous experinients
with other plants low moisture content was also correlated with
hardiness (17, 21, 26).

The survival values obtained for the transplants, as indicated, are
based on plants without lateral roots; therefore the differences be-
tween unhardened and hardened plants are greater and more truly
depict the greatly improved regenerative powers of the hardened
[plants.

HARDENING BY COLD

At the time the drought treatment was begun on the plants of the
previous experiment, other plants in the same beds continued Lo
receive semiweekly irrigations until the rainy season began at the
end of October. With the advent of the rainy season the mean air
and soil temperatures dropped rapidly (fig. 5) and remained below
50° F. during the greater part of the winter. Thus, changes oceurring
in the plants were principally due te low temperatures and to what-
ever drought effects the low temperatures may indirectly Liave had
in deereasing the water absorption by the roots, It was observed that
the low temperatures (thirties) in November resulted in yellowing
and {inally dying of most of the large, succulent leaves produced at
the height of the summer’s growth. The plants did not at once be-
come as leafless as those undergoing drought treatment, bhut by
March 9 there was very little difference in leafiness between these
cold-hardened plants and those of the previous experiment which
in addition were subjected to drought.

The data in table 2 indicate that the survival of transplants was
the same whether they were only cold-hardened or were also sub-
jected to drought. Carbohydrate analyses revealed that piants of
hoth treatments had accumulated large amounts of levulins and
smaller amounts of inulin and other carbohydrates. While the
drought- and cold-hardened plants had slightly higher reserve carbo-
hydrate contents than those cold-hardened ounly, this was probably
a result of the longer period of hardening, On the other hand, the
vold-hardened plants were larger, a result of the longer initial period
of growth,

TanLe 2—Comparison of drought- plus cold-hardencd guaynle stock with cold-
hardened stock, March 9. 1943

WValue for plants

Item Draught.
Tn initial 4eoldhandened | Cold-hardened
cundition {2 months {4 months}
# months)

Water content of turporized roots, percent., 854 4 617 03 G35 404
Rehydration of roots. ..., prereenl, , 253 *=1.1 24,3 1.8 254 +1.4
Inubin in roots..... Spercent.. 094 05 185+ 3F 1.084 18
[evuling in routs... .percent,, 4,72+ 958 14,54& 5 1141+ .33
Henlosans in roots,...... Crrane e PERENL, L L12+ 08 150 .01 1.30% 01
Reducing sugars N ToMS. el percent. . G+ N L8 i L6402
Mean dry weight per planc

Leaves ..ooocvriiirmrarscaiaane  RIAMS, L4 01 092 .01 o=

StEm .ovyen LErams,. Al M 924 05 1362 .06

Rool .iiivivannsirns e RFAT, . S .01 b1+ .02 A4 .01
Transplants Sprouting ...eeeceans pereent !, 475 4.2 58] +13 241 =13

t Based on plants with lateral roots.
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WarErING BErFORE Diccing

In the fall, when stock is to be dug after it has been har (lcm:(l the
soil is freqnently dry and in many cases very hard so that jt bLLGme
necessary to water prior to dlggmn‘ 1f the temperature is favorable
for growth, the hardened stock breaks its dormancy and evidence
of new leaf growth may be found within 1 or 2 weeks. An experiment
was designed for the purpose of determining whether survival of
transplants was materially altered by keeping the soil in the nursery
bed moist for various periods prior to digging when the temperatures
were still favorable for growth in the fall. The periods used were 2,
4, 8, 14, and 20 days before digging for stock which was growing in
the San Mateo nursery near San Clemente in 1943 After the first
of August regular nursery irrigation was decreased to 0 25 inch every
2 weeks to permit the nursery stock to harden., Experimental water-
ing belore digging began on October 7, and the watering schedule
was so arranged that plants of all trealinents were ready for digging

‘on the same day, October 27. Topping was done at an average height
of 2 inches above the root crowns, and undercutting at a 7-inch
depth followed.

Samples of 200 plants for each treatment were taken at random for
the initial planting (2 days after digging} and wrapped with moist
shingletow (132 percent water on dry-weight basis) in waxed paper.
The remaining plants were crated with shingletow having a moisture
content of 132::5.3 percent in crates having waxed-paper lining on
4 sides. Four-crate replicates of each treatment were held in common
storage for cach of 2 periods, 7 and 14 days. At the end of these periods
the second and third plantings were made. The plants of each treat-
ment were divided into 10 veplicates and randomized in the plauting,
but for the 3 plantings time was confounded with pesition, Final
counts of the plants were made at the end of April 1944 (tabie 3).
These counts showex that when the soil was kept moist for various
periods up to 20 days before digging during temperature conditions
favorable for growth there was a gradual but statistically highiy
significant decline in survival. Similarly, delaying the pianting 1 and

Tabre 3—Efect of walering before digging on swrvival {percemlage of plonis
sprouted) of guoyule bransplants 6 wionths afier planting

Plants sur\t’i\'fiug when in estman
Py storage before planting for—
Leriol in s ! R
moist soi] before Muean !
digging o - 1

& I
tlavs tays days

I'rrr(ﬂ! Percent Percent Preesnt
B L e , 96,5
4 tays - . A .5
Sdays ..o A X 89.3
14 days 5 i3
20 days ) 83.5

Blean® Livviiiienrrins P . L1

1 Qbserved Fouvalue=d,06; F value required at l-percent level=d.78; observed 1 value (linear
regression) =10,14% & value |Lc1u|rr.‘d at l-percent level=3.84,
2 Qbserved F value=14. 96; F walue required at 1-pervent level=3.47,
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2 weeks after digging reduced the survivals gradually, but season of
planting and position confounded the net cifects of storage in this
experiment.

Torping

Previous work (22) demonstrated that topping is necessary for the
successbul transplanting »f guayule nursery stock. One of the im-
portant considerations in topping is the time at which it is done. In
practice it is desivable to know what effects might result from topping
when the plants cannot be dug shortly alterward. Tt has been ob-
served that alter topping, new bud growth is evident in 5 to 7 days
under {avorable conditions of temperature and moisture or in some-
what longer periods when one or both of these factors are limiting.

Experiments were undertaken to determine the cffects of pretop-
ping on survival of the transplants. The first of these trials was made
in June 1943 with unhardened stock grown in n nursery near San
Clemente, One-hall or three-fourths of the top was removed at cach
of the lotlowing times: 0, 3, 6, 11, and 18 days before digging. One
hundred and eighty plants per treatment were transplanted in 9
randomized Dlocks. The experiment was repeated in October 1943
with hardened plants. In a third experitment carried on at Salinas,
topping was done at 4 levels: topped te crown, seven-cighths-topped,
three-{ourths-topped, and half-topped, 0, 3, 9, and 25 days before
digging. In this case 100 plants per treatiment were transplanted in
10 randomized blocks on November 4,

The results of these experiments showed that when plants were
topped many days in advance of digging the recovery was poor
(table 4). In all three experiments larger numbers of the plants with
half the top removed recovered when topping was donc 3 cays before
digging; but when it was done more than 3 days before digging (6
days in one case) there was a decrease in the number of plants re-
covering. As the severity of topping increased, the time of topping
became more important.

From a physiological standpoint the best time for topping nursery
stock may not be the time of digging. In July 1944 three-fourths of
the top was vemoved from l-year-old, hardened nursery plants at 36,
12, and O hours hefore digging and 12, 24, 36, 48. and 96 hours after
digging, Twenty plants from each time of topping were placed in
water culture within an hour after digeing. After 11 days the rooted
plants and the new voots on the G-inch taproot, from whiclh the
Iaterals had been removed at time of digging. were counted. Figure 6
presents the data graphically. The mean number of roots is based on
the rooted plants. Analysis of variance for the rool means gave sig-
nificance at the S-percent level.

Two points are worthy of mention in regard to the data of this
experiment, The first is the tendency of plants to root better if they
are topped a short time before digging rather than at the time of
digeing. There seemed to be aiso an indication that topping shortly
hefore digging (3 days) was heneficial for field plantings (table 4).
The second point is that placing nlants in water for several hours
hefore topping improved roofing, The Jatter response was obtained
in another way when control! plants were soaked in water in experi-
ments designed for the purpose of determining the effects of hor-




TaBLE 4—Relahon of time and extent of topping of hardened and unhardened guayule transplants to percentage of plants growing after
: a’ mintinune of 6 months

Plantsy growing when topped the indicated time before digging

Place and : B
kind of stock 0 3 6 9 11 18 25
day days days days days days days

San Clemente, Cﬂl'f Number Percent Percent Percent Percent Percent Percent Percent -

Unhardened plaiits:, . . .
Three-fourths-topped - ......i... . June 1943 180 5% g( “3"%
‘Half-topped ........ b

Hardened plants: . 97 88 '
Three-fourths-topped ....... oo, } October 1943....
Half topped ...viiiiaenns

Salinas, Calif.

Hardened plants:
Topped toCrown ™ ...ivesiviai < 64 Ciheenaeesies
Seven-eighths-topped ............|} November1943., .
Three-fourths-topped ' 1
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PLANTS ROOTEL (PERCENT)
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o

MEAN OF ROOTS PER ROOTED PLANT

o | L |
36 2 o] 12 249 48
BEFORE DIGGING AFTER DIGGING

TiME QF TOPPING (HOURS)
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o

Figure 6.—Effect of time of topping on the initiation of roots by hardened guayule
transplants in water culture. {Counts on 20 plants per treatment 11 days after
digging.)

mones on rooting. In these experiments there was an increase in the
number of plants growing when they were soaked in swater before
topping over those not soaked before topping; the plants in both
groups were topped at the sane time. This increase occurred whether
the plants were grown in the field for many months or for a shorter
time in the greenhouse in cultore solution or sand culture. A possible
explanation for the Dbenefit of topping after digging is that root-
forming substances accummulate in the severed taproot before their
source, the top, is removed, If topping was postponed more than about
24 hours, it appeared that other factars, such as the lack of sufficient
water in the tissues (7), delayed the formation of new roots.

The benefit of topping shortly before digging may have been due
to various factors. One possibility was an increase in turgor in the
taproot. As another possibility Went and Thimann (27) stated that
the presence of a bud promotes root development, especially if the bud
is rapidly developing. Where the plants were topped 3 days before
digging there was probably already the beginning of lateral-bud
growth, which would increase the supply of reoct-promoting sub-
stances over that of plants topped at the time of digging. When top-
ping preceded digging by more than 3 to 6 days, however, the bene-
ficial effects were lost. It is interesting to note that topping 3 days
prior to digging seemad to be more beneficial to unhardened plants
than to hardened ones (table 4).

UNDERCUTTING

Part of the procedure of digging nursery stock consists in passing
a blade under the plants to sever the roots and leosen the sail. Nursery
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stock is generally undercut on the day it is pulled or the day before.
Several experiments were performed in which undercutting in the
nursery preceded topping by various lengths of fime and in most cases
with beneficial effects on rate of recovery and percentage of survival.
The only topping trials in which improvements were not noted were
those made in the winter or with stock which gave very high survival
percentages regardless of time of undercutting,

The first experiment was conducted in July 1943 at San Clemente
with March-sown stock which was large cuough to be hardened and
which had been permitted to wilt a few times prior to the beginning
of the experiment. Undercutting was done 9, 4, 7, 14, and 21 days
before digging, Overhead irrigations (about 0.2 inch) were made
twice each week over all the plants and were arranged so as to follow
shortly after each undercutting. One hundred and cighty plants of
each treatment were three-fourths topped and transplanted July 28,
2 days after being dug. No leaves remained on any of the plants
after they were topped.

Over 50 percent of the plants in two of the treatments (7 and 14
days} showed sprouting 5 days after the topping was done. Final
survival counts (8% months after planting} showed that of the
plants undercut O day before digging, 71.7 percent survived; 4 days,
73.4 percent; 7 days, 86.1 percent; 14 days, 91.2 percent; and 21 days,
71.2 pereent. The plants undercut 7 and 14 days helore digging showed
a highly significant increase in survival over the controls, while those
undercut 21 days before were no better than the controls, Tt was
observed at the time of digzing that plants of the last category had
reestablished themselves and were already showing new top growth.

In a second trial of undercutting in August 1943 two types of
nursery stock were used—3-month-old unhardened plants and 6-
maonth-old partly hardened plants—with a single time of undercutting
(7 days before digging). Water was applied 2 days after undercutting.
The three-fourths-tepped 3-month-old plants gave only 33.9 percent
survival when undercut 7 days belore transplanting, but less than
3 percent of the check plants survived. The three-fourths-topped
partially hardened plants about 6 months old respouded as did plants
of the first experiment; 806 percent of the undercut plants grew in
contrast to only 30 percent in the controls, A comparison ol topped
and untopped plants showed that the preundercutting increased the

Tartk 3—Effect of 7-day preundercuiting and of three-fourtils lopping on guayule
irgnsplonts, August 1943

[180 plants per (reatment]

Plawts growing when—

rovmuderenl 7 days Nut preundersul
Age and condition of platts :

Thiree- Three-
Tourtlis- L ntopped fourths- Lintopped
tapped topped

Percent Pereent Pereent Prreent
3-month-old unhardened plants 338 15.9 25

G-month-old partiaily bardened planis 86,6 711 ano 111
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survival of untopped plants (table 3) but not sufficiently to eliminate
the need for topping. A treatment not presented in table 5 was one in
which topping and undercutting of the 3-month-old planuts were both
done 7 days before digging. The survival was as poor as it was for the
checks,

Preundercut plants are more difiicult to top by mechanical means
than are the intact nursery plants, but in two trials the operation was
successfully accomplished—once in loam at San Clemente and once
in sandy soil at Indio. A prercquisite [or the mechanical topping of
such stock is at least one good watering to firm the soil after under-
cutting. The watering is also necessary for the prevention of death of
the root-pruned plants during warm weather.

Microscopic examination of the taprools was not made for
the presence of root primordia at the time of transplanting preunder-
cut plants; but since many new roots were found to emerge during
the 1- to 2-week peried after undercutting, it is not unrcasonable to
assume that when preundercut plants are transplanted the chances
of having new roots in same stage of formation are very good. New
roots already emerged are lost throurh drying, but those existing as
primordia in the bark probably develop aiter the plant is set out.

This method of preconditioning the plant for transplanting is not
as satisfactory as hardening by prolonged drought or cold. but in
many cases it might he used to advantage as a supplementary treat-
ment, because of the benefits to be obtained in a short time with
partially hardened stock.

Trees are frequently root-pruned in nurserics to effect a change in
the root habit or to increase the production of laterals {6), Relatively
bushy root systems can also be developed on unhardened guayule
nursery stock by undercutting the plants and allowing them to remain
in the nursery for several weeks under irrigation. One hundred and
sixty such plants were carefully bare-rooted in October 1944 and pro-
tected against drying until they could be planted the same day in the
field at the cdge of furrows already containing water, No topping was
done, and about 97 percent grew. The new roots of guayule are very
delicate, however, and any attempt to retain them during transplant-
ing on a commercial scale would require unjustifiable precautions,
especially in view of the great tolerance and regenerative ability of
plants properly hardened by drought or cold. Very early root pruning
might produce several sturdy laterals in the place of a taproot, hut
the type of planting machines now in use makes a spreading root
system rather undesirable. Also. there is a tendency for lateral roots,
when numerous, to hecome tangled and thus to reduce the efficiency
of the workers who handle the plants.

PACKING, SHIPPING, AND STORAGE
TPacking

g, shipping, and storage are important considerations in
transplanting guayule on a large scale. Losses of plants resulting
from delayed planting are largely due to excessive drying, sprouting,
or attacks by fungi.

As the distance hetween the nursery and [Held increased. the amownt
of time that the plants were out of the ground also tended ta increase.
Local truck hauls in California hy the TEmergency Rubber Project
required a day or two, while shipments by rail from Califarnia to

G513 —I7—3
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Texas or Mexico required 10 days to 2 weeks, Rainy weather neces-
sitated storage for several weeks before plants could be set out. Ade-
guate precautions had, therefore, to be taken in packing the plants
to cope with the difficulties which arose.

Typres oF Packine

Containers for guayule nursery stock have not been standardized.
One commercial concern used redwoad boxes 10 by 18 by 30 inches
(inside measurements) for packing the nursery stock. The plants
were placed upright in layers alternating with wet moss. Although
these containers were durable, they were expensive and heavy {22.3
pounds) and their repeated use, especially in storage, tended to pre-
sent disease hazards,

The container used by the FEmergeney Rubber Project was the
lettuce crate {1314 by 1713 by 2115 inches inside, weighing 10 pounds
with lid and waxed paper). Waxed paper was used to line the crates
on four or six sides, and the plants were placed with the tops toward
the sides of the crates and the roets toward the centers, Moist peat
moss and shingletow in mixtures or shingletow alone was used as
packing material. When packing material was not used, a narrower
crate would have been advantageous in saving space and facilitating
packing. Plants with 2- to 3-inch tops and 6- to 7-inch roots did not
overlap sufficiently in the two halves of the lettuce crate to brace
themselves or to occupy cificiently the volume of the crate. [t was
found that as many plants could be accommodated in crales 1544 or
1334 inches wide as in the standard one (17% inches wide} and that
about 90 percent as many plants could be packed in a crate 1144
inches wide.

A preliminary experiment on packing, shipping. and storage ® indi-
cated that the sprouting of plants was extensive when the moisture
content of the packing material was from 200 to 300 percent (dry-
weight basis). Lining only four sides of the experimental-size crates
with waxed paper did not reduce water loss sufficiently to prevent
lethal desiccation of the plants during a shipping period of 24 days
in Qctober 1942,

In another packing and shipping experiment ¥ waxed paper was
used to line all six sides of the crates. Crates of two sizes were used—
experimental and standard—and a study of the effect of climinating
all packing material was made. Tive replicate crates of cach treatment
were sent from Salinas to Tndio and returned via railway express in
January 1943, In the experimental crates the packing material lost
most of its water content, but the plants lost very little from the
standpoint of desiccation {olerance, regardiess of whether packing
material was present or absent (table 6). The plants in the crates
without packing material «lid not lose more water from their tops
than did those in the erates where packing material was present. but
in the case of the roots there was a slight difference. The same re-
sponse was found in the standard crates excepl that moisture con-

* Unpublished office report by H. P, Traub and L. Machlis, principal physiologist
and formerly assistant physiologist. respectively, Special Guaynle Research Project.




TasLe 6.—Moisture conlents of guayiule nursery stock before and after shipment from Salinas tq Indio, Calif., and return, Janwary 1943, when

packed with and without packiig material and wrapped on 6 sides with waxed paper in crales of 2 sises

Kind of crate and layer
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Experimental cratess
With packing material L.,
Without packing naterial ..., ..
Standard eratest
With packing materialz
Top layer o ueviiees
Next 10 top laver oovesivares
CMiddle layer i
Without packing materialz
Top layer .ov.eiaiae
Next to top layer oo
Middle Tayer ivievvrvscaisee

Favae

e

T

Whaier in—
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densed under the cover, resulting in higher moisture contents and
more sprouting of the uppermost plants. From this experiment it
may be concluded that providing moisture by means of packing
material is unnecessary if there is proper insulation against moisturc
loss. The undesirable Teatures of moist packing material are that it
promotes sprouting of the plants and spread of parasitic fungi
when they are present.

TeMPERATURE AND STORAGE

In an experiment on cold storage of guayule nursery stock experi-
mental crates were vscd. ** These were one-sixth the size of lettuce
crates and were packed with 200 plants cach; waxed paper on 6 sides
and packing material of 1134 7.4 percent noisture conteat werve
used. Three temperature ranges (28° to 34°. 389 to 42°, and 40° to
GO° .} were employed. After 2-, 4-. and G-week storaze perieds the
plants of 3 crates from each temperature range were insnccted, and
half the plants were used for moisture contents and half for survival
tests in the {ield.

Ths moisture content of the packing material chaneed greatly
during the {irst 2 weeks and more slowly thereaiter (table 7) but at
the most rapid rate w1 the crates of highest temperature range, where
the lowest relative humidity occurred, At the end of the {ivst 2 weeks
the plants, especiatly the tops, had increased in moisture conteat.
Therealter, after the packing material was drier. the moisture con-
tents of the plants slowly decreased at ali temperature ranges,

No plants weve killed as a resnlt of fungns attacle. hut parasitic
fungi were probably absent. Superficial mold was present in large

Tank 7—Efect of duration and lemporature of storage on guayule wursery siock
stored November 4, 1942
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WBinrage Degcree srowing

vasnditi o £ April Remarks
I . 3 . i

Packiny Plant Tiant spronting 12, 1933}

minderial tops tops

Pereent Ferrent Pereent
TRESIEREC _iaws.an-o wa] 13T G002
Stored at 289347 10
2 weeks coiviiinaans ¥ A
4 weeks .. . B b e
6 weeks raieeos S
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amounts after & weeks at 40° to 60° F., and the leaves were black.
At 387 to+42° the older leaves were blacix, but mold was less abundant.
At 28° to 34 the leaves remained green during the 0 weeks of stor-
age and practically no mold was lound. Sprouting of the planis in
the crates occurred only at the highest temperature range; it was
observed at the end of 2 weeks and increased gradually during the
subseguent 4 weeks,

A count of plants growing was made in the {ield plots 4 months
after the last planting. Although the leagth of thme in the ficld was
not equal for all plants, the sprouting was practically complete and
all pereentages were high (table 7). The 28° to 34° V. temperature
condition appeared to have no deleterious effects on the plants
within the fmnits of the storage.

A study was made of the uctivity of Selerotinia in planls stored
at the temperature ranges used in the previous experiment, ! Threo
replicale crates of plants were kept at cach temperature range for
examination after 30 and 00 days in storage. Wach crate was p'u.l\{.{l
with 200 healthy plants and 10 phnt». infected with Selerotinia sclero-
tivrum. Alter 30 days 4 pereent of the healthy plants had becunme
diseased al 28 to 34%, 20 percent at 38 to 427, and 1600 percent at
407 o 60" F. Avthe end o1 the 04 days 14 pereent were discased ol
287 to 34, and 60 percent at 38 to 427, These results indicated that,
when a fungus such ag Selerotiniag 33 present in the nurserv stock
packed as in the experiment and i plants are 1o be stoved seserud
weeks, it is necessary o keep the temperatare ol the plants in s~lor-
age near 32°,

Many times it is convenient or necessary to store planls without
putting them in cold storage. When harmiul {ungi are not present
i the stock the problem is one of preventing desiccation without
providing enough moisture for sprouting. An experiment at Indio
i January and February 1943 was designed (o detennine the rtes
ol water loss Trom crates of plants packed in different ways and
stored outside in the shade of a windbreak, The plants were dorimant
in the nursery at the time of digging. Regzular nursery procedures
were employed o digging the plants: wops were cut to within
2w 3 inches of the erowns and undercutting was done at a 6- w
7-inch depth,

The methods of packing were as follows

. Waxed paper on six sides; no paeking material.
2, Whaxed paper on six sides; shingletow with 200 percent moisture,
3. Whaxed paper on six aides and overlapping corners: no packing material,

At a later date regular nursery operations provided a foucth methaod
of packing as follows:
4, Waxed paper an four sides; shingletow with 200 percent modsture.

In each treatinent the four replicate crates were weighed at inter-
als during the 37-day storage. and air tempernture and selative-
humidity records were kepl. At the end of the period of storage the
crates were opened for inspection of Lhe ptants and to take samples
of them and ol the packing material for woisture determinations,

* Unpublished office report by W. A, Campbell
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The rate of water loss was not equal for the crates of the different
treatments (fig. 7). The crates with paper on six sides lost weight
at a rate about a third of that f(or crates with paper on {our sides,
and overlapping the waxed paper made a reduction of about a third
of the remainder. The wet packing material in the crates with paper
on six sides did net appear to alter the rate of loss.

Moisture contents of the plants were determined separately for
samples from the corners and the interior of crates wrapped on six
sides. In the case of those wrapped on four sides ouly interior
samples were taken,

In the crates wrapped on six sides and containing packing material,
weight was lost principally (rom the packing material. A shght
loss also occurred from the peripheral plants, especially those nearest
the corners where the paper gaped, but the plants in the interior
tended to be more turgid than at the start of the experiment. Sprout-
ing was extensive in these crates, with an estimated 75 percent of
the plants showing sprouting and new root growth.

The elfect of omitting the shingletow from the erates wrapped on
six sides has already been indicated as having restlted in no change
in rate of water Joss. The lower moisture contents of the plants thus
treated indicate that drying occurred in the interior plants as well
as in the peripheral nnes. Practically no sprouting took place.,

Overlapping the paper in the corners resuited in better insulation
of the plants as indicated by the total change in weight and also in
moisture contents of the plants thus treated. Only the peripheral
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plants decreased significantly in moisture content. The xprouting
was practically absent.

The crates lined with waxed paper on four sides decreased in
weight very rapidly because of loss of moisture irom hoth packing
material and plants. From the results of previous experiments it ix
perbaps safe to assume that most of the loss of woisture from the
plants occurred alter the pe.ing material bad dried considerably.
In any event this type ol packing is not satisiactory for atm-:we
outdoors where the relative hwmidity gets low daily and much air
movement occurs, Sprouting was about as abundant as it was in the
crates containing wet packing material and wrapped on six sides,

Desiceariox ToLERANCE

Desiccation tolerance iz a measure of the degree of {ln'mrr which a
plant can undergo and still recover readily when water is again made
available. The test used in the present waork has been that of recovery
ol the transplants in the field or in pots containing soil.

The procedure in all cases was exsentially the same. Plants were
randomized on a floor space and allowed to dry for various period-,
At the end of each drying period <amples were taken for determining
moisture conlents and pl.mLm“‘

Preliminary results ** with pardally hardened topped stock in
October 1947 <howed that dryving for varions periods up to 3 days
resulted in a decrease in the number of plants ~prouting after 7 to 23
days in pots kept ouldoors. Moizture-content changes irom the
initial 61.3 percent to 33.2 percent did not sigmificantly reduce the
rate of recovery over that ol the controls, but greater meisture
changes warkedly decreased the rale of recovery. Since the experi-
ment was discontinued afier 23 davs, survival vadues were not
obtained.

A stady of desiceation tolerance 't of plants of the ~ame source
I month later gave data which are essentially total recovery values
for the first scason in the field (table 81, .\ comparison was made of
potted and feld plants in thiz experiment, and the results showerd
that the percentage of recovery was uot greatly different for the
twao types.
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[nn January 1944 Indio stock was prepared for study. Oune group
ol plants was root-pruned {undercut) 7 days before digging and ®
topped when dug; a second group was topped 3 days hefore digging
and root-pruned when dug; and a third group was topped and under-
cut on the day of digging, All tops were mowed at 2 to 3 inches, and
the taproots were severed at G to 7 inches. The plants were compared
with respect te desiccation toferance and effects of common storage,
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Fioure 8.—WRelation of degree of desiccation before transplanting to percentage of
survival of guayule nursery stoclk grown at Indio, Calif, and subjected to three
different treatmrents prior to transplaating.
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The stock was dug and packed (waxued paper on six sides, no pack-
ing materialj on Janml) 13 and wkon o san Clemente for further
treatments. Four repheate crates of each treatment were stored for
cach of Z-day and 2-, 5- | and 10-week periods, Plants {or the desic-
cation tolerance were taken from the crates not stored. Desiccation
occurred while piants were spread out on a floor. The results from
the study ol common storage and desiceation tolerance wre presented
in figure 8 and iabie Y. The critical moisture contents, ur desiceation
tole:dmu for the plants of the three treatments did not differ greatly,
The critical moisture content was deternined by using inter p:;ldted
values in the percentages of recovery and moisture contents. For
example, in the plants topped 3 days before digging the 30-percent
recovery point (based on controls) is directly above 30. S-percemt
moisture. 1f it is assumed that at 50- -percent recovery half of the plant-
are at or above the critical invisture content and grow and the other
half are at or below the eritical moisture content amd fuit (o grow,
then the mean moisture content {or all of the plants would “be «
fairly accurate measure of the critical value,

Tame 9—Nwival and moisture conlerls af guaywle nursery stock suljected o
3 prediyging treatmonts and stored for various f’euo:is

p . _— e Plangs Mogstyry
reatorage iteatments anl stoerage perinds DTS g . LTIt
Mants smdereut 7 days Lefore digeing and topped 2t JJig
gy Lime: Prrienmt
Zidays tim
2 neeks 4.5
5 weeks 435
Foweeks - L . .0
Planis undercpt at d:“,m;, tune Lt topped 3 d.ns Iw e
HECTR =8 iw A
2 wewks Q0 L
5 weeks #9.5 .2
b1 woeks < 933 : 5B
Blangs wtmterct and H
2idars . 92} . nl3
2 weeks L5 i 3
3 weeks i gt
1V weeks ? DA : 3.3

*Temperature range 42° o Z4%; mean abopt 53° F, Relative humudity range 10 40 % percent,
aean aboul b} percent.
*irrigated after planting,

For the storage part of the experiment plantings (table 41 were
made on ]anuary 13, jamnr; 27, February 17, and March 23. The
last count of plants growing was made on May 20. The pereentages
are high for each of the three treatments for all the peritls of storage.
The slight drop in recovery for plants stored 3 weeks might have
been associated with the climatic conditions. In table 10 the dates
and amounts of rainfall which occurred during the expernment are
presented; it is inleresting to note that alter the planting ou Febru-
ary 17 there was 2 period of wet weather.

Moisture contents of the stored plants remained rather hich
throughout the 10-week period, Very few plants sprouted in the
crates, and all of the sprouting seemed to take place during the first
2 weeks of storage, A slight amoeunt of superficial mold was observed
at the end of 2 weeks; but parasitic {fungi did not appear to be
present, as no evidence of their activity was observed,

CO8130- a7 4
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Taueg 10— Reinfall ot San Malco nursery, San Clemente, Calif,, during period of

making plantings from the guayule storage cxperonent

Date

Amount of jrecipitation

Bate of planting

Suason o date
Jnnwnry 3.,
Hhuauary 6
Jantetry 1
January 37
Felirwitry 3
Februavy 4 .

Inghes
6.63
19
.21
u

[t}
8
03

}annary i5.
anury 27,

Fobruary 16, .
Febeuary 17 oooviaans Febroary 17,
February 20 .., Caa

Felirmry 21 ...
Felruary 22 .
Felsrunry 23 .
Februgry 23
Februnry 26
Mareh 1

March 4

March 13
Alarels 23

tpiareh 23,
April 27 ...

1 Plating iropnted same day,

In gencral, the preundercut plants seemed to show greater desic-
cation tolerance than either pretopped or check plants. Perhaps the
preundercutting made the stock slightly har (her as indicated by the
slightly lower mitinl moisture content.

In another expertment on desiceation plants were selected on the
basis of caliper from a single location of the nursery. The plants
used were 3/16, 1/4, and 3/8 of an inch in diameter at the root crown.
Approximately equal amounts of plant tissue were used; so in each
of § replications 40, 25, and 10 plants were used for the 3 sizes, respec-
tively, The plants were weighed at intervals over a 9-day period
and then dried in the oven (100" C.) for determination of their dry
weights. Percentages of moisture were calculated for each time of
we lrrlnng, and the values obtained were plotted (fig. 9). The results
showed that 1 of the {aclors in the rate of desiccation is size of plant.
It was [ound that the plants of small diameter dried out more rapidly
than did the larger ones. This difierence is of considerable importance
when irrigation or vain does not follow planting within a short time,
L‘::p(.(.‘l'l“) under conditions of rather dry soil and warm weather.

Desiceation tolerance was also studied in velation to watering the
plants belore digging. Well-hardened i8-moenth-old plants were u:aed
before the winter rains hegan in October 1944 at Salinas {table 11},
Half of the plants were watered 2 days belore digging and the rest
were left dry, Plants with roots pruned to 6 inches and tops pruned
to 2 inches (leafless) were used. Moisture determinations for wet and
dry plants were mude at the beginning of the desiccation. At 0, 3. 6,
9, and 12 days, 10 replicate bunches of plants were picked up and
wrapped in waxed paper and then plunged in moist shingletow., On
the fifteenth day after digging, the plants were unpacked for a deter-
mination of moisture contents and for the planting of samples in the
field and in crocks ol scil in the greesnhouse, For each desiccation
period 70 plants were planted in the greenhouse and 100 in the field.

The initial moisture contents for wet and dry plants differed by
about 10 percent (that is, wet plants were 3.7 percent and dry
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ones 40.8). After 13 days in storage under the conditions mentioned,
the wet plants had become 2,6 percent drier and the dry ones had
become 0.4 percent moister. The plants which were desiccated 3 to
1Z days had descending moisture contents, with slightly higher values
for the plants watered hefore digging than ior those not watered
{table 11).

After 11 weeks the growing plants in crocks in the greenhouse were
counted, Under the conditions used there was no significant difference
in numbers growing between the wet and dry plants, although for
the 9- and I2-day desiccation periods there were fewer dry plants
recovered than wet ones (table 11). In the case of the samples planted
in the field, however, counts after 444 months showed a highly
significant difference between the watering treatiments. The plants in
the greenhouse were watered immediately after they were planted,
but those in the field were set in moist soil and received only rainiall,
The conditions in the {ield may have served to exaggerate the dif-
ference in survival due to watering the nursery stock before digging.
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Figure 9.—Relative rates of desiceation of guayule nursery stock in relation to size
of plant. The plants had d-inch taproots with the laterals removed and were
three-fourths-topped, so that no leaves remutined.
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Taste 11-—Effect of waicring well-hardencd 18-month-old guayule nursery slock
2 davs belorc digging on desiceation tolerance

Predigging Plants surviving when planted in—

treatment and Maisture
desiceation uotitent )
periatl Greenhouse Tield

Watered: Poreeat Pereent Ferecut
da 43.1 7, 96

i2 days ...
Not watered:
0 day

6 days ...
o2 days ...
12 days ...

HeaTinG

Unhardened guayule plants heat very readily when packed, as was
determined by an experiment in April 1943, when unhardened nursery
plants were sent from Carlsbad to Salinas, Calif. During 3 days in
transit via railway express the plants heated to such an extent as to
become blackened and dead. ™

Such damaging effects can be overcome without refrigeration by
properly packing the plants to dissipate the heat. Moist shingletow
(150 to 200 percent moisture) as a packing material in crates half the
standard size and wrapped with waxed paper on four sides was {found
to be effective in dissipating the heat during a 5-day packing and
shipping experiment in May 1943. 15 Unless some special procedures.
such as transplanting root-pruned plants, are in progress, however,
there is little reason for packing unhardened stock as it will not sur-
vive ordinary methods of transplanting anyway.

Ordinarily, in common storage the external temperature fluctuates
several degrees daily and it is not easy to detect slight heating of
hardened stock. With this in mind an experiment to determine the
extent of heating in well-hardened stock was started February 23,
1945, Stock of two heights was chosen to provide both leafless and
somewhat leafy 3-inch tops. Six standard crates of each type were
packed with waxed paper on six sides. Three of each were placed in
storage at 36° to 38° F. and an equal number at 76° to 78°, Elements
of soil thermographs were inserted in one crate of leafy plants and one
crate of leafless plants at the higher temperatures. A Weston dial
thermometer was inserted in each crate. During the experimental
period no rise in temperature above that of the storage rooimns couid
be detected in any of the crates. Examination of the plants at the end
of 18 days revealed that at the higher temperature all the old leaves
had dried and about half of both lcafy and leafless plants had
sprouted; peripheral planits showed moderate desiccation of stems
and roots, Total loss of net weight by the plants was 10.2 percent.

* See footnote 19, p. 20,
» {Inpablished office report by L. Machlis and L. C. Erickson, formerly assisiant
physiologists, Special Guayule Research Project.
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On plants in cold storage no sprouting was observed and the leaves
appeared green and unchanged. The conditions attending the plants
of the lower temperature had reduced the loss in net weight to 3.6
percent, or to about one-third of that at the higher temperature.

This experiment substantiated general observations in other experi-
ments that topped stock in a hardened, nearly leafless conditon did
not liberate heat rapidly enough to increase the temperature of the
plants noticeably, at least not when air circulation occurred among
the crates, even in the temperature most favorable for respiration.

TRANSPLANTING AND POST-TRANSPL/ NTING RESPONSES
DEeGreE ANp SEasoN or TorrIvNG

In order to test the possipilities of transplanting over a larger part
of the year than the usual winter and spring scason, an experiment
was set up for making monthly transplantings for a year. One nursery
bed with approximately 30,000 seedlings was selected because it con-
tained fairly unilorm plants throughout. The bed had been sown
May 1, 1943, and had grown with abundant moisture until September
1, when it was chosen from several others that had received the same
treatment. No further water was given the plants, except the neces-
sary prewatering of the section to be dug. During the period Septem-
ber 1, 1943, to October 1, 1944, approximately 13,6 inches of rain fell
in the vicinity of the nursery and 80.1 percent of this occurred during
December, January. and February (fig. 10). The plants made a slight
growth in April as evidenced by a few new leaves and scattered .
flowers on approximately 10 percent of them. Thus the plants were
either drought dormant or cold dormant during most of the experi-
mental period.

PLANTS GROWING
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Froure 10—Survival of seven-eighths-topped guayule plants in 12 consecutive
monthly transplantings, together with monthly mean maximum and mean minimum
temperatures and monthly rainfall.
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For each transplanting a section of the bed was dug. During
December, January, and February prewatering was unnecessary as
the ground was already moist, but during all other months the plants
were prewatered 18 to 24 hours before digging, The plants were
selected for uniformity of size as judged from root-crown diameter,
stem height, and single, healthy taproots. Absolute size criteria for
the whole period were not established, since it was realized that the
stock would vary somewhat in different parts of the bed and also

a

Figure 11, —Guayule plants topped to five levels and used in monthly traosplanting
experiments i November 1943, when they were 0 months old ¢} and in June
1944, when they were 13 months old (#): 4, Untopped; &, half-topped; ¢, three-
fourths-topped ; d, seven-vighths-topped; ¢, topped to crown.
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that at least the diameter of all plants would change during the period
of the experiment. Therefore, the plants were selected within general
limits of 5- to 9-mm. {approximately 6 32-to 11 32-inch) dinmeter at
the crown and Letween 10- and 24-cm. (approximately 0ty- to 90
inch) stem height and all roots were pruned Lo lengths which varied
only between 13 and 18 ¢ (6 and 7 inches). The setected plants of
each monthly group were then randomized into 32 bunches ol 20
plants cach, To these, 5 topping treatments were applied (10 bunches,
or 200 plants, per treatment), and 2 bunches (40 plants) were used
for gross measurements and carbohydrate determinations,

The plants were arbitrarily topped in such a wanner that the fol-
lowing amounts of top, or stem, (by height) were remaoved: None,
one-half, three-fourths, seven-eighths, and all (topped to crown)
{Tig. 11}. The absolute units for these tapping levels were based on
the plants selected for the initial planting and were used for all plant-
ings. Topping to these levels leit all {approximately 8 inches).
11.2 em. (approximately # inches), 5.6 cm. (approximately 2 inches),
2.8 cm. (approximately L inch}, and none of stem remaining.

After the digging, selecting, randomizing, and topping. the plants
were wrapped as individual bunches in heavy waxed paper. This
entire process required 2 to 3 hours for preparation of the 1,000
transplants. The planting took place in all cases in less than 24 hours
after digging. The planting was done by hand in randomized ficld
plots, and furrow irrigation was applied within 24 hours except during
the rainy months (December. January, and February). when the
ground was wet by irequent showers. The Decenmber planting was
made in the rain, showers fell belore and after the January plauting,
and 2.05 inches of rain {ell on the fourth day after the Tebruary
planting.

Figure 12 shows the mean crown diameter, height of stem (includ-
ing highest Teaf), the dry weights of leaves, stems, and upper 6to?7
inches of taproot, and the reserve carbehydrate content of the plant
axes after removal of the leaves, as determined from samples of the
stock used in each planting. Perhaps the main source of variation in
these measurements was the variation in plant size in difierent parts
of the nursery bed. Since the plants were dug by machine, it was
not feasible to randomize the arcas for each individual supply of
nursery stock. Probably the most important thing to be noticed is
that the over-all size of stock changed very little while standing in the
nursery for 12 months. Growth appears to have heen retarded by cool
temperatures in the winter scason and by lack of water in the sum-
mer season.

Although there appears to he no standardized way of determining
the degree of hardening of plants, it is perhaps useful to describe in
general terms the condition of the stock as it was in the nursery dur-
ing the various seasons. After cessation of watering on Seplember 1,
1943, there was little change in appearance of the plants prior to the
first transplanting on October 3. Severe willing never resulted (prob-
ably hecause of the heavy clay soil), but the lower leaves started to
fall'in Qetober and flowering stopped earlier than on stock that con-
tinued to reecive water. Carbohydrate analyses indicated that re-
serves were accumulated during the winter {fig. 12). In the spring
these reserve carbohydrates were utilized for new growth, as in-
dicated by the much lower percentages at that time,
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Since no water was applicd during the second summer and the
rainfall was very slight after April 15, 1944, the nursery plants quickly
exhausted the readily availabie water from the soil before much new
growth was made. General inspection showed approximately 0.5 cm.
of new stem added to each old branch. Only about 10 percent of the
plants in the nursery bed flowered at all during the spring and sum-
mer. With the onset of drought conditions the levulin content quickly
rose and there was a further shedding of leaves, which lelt only
terminal clusters of small teaves {fig. 11). The plants would be con-
sidered drought-hardened from the latter part of June through Sep-
tember, and in general they were in exceptionally good condition for
transplanting during this period when topped sufficiently to remove
the leaf clusters,

Subsequent to transplanting, each plot was irrigated once, Thus,
during the sunimer and fall months it was necessary for the plants
to recover quickly or else soon be limited by a moisture deficit. The
data shown in table 12 were taken at various lengths of time after
transplanting and include ounly those plants that definitely showed
new top growth. In the late-fall, winter, and carly-spring months
a longer time than in the warmer months was required for new
growth to appear in all treatments. Plants destroyed by cultural
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TasLe 12—Relation of date of transplanting and extent eof lopping lo grozeth
restmplion in guaynlc

. i Period to
Frausplantig date reach

amnd kind of Flants growing ! percentage
sStu shown

October 58 19 Pereeus Dayr
UTMEOPPOL 1t ramne s st irarr s an e -}3.-‘-"*__‘-?--; 228
Hap-wpPed L ivarirresrirarai ettt iran s 84,2 28
Three-fgurihs 2opped o iriiirriirirsiser s #3042 46
Seven-eighths topaed oo ierairirrarrir s e PR B 25
Topped to crown ..... P FYxLE i7

Noventber 3;
LUHEUPENE 1 ursa e vmrearessssttsartnsaninsartnnsssnsessinersins 6!.(}&:3,.0 199
Hlati=topped oaiiirririnesme e heerreesan #3442 199
Threc-fourths-topied coverviirriaiiersvin-- B3y 2.0 16
Bevere1ghths topped i ii s B 16 3G
Tupped 10 CTBWIE ooy ereiiatsnitsrsrrrrmsrternstonnantoniis EER et B 24

December 43
sitopped aeiieeeiieoas Neartriredra b s e P 145417 178
R SUNLILIIII essEss 170

Haibrtopped i iiiirrnrasimeneens
Three-fourths topped ..ooiviivieas
Seven-cighths-topped .o, ... Vedsareasirseanne Y
Topped 40 CrOWI tuiiariiinsarsriatrssaarersnmasssrerantiss 7L

1944
Jasuary 10:
Unropped i e s e
S
Threefeusths-topmsd o ooiiiiiiiiirririissrsnararianacars .
Seven-eighths-topped oo it e
Topired 16 CPOWH iiiiiiciariieissierioirarisrssirisnieanns
Fehroary 177
L tuf it C ey asssanisaaisir s arar s s PP
Hal-topped oorviviinrramrir s s i
Three-fourths- OPPe] Loiiisiiriaasianan
Seven-cighths-topoed oo iaie o
Topuid (0 CrOWH L orinirarairrvsraresrssiniarssstrssnarnanns
Mareh 13:
LT L 1204
Bl tupped ittt tiat it et a it it i s s s arar 33.04
Threefowrths-tapped Lt . . 85.5
Seven-GElRs-1opuEd oy iiriaiririiarrisisrearsiarrerirenas
Tupped 10 CTOWH o uuiran i inrrietaasrirmsstmanirarmaasinans B0
April 15;
L T
Half-topped i iiierrairiesamtsbaamanss
Three-fourths-togped s,
Seven-cighths-topued oovioiiiiistisiairiasiicsiaircrasanas
Tonped 18 ErOWIL L isuinnsrssnmansrrmrrssrasrrsisrernrsrenas
May 15
Unlopfed o urvecarnrrraissmsrrnnncasiasrssarssatsrsasssrsasiss
iia!i-:cg);:ccl e H e b s b ke e b et hakrn e ma kb e
Three-fourthstongied vosiiverririasiarrarnarerassoarsinas
Seven-eighthis-topped couiiiiiraaviciir e mrr i
Topund 10 CTDWH weersrrisanrentssnintrnissiosrasiisaasaraan
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TapLe [2—Relution of dute of transplanting and cxtend of topping to growth
resumplion in gwayile - Coutinued

i v Poriod to
Transplanting date

reach
anit kiud of Planis growg percentage
stack shown
944 "
Sepember 19; ?:"jr:{, D::
Lintopped Jie22 3
HMalfropped ..., 00T wraar H.9x24 =;U
“Three-1onrths- loppe . SR El's 230
Seven-eighiths- topped HLEAETEST]
Topped 1o crown

EENESS I 230

12-month mean;
L
'E-f:d'f-tog;;md
Thvee-lourtdis - topped
Seven-cighths-topped ..
Topped w0 crown ,....,.....

Plhe pereentages did nov fugrease aiter the perined shown within the -monih period of
1his experiment.
3 Xo carler counts magde.

operations were omitted from the percentage caleulations, Damage
from jack rabbits was prevented by fencing. This was an important
conskleration as other unprotected plantings were foraged by this
rodent to a considernble extent.

The plants not reported as growing in table 12 need not all be
presunied to be dead, as a large proportion of the HONETOWers re-
mained alive, but vegesatively inactive, for at least 12 months after
being transplanted. The counts presented for each monthly planting
were the highest values in period indicated, and they had steadily
increased. Under the conditions of these tests the counts made there-
after did not change appreciably, but an additional number probably
started to grow during the second spring (1943},

From table 12 amd figure 10 it can be seen that the seven-eighths-
topped plants consistently showed high percentages that grew after
teansplanting. Those three-fourths-topped were similar but gave a
slightly lower percentage {ltg. 12). All other degrees of topping
showed greater seasonal fluctwation, Plants topped to the root erown
did very well in the periods that permitted quick growth, but they
showed a decrease in the fall and winter months when temperatures
did not permit rapid growth {fig. 10). Transplants topped to this
degree appeared to he more susceptible to rotting than the other
groups when quick growth resumption was not possible. Very good
sprouting was also shown by the three-fourths-topped plants during
the late-summer and early-fall period of the 1944 scason, at which
times the plants possessed no old leaves when topped.

Untopped and half-topped plants were highly variable, but as a
whole they were not satisfactory in respect to quick recstablishment,

In order to show the relation of season of the year at which the
plants were transplanted and the severity of topping to survival,
figure 13 is presented. These graphs show the advantage of severe
topping for all seasons and the disadvantage of no stem material in
the winter and spring months. There was a definite tendency toward
lower survival percentages for plants transplanted during the winter
months, This response was due at feast partly to a slow rate of sprout-
ing at low temperatures and the consequent changes brought about
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thereby, As shown in table 12 there was a steady drop in the survival
percentages of the seven-cighths- and three-fourths-topped groups
from November through February with higher survivais therealter.

The eiiect of season on survival of the most favorable tepping
level (seven-eighths-topping} is shown in figure 10. Tt may be seen
that there is a close correlation between the mean maximum tempera-
ture and survival. Statistically this is highly significant {f value of
0861 with 0.834 required at the 1-percent levelj. Also the negative
correlation between rainiatl and survival is highly significant (§ =
0.932 with 0.834 required at the l-percent level). It is impossibie to
say from the available data which of the two cavironmental factors
is more important in accounting for the decreased survival in the
winter months, As shown clsewhere in this bulletin, the temperature
in the winter practically precludes vegetative activity in guayuie.
Also, under exceedingly wet conditions the plants are more likely to
rot (4, 18).

Quick recovery and high percentages of survival are the primary
considerations in transplanting guayule. Other questions, however,
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transplants, Salinas, Calif.




TasLe 13—Fresh weights of guayule shribs resulting from transplants topped to Jiﬂ'crcut levels

Mean weight per plant topped as indicated
Approximate
period in
field

Transplanting
date

B Three-fourtlis- Seven-eighthse Topped
Untopped Half-topped topped ] to erown

Months
15

Qctoher 1943 woie . lvivinanss
December 1943 ..., i3
February 194 ...... . 11
April 1943 L. ... 2
June 1944 Lo e 7
August 1994 J.ooniviniinnas "5

i e 1]
WO OOV

Mean il fvasesaeargansn sesiiys 120.2

! Each value is a mean of 100 plants except in cases such as this where 100 plants did not grow.
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are worthy of consideration. (1} Is the size of the resuiting plant
afiected in any way by the degree of topping? (2) Is the shape of the
resulting plant affected by the pruning done at the time of trans-
planting? Some information has been gained on both of these points,
although the limited time of the experiments prevents a final con-
clusion as to the importance of the observations. Table 13 shows
the mean {resh weight of 10 growing plants for each replication (100
plants in each mean except where fewer plants were growiny as, for
example, when they were untopped) for 6 of the 12 monthly plantings
as found on January 2, 1945, ;nore than 100 days after the linal plant-
ing (September 19, 1944). Tn most cascs only 1 to 5 untopped plants
of the original 20 per replication were growing. In some cascs these
started to grow only a few days later than those topped short, yet the
mean weight was less in each of the 6 plantings sampled than in some
of the topped plants. There was considerable variation in the mean
weights of these young plants, some of which is not readily explain-
abie, The mean weight of plants in each topping treatment of the
Febrnary planting was, respectively, less than those of the April
planting even though the former was in the fieid 2 months longer
than the Iatter at the time of harvest. This was also true of the per-
centage of plants growing and may be related to some cdaphic factor,
physiological condition of the ptants, or some unmeasured variation
in cultural practice.

A more direct epmparison of resulting plant sizes is shown in table
14, which gives the fresh weight of the largest single plant in each
plot of 10 plants (9 replications and 2 different nursery stocks) grown
irom April 17 until December 15, 1943, with 3 irrigations during the
summer period. The comparison is between untopped transplants
and those three-fourths-topped {2 inches of stem remaining). These
18 plants were growing within 21 days after transplanting, but under
these conditions they showed no significant difference in size after
the [irst year's growth, regardless of the initial topping.

As lor the resulting shape of the plant as a consequence of pruning
at the time of transplanting, it was evident at all seasons of the year

Tauey —Effcct of topping o the fresh woight per plant of the largest pravule
plant per replicate, planted April 17, 1943, after 1 scason’s growth nnder irvigation

Steck A ' Stock 1
{dug at time of transplanting) {dugin Fcb‘:lt""ﬁ;i‘::‘;l sIt,{’)r ed 0 days
. Thiree.fourths. . Three-fourths-
Untopped :opped s Untonped “eﬁ,pg‘eﬁ 1s
Grams Gram Grams Gres
157 23 446 423
364 4358 J59 482
i 453 577 164
08 443 483 kil
3t I8 453 461
303 447 447 NG
451 34 453 339
411 M 4 395
356 406 542 396
P 3R1-28 1462421 LR g 133 R25

' Mean; differences between uniopped and three-fourths-topped swock nat significant.
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Frevre 14 - Representative guavale plants oy they
(-1, after 4 monihs in the Held wnder 1
in the ol 1t
apart, Note the many small wmain branches of the topped plant {¢) and the Tewer
lurger main branches of the utoppal plug (h) s s difference seems 1o he
persistent,

appetred  when transplimted
lid alt condhitons (#), and atter 15 months
and 22 Toppad s b astopped, The plants in 8 were ont
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that the more severely the plants were pruned the nore closely the
resulting bush grew to the ground (fig. 14), Also, the branching was
affected by topping with an increased number of branches resuiting
in the more severcly topped plants (three-fourths-, seven-eighthis-,
and erown-topped groups). Whether these responses are overcome
aiter the first 13 months of growth is not known, however; but, as
shown in {igure 14, B, there 1s a larger number of branchies from the
original stock topped below the leaves. This effect is stmilar to that
resulting from pollarding established plants (74),

An important consequence of this difference in form between un-
topped and threc-fourths-topped plants is found in rubber conteats,
as is shown in table 15, where rubber percentages are presented for
8-month-old shrubs matched for size. These plants of very nearly
identical mean size show a significant difference in rubber percentage
in favor of the topped plants. The probabic reason {or this difference
lies in the greater bark-to-wood ratio of the smaller and more numer-
ous branches of the three-fourths-topped plants.

Tane 15—Rubber contents of untapped and threc-fourths-lopped graynde trans
Mants afler § months v the fiold oith 5 frvigattens during the sonwmer

iMlants were nutiched for sizeg each determinantion i3 a mean valoe for 4 plant replications

Untopped plonts E Three Dsrths wopge | planes
'
ey weighl Rubber ? Dry widght Hubbwer
per phit coltent } per plaait cutttent
Crams Pereent j Creamf Pervent
2.2 4.ED i 105,0 5.18
8.7 i 538 101.5 5.67
$0.6 { 4.83 ' 9.7 492
73.5 i 471 ' ing ER N
5.2 : 454 ; FLXi 343
13879 i 1T 4] : THR2 L2543
! Mean,

3 Value regoired for significance at 3-percent level between ancan rubber percentages is 0,57
prreent,

The 15-month-old plants appear to be ol equal size in figure 14, C,
but the difference between three-fourths-topped and untopped plants
after they were cut up is clearly shown (fig, 14, £}, It may be seen
that there were three times as many main branches in the fopped
plant as in the untopped one. The smaller dinmeter of the more au-
merous branches indicates a higher bark-to-wood ratio, or more par-
enchymatous tissue for storing rubber,

Additional data showing the tendency of topping to produce a
shrub with slightly higher rubber percentage are prescated in table
16. The grams of rubber per plant were caleulated to show {hat when
size of plant is also taken into account the difference hetween topped
and untopped plants tends to become greater. This comparison of
topped and untopped plants would naturaily apply only to nursery
stock of the shape used in the studies. It will be reealted that the long
axis of untopped plants {fig. 2) was the result of dense stands in the
nursery. Much sherter nursery stock or less crowded plants of the
taller sort would probably not show these dilferences between topped




TasLE 16-—Effect of topping guavule nursery stock on sise of plant and rubber conteitt

T——
Planting Period Plants Topping
date in field harvested level
Months Number
8 37 UCntopped.......oio oo
8 37 Three-iourths- mpped
8 33 Untopped.....covieniainen
8 33 Three-fourths-topped. ...
15 76 Untopped.. VO
15 100 Half-topped..
15 100 Three-fourths-topp:
15 160 Seven-eighths- toppcd....
15 100 Topped to crown.........

Dry weight

Rubber Rubber Pla,

or nts

é’ro‘\{’i”i‘gﬁ content per plant growing

Grams Percent Grams

3329007 2984020 PR
3.344% .11 342+ 15 93 *1.5
4,774 47 3.63% 37 84 *40
5263 .15 5.61% .43 88 29
5.00% .07 3333 7 32.5%33
512+ .12 3.324 .32 78.0%+5.2
517 .06 3.863 .11 87.3%32
5.16% .16 3.70F .17 96.3F1.4
5.20% .18 3.36% .14 91.6%1.6

—

1 April planting was 1rngated 5 nmes, October plantmgF\\ as

zSmck dug in February and stored 60 days at 30°~34

irrigated once (imimediately

after planting).
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and untopped plants so definitely. Howev:r, the important point of
the comparison has been to demonstrate that topping of nursery stock
has not had deleterious effects on size, shape, or rubber content
of the shrubs produced, but it has tended to result in a thearetically
ideal plant; namely, one with many small branches and, thus, high
bark-to-wood ratio for the storage of larger amournts of rubber.

Root LENGTH

Two experiments were conducted to test the relation of root leneths
to responses after transplanting in the field. On October 1, 1943, at
San Clemente there was made one experimental field planting in
which the length of root and the height of top were varied in combi-
nation. The planting was made in randomized bincks with 20 plants
per replicate and 10 replications. Four lengths of top were included,
but the data for only half- and three-fourths-topped plants are pre-
sented (fig. 15). The plants showed slower sprouting rates and lower
survival percentages as the length of ton was increased in all root-
length categorics, The half-topped plants bore several leaves, whereas
many of the three-fourths-topped ones were leafiess. The plants grow-
ing in the first 30 days were able to do so by virtue of the initial irriga-
tion at the time of fransplanting, There was no appreciable increase
thereafter until the winter rains fell, beginning in December. after
which all groups showed increases, The 200-day counts represent
survival under the conditions used, as the lack of water thereafter
precluded sprouting. A combination of 7-inch roots and removal of
three-fourths of the ton gave the nuickest starting and the highest
percentage of plants that grew. \When the roots were 9 inches long
the survival of the three-fourths-tanped plants was slehtly but
significantly less and that of the half-topped anes insignificantly less.

A similar experiment at Salinas showed similar results excent that
there was an insignificant difference in the ultimate nnmbher of nlants
growing in the 5-. 7~ and 9-inch root classes after 180 davs. There
was, however, a nositive correlation between the length of root and
the rate of sproutine (fig. 15).

Tt is perhaps well to emphasize that these exneriments were both
started during the fall and that the plants with the shorter roots
probably had their optimal chance of surviving during this neriod.
Summer plantings would most likely exaggerate the differences
found. since a greater water deficit in the short-rooted plants would
accompany the higher temperatures of this season.

In order to zain some insight as to the relative ability of different
portions of the taproot to reeenerate lateral roots. in August 1944
there was conducted a greenhouse experiment in which the trans-
plants were placed in aerated water. Tt was desired to determine to
what extent the structure {longitudinal pogrition) of the tanront gov-
eins the development of new Iaterals. Tn other words, is it desirable to
preserve a certain, definite rezion of the tapront when transnlanting
or is any reginn capable of roat regeneration if in the proper physio-
loeical conditinn?

Five hundred and sixty well-hardened nlants of the usually selected
size and uniformity were randomized into 20 replicate groups of 28
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Figure 15.—Effect of root length on recavery of half-topped and three-fourths-topped
guayule transplants in the field: A4, Planted on October 1, 1943, at San Clemente,
Calif.; B, planted on November 1, 1943, at Salinas, Calif,
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plants each. Seven topping treatments were combined with 4 root
lengths so that 28 treatments were applied (1 plant per treatment;
20 replications).

The pruning treatments applied were as follows: All tops removed
by topping at the root crown (TC); 114 inches of defoliated stem left
(T-134); 3 inches of defoliated stem leit {T-3); all stem material
left but only 1 side branch undefoliated and this bore 4 to 6 small
leaves in a terminal cluster (1-TL}; the same with 2 terminal tufts
of leaves (2-TL); the same with + terminal tufts of leaves (4-TL);:
and full top with approximately 8 tuits of leaves {UT). These condi-
tions of top were in all combinations with 3-, 6-. 9-, and 12-inch tap-
roots from which all old lateralz were removed. The plants were
grown for 21 days in aerated tap water in 20 cracks of 3-gallon ca-
pacity with the 28 plants in each crock supported in holes in mazonite
lids. The temperature was uncontrotled and varied from 63° to 757
F.. with daily fluctuations wirhin this range.

After 21 days the plants were removed and counts made of new
roots emerging on each Ili-inch segment of the taproot. measured
away from the root crown. The mean determinations for rooted plants
are shown in fable 17. Rooting in the two groups with the most leaves
{four and eight or more terminal clusters) was negligible. even with
12-inch roots, and counts are not presented for them. No distinction
as to length of new roots was made in the counts. )

There arve numerous factors involved in the initiation of roots.
Environmental factors such as temperature, light, and water are
important both individually and probably in many possible combina-
tions with internal factors. Carbohydrates, auxin, bictin, and some
as vet unidentified substances all appear to play a role in roat initia-
tion (27). The present results represent over-all responses without
purporting to assign specific effects of individual factors. With this
in mind certain general effects and the interre’i¥on of top and root
can be described. Within limits, the total number of roots initiated
under the present conditions was directly related to the length of
taproot transplanted. If the total numbers of new roots in the upper
and lower halves of the taproot were considered irrespective of the
length of taproot or the condition of the top. the greater number
always occurred in the lower half of the root, This was highly signifi-
cant statistically and clearly indicates the possibility that the region
of the old taproot is less important than the fact that the particular
region oceurs on the lower part of the taproot, which. of course.
would be expected on the basis of the polar migration of internal
growth factors which arise in the top (24, 27).

The amount of top left on the plants also had a highly significant
influence on the number of roots initiated. In general. the more top
left the greater the number of initiated roots, but as haz previously
been shown (7, 22) leafy transplants usually do not root readily and
when numerous tufts of leaves were leit attached the rooting was
poor.

The effects of the increased amount of top was most marked on the
lowest 1%4-inch segment of the roots. It appeared as though with
increased amounts of tops the additional amounts of growth factors
moved to the distal end of the root and resulted in the formation of
many roots there,




Taste 17.—Distribution of snew roofs on guavule transplants in water culture after 21 days for 5 degrees of opping and 4 lengths of taproots
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RELamivE CaniER oF TRANSPLANTS

For various reasons a considerable part of the nursery stock is
discarded as culls. As may be seen in figure 1, many of these plants
are not used because they iall below an arbitrary minimum-size imit
set for acceptable planting stock. To determine whether these small
plants are less desirable than the large ones, an experiinent was con-
ducted in which ail of the plants {commercial strain 393) were taken
from a small part of a nursery bed at San Clemente in November 1943
and graded for the following sizes: 430, 32, %30, V240, and 1935 of an
inch, Their modal size was 1Y, oi an inch. Two hundred plants of
each size were planted in 20-plant randomized piots replicated 10
times. The plants were three-fourths-topped and had 7-inch roots.

The results showed that {ewer of the small plants survived {table
18) and that the mean size of those growing was somewhat smaller
affer 13 mouths in the field than was the mean size {or the plants of
greater initial caliper. However, it was noted at the time of harvest
that the variation in the plants was not the same ior each treatinent
tfig. 16). The harvested plants were weighed individually, and an
analysis of variance was made of the coeificients of variability. The
highly significant differences found were due to diffcrent percentages
of aberrants and slosw growers (&) in each size clasx of nursery stock.
Thus, the smallest nursery stock contained the largest number of
backward plants. From a practical standpoint these results are ol
considerable importance for it may be seen that an cilective way of

Flerre 16.—Relative merits of large and small plamts m guayule nursery stock
(eommercial strain 5933, Plants from a single locality in the nursery were sorted
to ealiper aud planted in the feld. The row in the foreground and the third row
show unifom shrubs made by 1Z3s- and ¥e-inch plants, respectively. The highly
irregular second row was produced by ia-inch plants among which were many
genelie slow growers.
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culling many of the aberrants and slow growers is through an elimina-
tion of the plants at the lower end ol the size range.

Plants of a second experiment on caliper were planted about 10
days after those of the [irst one, and in this case the mode of size
distribution was 5/32 inch. The difference in mode was due to soil
type rvather than to density or irrigation practices. The sizes used
were 4/32, 5/32, 6/32, 7/32, and 8/32 of an inch. Since these plants
were of the same age as those of the previous experiment but dii-
fered in mean size and thus probably in hardiness, the percentazes of
survival are of particular interest. \Whereas in the previous experi-
ment the smaller plants showed considerably lower survival than
those ol larger caliper, in the present experiment the sarvival was
just as good for the smallest plants (table 18), However, the same
concentration of slow-growing plants was lound among the plants of
smallest caliper.

Until a true-breeding strain of guayule is obtained, the practice of
discarding the smallest plants in the nursery stock is justifiable from
the standpoint of eliminating aberrants and genctic slow growers.
However, the data indicate that size of transplants as such, within
reasonable limits, does not result in a greatly different size of shrub
aiter about a year's growth,

Tance 18 —Swurvival and growth of guavule nursery plants sorted according fo size

[Survival based on 200 planis: ather values hased on 36 plants Wirvested inoeach {reatment
o plants from each of O veplicates)]

LARGER NURSERY STOCK OF 0732-1NCII MODAL SIZE

Plants

Sire of nursery stock surriving

Mean weight
after 13
months

Mean
coe fficient

l0 1
varidility

Plants
that were
slow
KTOWEers

Porerad

3432
632
4432 inch
1212 inch
1632 inch

Difference between means re- |

ynired for signilicimee: :
J-pereent leve] .

Gran:
223

20
238
i
318

Perernt
710
34

Pereent
313
8.3
5.6

SMALLER NURSERY STOCK OF 5732 INCH MODAL SIZE

4732 inch Pl
5032 inch ... 9.3
132 inch ...
7732 ineh L
B£32 mch ...
Differeuce be
nuired for significance:
Epereent level
1-percent level

LNl signiaeanl.

ExvironmentTaL Facrors

146
168
1349
142

LN RAVRET LYY
LEOEG
B W — D 1

TEMPERATURE

The efiect of temperature on the establishment of guayule trans-
plants is of considerable interest and importance, Broyer, ' in a study

* Buover, 1, C,

coxpitioxs. Calif. Agr. Expt. Sta. Unnomb, Pub, [16] pp.

1945.

OBSERVATIONS OX TIE GROWTIH OF GUAYULE UNDER GREENIIOUSE
{Processed.]
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on root temperature and growth, found that very siow growth was
made when roots of transplants were kept continvously at 10°
(30° F.}. The critical temperature for seed germination s alse aboul
30° F.{(2).

In the present study two experiments were undertaken to learn
what limitations temperature might have on the transplanting re-
sponses during various seasons of the year. The first experiment
consisted of p!aunq 40 transplants per treatment in acrated putrient
solution in containers 8 inches in diameter and 18 inches loag im-
mersed in water baths with 10 plants per container and kept at con-
slant temperatures of 40°, 507, 60°, 707, 807, 907, and 1007 I, (34. .\t
the end of 3 weeks counts and measurements were made {table 19},
No rooting took place at 409 while very slow but nearly complete
rooting occurred at 50°. At 607 complete rooting occurred hut ahout
6 days was required for the anpearance of new reots as compared
with 3 days at 70° and 80°. At 90° the rooting was erratic, some plants
rocting quickly 'm(i others slowly. At 100° all the roots were dead and
soft within 2 to 5 5 days, and death of the tops followed within 2 few
days. Necrosis of the taproot was not evident at 607 or betow, but
at 70° there was some dieback. aud at 80° and 90° it was auite pro-
nounced in some plants. Presumably mildiy parasitic organisms were
active in the cases where dicback occurred (fig. 17},

Weights of new root and top growth indicated thut the optimum
constant temperature for the roots of guayule transpiants in solution
is between 70° and 80° ¥, A proncunced dilference in the behavior
of the roots was noticed as existing hetween those at 602 and the
higher temperatures. At 607 the lateral roots branched infrequently
within the time Hmits of the experiment. where at 707, 80° and 90°
the roots emerging {rom the taproot imtiated many Lteral root tips,

TasLe 9. —Recovery of guayule transplanis In autrient sefukion and soil kept at
. constant temperatures for 3 woeeks

HG plants per treatment]

1
Medium Mean roats i Mean dry weight per plant l Mean

Transplants fresh weight
and ) et !
producing " of new top

tetmiperatore . rogting el

[ 08 new ronts transpant New rants New tops pl‘:‘:"];;;i:l

Nutrient sofution: DPerecut Number Gram Gram Grami

1 L e T *

1, 9.3 3.2 £13

[ it 187 1039 =003
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The plants at 40° F. were allowed to remain in the culture solution
for 7 weeks and still no new roots emerged. After the plants were
transferred to solution at 70° new roots appeared in 3 days, Only 1
plant out of 40 had died during the 7-week period.

Soil checks were run at the same time; although the temperatures
in the soil at a 3-inch depth diifered from those of the water. it may
be seen from table 19 that the optimum temperature in soil was pos-
sibly somewhat higher than it was in water culture; (hat is, a soil
temperature of 78.53° I, resulted in the most rapid growth of lops,
whereas o water femperature of 70° was hest,

il

L

)

D founf

o
E
=

Figure 17-—Root initiation by guayuole transplants afier 3 weeks in culture solution
at various temperatures: g, 307 &, 60%; 2, 70°; d, BU°; ¢, 90° . Note lack of new
roots at the lower end of the plant at 90° due 1o dieback of the taproot common
at this temperature,
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In the second experiment it was desired to simulate changes in
temperature found under field condiions in order to see how varying
daily the lengths of time with low root lemperalures influenced
rooting and growth of transplants. Series al 40, 45°, and 50° F, were
nizintained, and the number of hours at the low lemperatures was
0, 6. 12, 18, or 24; for the remainder of the day the temperature was
70°.

Acrated nutrient solution was used, and the changes in temperatare
were eifected by transferring the lids supporting the plants to con-
tainers with solution at the desired temperatures, At the eud of 3
weeks the plants were harvested and the dry weights of new roots
were determined (table 20}, No rooting took place on plants main-
tained continaously at either 407 or 437 ¥, Rooting cecurred at 50°
as in the previous experiment. but the amount of root growth was
small, When plants of the 40° and 43° series were held at 70° [or 6
hours daily, rooting occurred and the amount of growth was about
the same as for plants maintained continuously at 50°, When the
taily period of favorable temperature was 12 hours a fair amount
of growth occurred for plants in all three series. Six- and twelve-hour
periods at 709 resulted in much less than one-fourth and one-hali, re-
spectively, of the amount of growth of plants held continuously at
77, Bighteen hours daily at the favorable temperature resulted in the
mean growth of about three-fourths of the mean amount found for
plants held continuously at 70°,

Tanng 20~-Veon dry woighi of roots per plant on gueyule transplants in wulrient
solution after 21 days with daily alfcralion of lemperature

fo0 plants per treatment 4t eemsban tempenitures] 49 cach e the others)

Weight of roots of plants at 70 B daily for—
Tetnperslare |

w b 1L i !
¥ 5 2 s 24 \ean
hounr . hownrs banrs | howrs hours At
e e e e e e o -
Gram Ciram . Loran . Giram Gram Gram
L Ll ‘ [[AF % i kT o =-03 f.22-=H 0.085
E " . e 2 A 2 Jg94 62 185
P | mEw ]o2E e | ONE W 116
i
Mean ...t 2 il TP B4 P D20 e,
i : . : _— i

Ft appears that, except {or possible lag pesiods produced, a tempera-
wure between 40° and 547 1. principally suspends growth of roots
while they are in such a temperature range and that small imcrements
of root growth occur when the temperatare is higher,

As far as reiaining dormancy in stored stock 1s concerned it may
be seen that a temperature held continuously at 5% F. or below is
adequalte to prevent growth,

On the other hand, with regard to reoting of transplants in the
field, it is apparent that enly Bittle activity may be expected during
the cooler season {{ig. 3},

In transplanting guayule. either exireme in temperature should
be avoided for best resulls, but only the upper range of temperature
is likely to cause difficulty. While low temperatures preveat growth
and subject the plants with open wounds to prolonged periods of
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tnactivity and in some cases Lo excessive wmoislure, there is a fair
chance for survival in most cases as evidenced by data previously
presented (table 12).

WATER

The application of water after transplanting seems to be an im-
portant phase oi the procedure. Kraus (13) noted about 50 percent
less survival of lettuce transplants when irrigation was delayed for
9 days. Also, it was noticed in Emergency Rubber Project plantings
of guayule in March 1944 near San Clemente that few of the plants
were sprouting in April and that many were decidedly shriveled
within 1 or 2 weeks. One of the fields was on irrigated land, while the
other was on dry land. As no rain was in prospect at the titme that the
plants were becoming seriously desiccated, the one planting was
irrigated, with the result that an estimated 80+ percent of the plants
revived. On the other hand, the dry-land planting received no rain
until late in April (table 10), which was too late to save more than
abeut 50 percent of the plants.

At Salinas on May 26, 1944, there was made an experimental plant-
ing in which well-hardened nursery stock was used to obtain quanti-
tative data on the need for irrigation after transplaniing during the
dry season, The plants were topped to within 114 inches of the crown
so as to eliminate all the leaves, and then they were randomized
into J groups of 160 plauts each; these were further randomized into
eight Z0-plant replicates. One group was planted to the usual depth
(crown) and irrigated; the second group was planted to the crown
but not irrigated ; and the third group, also not irrigated, was planted
deep enough to cover the plants entirely with 14 to 4 inch of soil.

The soil was irrigated 2 weeks prior to planting, When the soil was
sufficiently dry it was chiseled and cultipacked ; then the plants were
set by hand and the soil was firmed around them.

At the end of 30 days the plants were dug up and examined, The
data in table 21 show that all.the plants in the irrigated plot had
started to grow, whereas in the nonirrigated plots there was a marked
difference in response between the plants of the two depths of plant-
ing. Nearly 7§ percent of the plants set to the crown and not irrigated
were noticeably shriveled and only 7.5 percent had sprouted. In the
case where the plants were completely covered with soil (14 to ¥4
inch), the rate of sprouting was much better; nearly one-hali of the
61.9 percent which sprouted were visible above the surface of the soil
on the thirtieth day.

TamLe 21, —Effect of irvigation on establishment of topped guayule planis trons-
: planted to preirvigated soil May 26, 1944, at Salinas, Calf.

(160 plants per treatment; caonts made aiter 30 days]

Plants not sprrauted

Treatment Depth of Plants

N:;‘&:‘g planting sprouted

Shriveled

Plump or dead

Prrcent Pereent
[rrigated ........] Tocrown a 0
Nat irrigated PR T i 3 18.745.2 3.

i} Completely civered. .. . . 18,7432 4,

+R.5
+4.2

]
4
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An abnndance of water a the taproots of ynayale transplants
scems to be essential in the [ormation of new roots. It has already
been shown {7} that one benelit of topping is prevention of a partial
desiceation of the taproot before new roots are able to form, When
plantings are made and irrigation or rain does not follow, the bene-
ficial temporarily saturated condition of the soil is not present for a
turgorization of the plants. Complete covering of the plants with soil
was found to reduce the drying, but a set-back resuited because the
sprouts had to grow up through a considerabie depth of soil in cases
where they emerged irom the crown region.

Observations of winter-planted stock indicated that deep planting
is undesirable at that scason, for when buds emerge below the soil
suriace they frequently rot or are unable to push through the soil
crust. On the other hand, the practice of setting plants deeper than
the crown might be useful in dry-land planting teward the end of the
rainy season when it is not certain that additional rain will follow
soon after transplanting.

Curtings ComMparRep WrtH SEEDLINGS

Stem cuttings of guayule are rooted with difficulty (19, 23), but
they present opportunities for study of homogeneous material not
readily obtained from seed (8, 20).

Two plantings of cuttings and seedlings were made to compare the
plants as to rate of growth and rubber and resin contents in order
to determine whether any marked variation in development would
result, However, the cuttings were not a clone and therefore weould
not be expected to indicate the degree to which it might be possibie
to reduce inherent plant variation by means of vegetative propaga-
tion. This method of propagating guayule, although of considerable
scientific interest, is obviously impractical for commercial applica-
tion in the production of rubber plantations.

In the {irst planting the rooted cuttings were readily set by machine
along with regular nursery stock in April 1943, During the summer
(August} a study of the root systems?!? revealed that the rate of
penetration was perhaps slightly greater in the case of the best
seedlings but that they did not occupy the seil quite as thoroughly
as the cuttings (fig. 18). Samples were harvested during the first
winter (after 8 months) and again after 22 months in the field for
dry weights and rubber and resin analyses. The results are pre-
sented in table 22. Although the mean values for the cuttings were in
alt respects slightly higher than for the nursery stock, five replica-
tions failed to show statistical significance.

In the second experiment hardened 3-month-old greenhouse plants
were used in addition to the rooted cuttings and nursery scedlings.
One hundred of each were divided into 10-plant replicates and
planted by hand in randomized blocks in April 1943, Comparative
samples were harvested after 22 months (fig. 19), dry weights were
determined, and rubber and resin analyses were made for ten 2-plant
sarples of each of the 3 types of plants (table 22). The slightiy larger
size and higher rubber and resin contents of the cuttings were again
evident. In this case the differences agnin were not significant for

W Made hy C. H. Muller, associate hotanist, Special Guayule Research Project.
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dry weights, but they were highly significant for percentage of
rubber, significant for percentage of resin, and significant for
vield. The hardened greenhousc scedlings exceiled both cuttings
and nursery plants in all respects, but they were significantly better
t1]1an cuttings only in percentage of resin and grams of rubber per
plant.

Inspectinn of the data (table 22) reveals that the higher percentage
of rubber was associated with the larger shrubs. Analysis of covari-

Fioure 18—Root systems produced by nursery seedlings () and rooted cuttings
{8} of guayule after 4 months in the field.




TaBLE 22—Growth and rubber and resin contenis of rooted stem cuttings and scedlings of guayule
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Figure 19—Guayule shrubs after 22 months in the field produced by a 3-month-old
greenhouse seedling (a), a rooted cutting (b)), and u regular nurscry plant fech
Of 20 plants harvested in each category the ones photegraphed had nearest the
mcan weights,

ance was made to determine whether the increase in percentage of
rubber could be ascribed to increase in size of sheub and the F value
for covariance was highly significant. indicating that after adjusting
all the percentages of rubber to a common plant size they still
differed by a highly significant amount.

There is no evidence upon which to base explanations of these
results, but certainly such things as the relative amounts of root
system transplanted, relative rapidity of recovery, and reserve foods
could be important factors in determining the size of shrub. Further-
more, in the case of the cuttings an unknown amount of selection was
eifected through the selective vooting respunse of the cuttings.
{Note uniformity of cuttings in fig. 18 B, as compared with the
nursery seedlings in fig. 18, 4.} Federer (§) found a negative correla-
tion between plant size and rubber percentage for commercial strain
593, hut he did not cull out aberrants and slow growers, which had
higher rubber percentages than the normal plants. Pereentage of
rubber and dry weight of plants were also negatively correlated in
the growth of nursery stock under several conditions of soil moisture
{12). The positive relation in the means for percentage of rubber
and size (table 22} may in reality depend on age rather than size,
Although the three categories of plants, listed in experiment 2 as
being 22 months in the field, show a positive relation betwecn
percentage of rubber and size, they may have started to grow at
different times. Early recovery would give the advantage of size
as well as age of tissues for rubber.

FORM OF PLANT IN RELATION TO MACHINE OPERATIONS

Mechanical topping in the nursery and muchine setting in the
field are two operations for which it has been necessary to fit the
plant partially to the existing machines. There can be no valid
objection to such a practice 1f the modified plants give as good
resnlts as any others. This they did as far as survival is concerned,
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as may be seen t the varions lables. Fortusately, the eriticad change
required by the planting machine is that of slenderizing the natu-
rally bushy guayulie tops. The sienderer type of plant naturally results
from the close spacing accompanying the economical use of nursery
space {fig. 2). In regard to the mechanical topping of the plants it
may be stated that as long as workers must pull the plants from the
soil by hand after topping and undercutting have been done, it is de-
sirable to have at least Z-inch tops left on the plants ior them to
grasp. Under such circumstances the existing topping machines
{sickle-bar and reel types) can successfully cut the plants at the de-
sired height. In order to have essentially leafless 2-inch tops left on
the plants, the original height of the nursery stock should probably
be 1ot less than 5 inches (stem height). It has been noted that in most
shorter stocks the plants are quite leafy aiter topping to that height.

Plants topped to the crown, 1% inches above the crown, or 3
inches above the crown in combination with lealy and leailess stock
as well as that having roots with few and numerous laterals were
tried in the Holiand celery planting machine. Personal preferences
of the planters, based on the relative ease of handling the plants,
indicated that either 13- or J-inch tops were preferred to crown-
topped plants. However, it was possibie to get the crown-topped
plants set at any depth desired, even to the extent of covering them,
so no objection could be raised on the inability of the machine to
set the plants properly. The most undesirable type of top was the
one with short spreading branches, for the holders of the planter
could not grasp such plants readily. The presence of a few leaves
was not objectionable on the part of either the planters or the
machine, but leafy plants are not properly balanced physiologically
(7, 22} and so the absence of all leaves in the stock is highly desir-
able. Very bushy root systems, probably very desirable from a
physiological standpoint, were an extreme nuisance to the planters
and invariably became tangled and greatly decreased their efficiency.
Therefore, the physiological advantages of a much branched root
system might be economical disadvantages, especially when quick
recovery can be obtained by more expedient means.

CONCLUSIONS AND SUMMARY

Nursery stock is usually grown for one season in the nursery.
During this period the plant is brought to the desired size for con-
venience in handling and finally conditioned so as to survive the
process of transplanting. A study of some of the changes in the
plants during hardening revealed rather small changes in carbo-
hydrates, with the exception of the levuling, which already had been
showr to be abundant in hardened stock. Rehydration values seemed
nseless in estimating hardiness of stock, since there were no con-
spicuous trends in such values during hardening. Moisture contents
of guayule roots, based on the turgid condition, showed equal de-
creases during hardening by drought and low temperatures or by
low temperatures alone, The levulin content seemed to depend on
the length of time the plant was subjected to adverse conditions of
either water supply or low temperature. Tligh survival of cold-
hardened stock after one wintering indicated that the subjection
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of nursery stock to drought is not indispensable in conditioning
guayule for transplanting, )

inasmuch as hardened, relatively lealless plants survive best in
transplanting there is little danger of excessive heating in stored
stock. More serious are moisture for sprouting of plants, which
occurs at 50° F. or above, or the rapid sproad of storage fungi (e. g,
Sclerotinia), which occurs at about 38°. Surface-dry plants without
packing material were found to survive several weeks of storage
when waxed paper completely enclosed them and reduced the loss
of water from the plants. It was found that topped guayule nursery
stock in a properly hardened condition could recover from con-
stderable desiccation.

On the basis of data on mouthly plantings for 12 successive
months of nursery stock after an initial period of drought hardening,
it was concluded that guayule may be successiully transplanted any
month of the year under irrigated conditions in a climate similar to
the one at Salinas, Calif, In this locality the warmer part of the year
gave quicker resumption of growth and required one irrigation for
establishment, while during the rainy months no irrigation what-
soever was needed for establishment, but the plants did not make
appreciable growth until spring. Removal of seven-eighths of the
top by height (all but about 1 iuch of top) was found to be the
best ali-round topping level. Topping was shown to result in shrubs
neither smaliler in size nor lower in rubber content than untopped
plants starting to grow at the same time. Measurements of the plants
at each monthly planting revealed that without irrigation during the
second season the nursery plants remained at practically constant
size; this is an important point in knowing that nursery stock may
e held over in good condition for 1 year or more,

The effect of root length on survival was studied in the field and
in the greenhouse under water-culture conditions. It was found that
short roots of 5 inches or less in the field trials were not as satis-
factory from the standpoint of survival as longer roots of about
7 inches.

In water culture it was found that the number of new roots
initiated on the old taproot was proportional to its length but their
formation was delayed in roots 9 or 12 inches long.

The size of plant best suited to transplanting was the relatively
large plant. The relatively small plants of a nursery stock contained
the highest percentage of genctic slow growers in the highly variable
commercial strain 593.
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