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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

INVESTIGATIONS IN WEED CONTROL BY ZINC
SULPHATE AND OTHER CHEMICALS AT
THE SAVENAC FOREST NURSERY!

Ey W. G. WasLENsena, dssistant Silvicullurist, Northern Rechy Mouniain
Forest Experiment Station, Forest Service
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THE WEED PROBLEM AT SAVENAC NURSERY

Savenac nursery, located in western Montans, has a yearly output
of about 3.000.000 coniferous tree seedlings and trunsplants. The
annual cost of care during the first two years of seed beds that have
not been treated chemieally has been sbout $1.40 per Led of 48 sguare
feet, and of this amount 58 cents, or 40 per cent, has been the cost
of hand weeding.?

There seemed to be no hope of reducing this expense through the
use of any type of cultivator or mechanical device for weeding,
because of the close stands in which trees are grown in the seed
beds—often 100 individuals per square foot of surface. For like

2 PBs publication is bosed upor 10 years of investigation begum in 1918 by P C.
Kitelin 1257, who pulillshiad a prelitfionry ceport in 1820, The oXporlments were con-
tinued by the author eutil the 0 of 1925, The author wishes ro express his thanks o
thoxe members of the Forest Serviee and others who hiave nasisted in tie prepacation of
thls bulleting with esprel) revognltion of hielpful suguestions from the Burean of (hoin-
lls!:?',\' and Seils, where soil tests were wade, and from Cacl Hartley, of the Baresy of 1uot
nausiry,

*G. W, Jnnes, superintendent of Savenae nnesovy, furnished the cost dnkn,  The wagza
basis for all cogl fignres is 34 poer dny.  Costs are expressaed bece on 85 ares basis ralher
than on the basis of cueh thausnnd Seedifne: praduced. Beeause the numier of weeis nnd
the exponge of yagoving themy by oy metiogd vovies nare diveetly with arensg than with
density of the crop,  No uniform costs per bimousand cree soediines enn he griven leeannge
the number of trees {o n bed varies wihlely with (he nge chis nnd the speeics grown,

NoTE~—Itali¢ numbers i parentlicavs reler fg ™ Litovature eited,” p 23,

7433 —20 1
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regsong o trial was made of the methods of preventing weed growth
by laying down strips of heavy paper as in Hawanan pineapple
fields or of spreading paper by machine as in South African sugar-
cane fields {7).

1t is snicd that the sugar-cane sprouts successfully plerce the paper,
but the tops of forest-tree seedlings could hardly be expected to do
this. Roots from seeds germinated on top of paper might be able
to penetrate, but this was not tried. 'The Norweglan method of con-
trolling weeds in forest nurseries by Inying bourds befween trees
in transplant rows did not seem practicable for a large nursery in
a country where labor costs nve high. Because physieal methods
heldl forth so little promise, the investigations were centered on
chemical means of control, keeping in mind the possible injury to tree
crop and the soil.

Although what appears to be quite a satisfaetory chemical method
has been developed uat the Savenac nursery, it is to be expected that
the reaction of any chemicnl substance will vary with ditferent soils,
weeds, and crops. and that in other places the Savenac weed treat-
ment nsy possibly require considerable modification before it can
yield the best results.

Analysis of the Savenac nursery scil in 1913 by the Bureau of
Soils showed that it contained 041 part of lime. 0.2€ part phosphoric
aciid, 0.37 part potash, and .11 part of nitrogen. In 1921 a quali-
tative microscopic examination indicated very good physical prop-
ertivs in the soil. 2 high percentage of granular or * erumb ” structure,
and highly oxidized sotl minerals. There was a vary fair amount of
organic matter but a large part of it was not well decomposed. The
soil contained no lime in the form of carbonate or phosphate and
had nn acid reaction. attributable to the use of slightly acid irriga-
tion water and to lack of rapid pervolation through the subsoil.
Potash feidspar (orthoclase and microeline) and potash mica {mus-
covite and bintite] were fairly plentiful, especiaily the feldspar,
Theso minerals should slowly yield their potash under the process of
weathering, Lime-sodun  {feldspar (plagioclases) were present.
These will probably weather and decompose more rapidly than will
the potash feld=pars.

OF the annual output of 3.000.000 trees 85 per cent are western
white pine {Pénus monticole). and western yellow pine (P. pon-
derosat. ‘The remainder consists of Enoelmann sprace {Picea engel-
mannii}, Douglas fiv {Peeudoisuga tarifolia), western lareh (Laria
occidentalis), amd western red cedar (7hja plicata). The experi-
ments detaifed here denlt principatly with the two pines and the
spruce.  The trees remain in the nurcery from two to five years, but
the majority are 3 years old when planted on the denuded mountuin
slepes. Tield peas ave used as a green fertilizer crap.

The three most troublesome weeds?® at the nnrsery sre field or
sheep sorvel {Rumenx acetosella). common timothy (Phicum pra-

T Aceording to Cox (8) n weed lins been detined as n planl out of pigee ar a plant which
bas not Fet otomd Bl jeoper dse, ot i (e minls of most people o weed §s 2himply o wild
phiny that has Ihe bl of Irtredine where ot wanbed. Hath tee elpht, eneratly
werty are wopse than uselass winn thet aevar oo enlibvated soll, hat 3 iz auly faie to
Mention eerGoa vabies which Juive feen ceeognizel gs bolengine ta 1 his cltsd of agvi-
cultral pest=. Jduasb a< o0 sowmdil coinpany wordd o welb (o fovestizate rhe posshbipe
contmereind valie of By owaste arerinl Defare oveating o Qx;mn:‘}vc vpidpanent for iis
digpusal, a forester should consider te possile value of wends before vxpending mpch

.
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temse), and white clover (Prifolium repens). These are all very pro-
lifie. It is impossible to remove the sorrel by hand and get all of
the root system except when the seedlings are very young., The roots
send runners far and wide. When roots 2 or 3 fect long are ex-
tracted they often do considerable damage by uprooting tree seed-
lings or disturbing the roots of many trees. The broken sorrel roots
remain in the ground to sprout new plants. Clover and timothy are
important because of their abundance and their bushy root systems.
Although these three weeds deserve especial nattention there are
many others which in the aggregate pive as much trouble.

The source of weed seeds is o point to be considered since it is
natural ¢o think that chemical methods might not be necessary or
that hand weeding might be made much less of a problem if access
of many seeds to the nursery soil was prevented. Tle principal
means by which seeds are introduced are water, manure, mulch, and
wind. The water supply for irrigation and sprinkling is obtained
from open ditches which carry many weed seeds produced along
their borders or in mountain meadow land along the creeks from
which the water comes. This is a common source of weed seed in
many localities (/2). Various methods of filtering out this seed:
have been tried, but so far none has been succeessful, Filters cause
much troubie by clogging up with vegetal matter and decreasing the
water pressure in the sprinﬁiing system. Manure used as fertilizer
contains numerous weed seeds that may not be killed by heat and
steam treatments, although a period of one year is generally suffi-
cient to kill weed seeds iy compost containing mannre, Strasw used
as mulch usually carries seeds. Sand used as vovering for tree seeds
after sowing is a river-washed product and should be fairly free
from seeds, but probably contains a few. Wind, like water. is o
rather constant means of weed-seed distribution. It is improbable
therefore, that weed erowth at the nursery will ever be controlled
by preventing the uccess of seeds.

Sléeds already in the soil are the next consideration. The opera-
tions of plowing and cultivating must bury a great many seeds and
unearth others, some of which probably retain their vitality for sev-
eral years. An experiment started in Virginia by Duvel and reported
by Goss (76) showed that seeds of most weeds, if ripe when plowed
under, will not perish in the soi] during the period of any normal
crop rotation. Among the many weeds studied were the same species
of clover and timothy that are troublesome ot Savenac nursery, Of
200 white clover seeds 3 per cent, and of 200 timothy seeds 22 per
cent, grew after having been buried 8 inches deep for 10 years. Bit-

meney Ao erndieation or in studdies of methnds of cuntrol. Camplell {§) poinfs pul the
possdbillity that deoply tepohed ultrntes ¢an, In ML be petaried fo the EpLTE suelhce
yers of antl by the growth and deeay of certnin apeeies of weeils, Early, Inte, and
winter nnmuils appene (o eonserye Alirugen at times wiion no cilltlvated ptanrg are prresent
op thie il 1u pHaees, weerls MY BEevent ur retand sell eraslon, They may sometfmag
SV SuIe ofier purpese In oo miter Wiy Aas u hy-
rodoct from cultiveled farmd, but their valle geems to be lindted to purposes which can
more efflclently gerved by the nge of =alllngs eropm,

* Mincetlnnenis’ weeds, ns Follows, have beon Idontified Wonlly varrow {(Aehitles Iane-
- lomr Nutta @ rotabuun | Brasnion criepratrie Loy Dloomning solly {Chamaencrion Hpustl
- fellum (1.) Seop |, comnronly kaawn Iy e western mountaing as * firewesd,” but oot the
L osame as Brechtites Aierueifulin, lrewesd} T bs-epene g rs VO nupnnt ivin wibhm L.s
Coeottun endweed | o pfiatinm prfustere Nut,) ; Curslune Spochwell (P ernniivo gevesping L.} 5
wesh-rh stichsend [Lappuin neridentalis (8 Waits) treene,) ; eroindamoke [ Gapoplitem
ramasisnivione Torr. nl Gray) s el mimlspucey (T riabra (L.}, Britton) ; phacells
- EPhgecln heteraphyiia PFursh.} i Aretie peaclwiort \Suging  sugineides (L.) Dricton) ;

houndstungne howlkyesd Lidterochiun eynoylossuides Arv.~Tuuy.).
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ter dock (Rumew obiusifolius), 2 broad-leaved species belonging to
the same genus as the troublesome sheep sorrel, germinated 82 per
cont of its seeds under the same conditions. More extreme cases of
longevity of sceds in the soil are oceasionally recorded. Dremchley
(5) in reporting experunents carried out at Rothamsted claims a sur-
vival of 80 years for the seeds of certain weeds common on culti-
vated soil. Enough has been done to indicate clearly that buried
seeds shonld not be ignored as o source of wectls.

Weeds are s problem in many forest nurseries, There 1s Very
little hope that the harm done by weeds in competition with tree crops
can be offset by any use of weeut growth as a by-product of the land.
Nor is there much hope of preventing the access of weed seeds from
their varied sources. Once in the soil the vitality of some seeds may
be retained for long periods. The growth of weeds is natural and
seems almost inevitable. Removal of weeds by mechanical means is
not only very expensive but also is often injurious to the tree seed-
lings. Removal by chemical methods, if effective, meets these diffi-
culties very satisfactorily,

PREVIOUS AND FUNDAMENTAL INVESTIGATIONS OF TOXIC
SENSITIVENESS IN PLANTS

Much of the work already done on chemical methods of eradicad-
ing weeds has been confined to poisoning the tops of weeds already
established. TFor this heavy doses of poison are necessary. Alsc,
the poison is not applied until after considerabie damage may have
been done by the weeds. The advantage of any practical methods of
using smaller quantities of poison in the soil is obvious. By such
methods weed seeds would be kept from sprouting or at least the
seedlings would be prevented from appearing above the surface of the
coil. The consideration of a practical means to this end involves &
study of the relation of plant Life to toxic materinls, such as zine and
copper salts, the materials used in the work reported in this bulletin.
Fortunately there is already some literature svailable on this subject.

Baumann (3} experimented with nutrient solutions with the object
of determinina the safe and the fatal liunits in quantity of soluble
zine salts for different plants. He tested the eflects of zinc sulphate
at the rate of 4+ milligrams per liter on plants of 13 species belong-
ing to seven families aud found that ali except the conifers were
killed.  Zinus sylvestris and Piceo excelsa stood out above nlil others
as the only plants that grew well in a solution countaining 10 milli-
grams of zine per liter of water.

Work with soil cultares showed that not ounly does the sensilive-
ness of different species vary greatly, but concentrations which stimu-
Iate a plant in so1l may be toxie in sandt,  Tumus was the most ab-
sorbent soil for zine salts, The ahsorptive power decrensed as the
soil grew poorer and apparently was weakest 1 apnd. The presence
ot carbonic acid appearved to inerease sugceptibility to injury from
cortain zine salts, The avenue of injury seemed to be an effect of
zine on chiloropliyil and photosynthesis. If so, n comparison of the
dry weights of plants produced with and without zine should indi-
cale the extent of injury. because the bulke of plant material is a
product of photosynthesiz.  As indicated by the experiments of Storp
in 1883 (3%), the Tormation and function of chiorophyll appeared to




WEED CONTROL AT SAVENAC NURSERY

be reduced by zinc compounds. Brenchley (4) pointed out that such
a hypothesis is supported by the {act that in many fungi and higher
plants without chlorophyll the toxic action of zinc is not evident.
Javillier (27, 22, 23) found that zinc was confained in many parts
of a large number of plants and that it was particularly abundant
in conifers. He concluded that plants which contain chlorophyll
are benefited by the action of small amounts of zine, which act ner-
haps as 2 catalytic agent in the metabolic process.

This conclusion does not necessarily conflict with that of Storp, if
it be accepted that very small amounts of poison often act as stimu-
lants to plant cells. Ividence in favor of such a view is offered by
Rusk (35) who, working with leaf cells of Flodea canadensis, ro-
ports the effect of zine squhate on protoplasmic streaming. Brench-
ley {4) reviewed the work of several investigators and concluded
that although it was still uncertain whether or not higher plants
grown in water enltures are suseeptible to stimulation by zinc salts
except at exceedingly great dilutions, in soils cultures” containing
zinc the fact of increased growth scemed to be morve firmly estab-
lished.

One compound of zine was included among the many substances
tested as soil disinfectants by Martley (78). At Halscy, Nebr., he
applied a water solution of 0.281 cunce (nearly 8 grams) of zine
chloride per square fool. The plot was sown with Pinus resinosa
17 days after treatment and 28 days later 5 weeds were counted. L
of grass, and 1 of Mollugo. In the untreated eheck-plots orass was
abundant and Mollugo predominant among other weeds.

The possible beneficial artion of zine on plants does not seem to
have been demonstrated very clearly by the early workers, although
Mazé (27} furnished some evidence of the indispensable nabtmre of
zine for muize, and more recently Mcllnrgue (26) spoke of the wide-
spread occurrence of small quantities of zine in soils, plants, and
animals and inferred that i performsimportant functions in metab-
olism, The failure of earlier experiments to show definitely that
zing is essential to plants is atiributed by Sommer and Lipman {87)
te imperfections of techniv, such as the use of ordinary glass con-
tainers from which the culture solutions dissolved out appreciable
amounts of zinc. They used boro-silicnte (or Pyrex) glass containers
mn their lests with zine and cmployed specinl preeautions Lo exclude
dust and other impurities. Wherever possible the seods were cu
oft from the secdlings within a fow days after germination so as to
deprive the geedling of as much as possible of the stored food mate-
rial in the seed. By these methods Sommer and Lipmun confirmoed
the results of Mazé and presented striking evidenee of the indis-
pensable nature of zine for dwarl sunflowers and barley.  They con-
cluded that zinc, like boron, is absolutely essentinl to the life and
growth of certain higher green plants and probably lor all of them.
Sommer (5) later reported that even where the carly development
of kidney and broad Deans appeared normal on plants lacking sine
the leaves began to fall, few blossoms were produced, and the plants
deelined rapidly in the flowering stuge. producing no seed. Repro-
duction as well as devclopment was normal in plants provided with
zine,

Soluble copper salts have, on the other hand, been found to be
universally detrimental to plants. Haselhoff {20) found that thess
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salts injure the soil in two ways. (1) Nutrient salts in the soil,
especially those of caleium and potassium, enter into chemical com-
bination with the copper salts, are rendered more soluble, and
readily Jeach awny. (2) This double decomposition produces cop-
per oxide which remains as an injurious ingredient.

Chemicul weeding of coniferous seedlings in nursery Leds had
its inception in experiments conducted for wnother purpose. When
sulphurie acid was applied to soil ns a disinfectant to control damp-
ing-off fungi, marked reduction in weeds was noticed at a number
of nurseries, according to Hartley and Pierce (79).5

Early work in applying chemicals to the soil at Savenac nursery
has been reported by Kitchin (24) and requires only brief mention
here. lIn the spring of 1916 ecopper sulphate and zine chloride
were compared with sulphuric acid in various quantities as to cffec-
tivencss in weed control. Omne-half ounce (about 14 grams) of
zine chloride and one-guarter ouuce {about 7 grams) of copper
sulphate per square foot were found to be mueh more deadly to
weed seed than the acid in any strength tested. These results led
directly fo more intensive experiments.

THE FIRST TESTS OF GERMINATION OF WEED SEEDS AND
WESTERN WHITE PINE UNDER CHEMICAL TREATMENT

METHODS AND PROCEDURE

The first intensive tests of chemical treatment at Savenac were
made 1n the full of 1918. Dhring the first half of September, the
usual period for sowing western white pine, 84 small plots were
installed to test the effect of zine sulphate (ZnS0,.7TH,O white
vitriol), zine chloride (ZnCl,), and copper sulphate (Cu3S0,.5H,O
Iilue vitriol) in quantities varying from 4 to 12 grams per square
foot. A block of 28 plots was devoted to each of the three chemi-
cals. In ench block were four units of seven plots each. Two of
these units were used for germination counts and root examina-
tions, the seedlings being pulled out, examined, counted, and
recorded at approximately 10-day intervals during the season. The
ather {wo units in each block were allowed to grow unmolested for
obsgervation of thrift and survival. In each unit the plot tests
were designated A, B, C, D, E, I, and G. The upper 2 inches of
soil in all plots except (¢ was sterilized, in part at least, by heating,
and was sown with western white pine, clover, sorrel, and timothy—
200 seeds of each species in each plot. All except T and G were
then treated chemically.

Bottomless wooden containers, 1 by 2 feet, and 10 inches deep,
were sunk in the soil as frames for the plots (pl. 1, A) in order to
promote uniform growing conditions in the absence of an “ isolation
strip ” or border of similarly treated seed Led. They served to
prevent the loss of soil solutions by capillary transfer in a hori-

EThe acid trentment was found suecesstul in many places with a varlety of solla.  An
excoption oceurred noar Guarden City, Kons, where the ackd prodoced efeevescence and dld
nof nifeel the funens, Thix hns Geen atieibited to o high enrlooyte content Hwuel eunse-
quent alkalinity,  The exerience hulicates that a chemical treatnrent foungd secessful on
ope soll may not sevve the purpose on a dierent soll.  Af thIS pursepy coppiec sulphnte
and zine chiorlde wore then (ried aod proved to be suecessful disinfectants for dawplog-off
fungl,
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zontal direction and to prevent the border plants from benefiting
by an extension of their roots into the surrounding unoccupied _soﬁ
space. Asa further precaution to avoid the passage of soil solutions
from one plot to another, and to allow working space, the frames
were separated from one anather by at least a foot.

In the process of sterilization tge upper 2 inches of soil in each
frame was removed, soaked in order to swell any weed seeds it con-
tained, exposed to steam heat for an hour to kill these seeds, and
then replaced in the frames.

Pine seed was sown at the depth of one-quarter of an inch and
weeds at a depth of one-eighth of an inch. Care was exercised to
malke these depths uniform by the use of specially constructed sliding
eveners,

The chemical applications followed immediately after the sow-
ing. One liter of solution of various strengths was applied to each
square foot of soil surface. (PL 1, B and C.} Accidental 50Wing
of weed seeds was prevented by filtering the wuter used. Plots were
tightly covered with halt-inch mesh wire netting to exclude rodents
and birds, and with cheese cloth fine enough to exclude the entrance
of further weed seed. The cloth cover was kept thronghout the
season of 1919 on the series used for germination counts, but was
removed from the survival series when germination appeared to be

complete,
RESULTS

Seeds of the same species that were not sown but were already
buried in the soil of the experimental plots do not seem to hnve
produced sufficient seedlings to interfere with the experiment. Thisg
1s indicated by a comparison of Plots F and G in Table 1. Of the
other native species of weeds the sterilization killed only abont half,
but the remainder were effectively killed by the chemicals as is
indicated by the figures for * other weeds ? in Table 3.

TABLE 1 —Ineectivencss of unsown seed in ceperimental plots as shown by
weed germination, 1915°

T L}
I’le!.si Treatinent " Clover | Serrel |Timothy

' Number | Number | Number
45 193

Sterillzert =oil; 200 seeds of each specles sown
-e--aal No sterilization; no sowing [t] 1

L Ench figure s an average of six plols,

As the object of this study was to find a chemical treatment that
did not injure pine stock in any way, the degree of injury to root
tips of pine seedlings should be reviewed first, in order that the
results from sced germination in those plots where pine was injured
may receive only the secondary consideration they merit. The sys-
tem of pulling out newly germinated seedlings at intervals of about
10 days gave an excellent opportunity to observe the roots of a large
number of plants.  Table 2 and Figure 1 indicate the pereentage of
pine seedlings with injured root tips. The injurions cffect of cop-
per sniphate was most severe. Death of plants resnlted from failure
of the roots to establish themselves in this soil. What few root tips
had penetrated the soil were dark brown, curled, and warty in
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appearance. The zinc salts did not cause the pine seedlings to
produce the dark brown, warty reot tips, but the injured growing
points were fatally curled and crumpled.

TanLe 2~—Exient of chemdicul injury Lo dsesiern while pine seedlings from
parious chentieal soil treetments?

i FPraportion of germinated seed- Proportion of germinated sced-
© lings wilh rool Lips injured lings with root tips injured

Snltper ¢ by diiferent trestinenls by diflerent treatioents

Flot SONAIE
oot i- + o e e o — e e e
ZnS0y 1 ZnClh | CuBdy CFnE0y  ZoCly | Cubly
(R S PP S —— —
Gramy | Per cent  Per cent | Per ceni Per eent Per genl | Per cend
4 o 18.9 7.1 258

G, 0. [H 53,5 9.8 332 5.0
5 0. 200 8.1 F aq o, 0

1 Each Ngure based on 1 plot of 200 sen:s.

The effect of different soil treatments on the total number of germi-
nations of pine and weeds in 1919 and 1920 is shown m Table 8.

TarLe 3—Influcice of various cheniical treatments on pine and weed sced, a8
shown Dy wumber of seeds germinating in 1919 and 1920°

Western | White Common |
* white pine | claver Bheep sorrel timathy | Other weeds | ATl weeds
Balt per snuarg | ; |

Plot | foot {Ee(}_ for soil R _;. I._._ .. Lo .‘. R | O . - -- i_....‘. -
rentment 1 T . To- S L Tor
11919 1020: tal illEIlQ l{l?ﬂ};l tal !l':li!! 1920 1al 1918]1020 tal I.l(ll!]:l-‘.}?ﬂ; tal 10191929 tal
_—— T S L I U PSS Y S R (.

Zincsulphate: | i . T P S i ,
I Control.____ ' 130; 1 137 G4 23 117 41 i} 4-1'1 a1l 1 M2 A% 143 191° 357! 147 56
F, W 4 grams__ 11140 66 18 B 26 3 28 16 0 1FD n M 14. 61| 35 2956
R O grams .. & 140 30 15 43 12 7 1% 1D 1ougy 4 1L 'll; 153 34 187
Co.s 8 Erams__ 4 158 40 O 58 16 3 . o el 0 & 5 1R 17108
D.7F 10prams! sl 152 8 g 0 % 0 1 I oI5 114
E._.. 12egrmms . 00162 3165 4 15 33 & 8 17 0 wl 00 o 9% 2 S

Zinr chlovide: . : ! ! [ . : ' {
F._.. Control . _ Slla UG Ay 1 1) 3t 3 92 20 13% 351 14%; 493
. 4 grams.__ 137 4 kWl 45 2 T 2L 8 1 13" 0 18 15 199 40 4B
B.... {iprams._ . 1487 FOMH4O0E P O3B G 2 g 6% 40 2 2 Bf 2L 10F
C.... B prams__ kN T 14 4 4 8 o 1 o 7 0 a Il 82 & &7
D... 10 grams, me 8 s N KT 1 ki 9 7 0 0 i 8:1 1 95
E.... 12 prams_ . 142 10 132 9 1 W 8 1 1 5 0 L] Oi [T

| Copper =ulphate: : . : . ’ : .

F.._. Contrel. ... 138 L 130 3 o108l 8% 2 0 178 30, 251 200 36k 274 GA7
A___. 4 groms i 11 81 20 101 7 1 a I 0 a6l G 8y 52 172
B..._ B pgrams T 3 12 M 4§ g ¢ 0 4 6o A % 62
S 8 prams., A 172 o8 6 2 0 o 40 1 1 20 10 57
o... 10 grams 142 9 4 13 83 2 G 0 0 0 g tu W 18
E. .. 12 grons_ ... 124 ll [25 i 3 4 1 2 [ OI- [ (] 0; 2‘. 5. 7

i3 - I3 - B I

1 Figures nre Lho avernge peniningtlon fram wo plots eaeh sowa with 200 seeds of eacly specias in the {a
al 1918,

1Tha presenca of more than 200 tinothy seedlings in 1 of tha F plats and numerous other weeds indl-
cates Lhy germination of native seeds Lt were in the spil bafora sowings wore mada.

The action of zine sulphale raised the germinative capacily of
western white pine in every test. It greatly reduced the germina-
tion of clover, sorrel, and timothy seed, although not in direct pro-
portion to the amount applied. Yn 1919 the sprouting of miscel-
lanecus volunteer weeds was eliminated on all plots, and in 1920 the
munber of volunteer weeds was less than 10 per cent of the number
in control plots.
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INSTALLATION ANDG TREATMENT OF PLOTS

Ao Pars witly iy i By 2E e battonge - tranes st el L
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The action of zinc chloride was sunilar, with more pronounced
and fairly regular elimination of the weeds, both sown and
volunteer.

Copper sulphate stimulated pine considerably in the 4-gram test,
and somewhat less in the 6, but henvier applications slightly reduced
the number of germinations. Clover germinutions were greatly
reduced by applieations of more than 4 grams, Sorrel and timothy
were bit hard by all applications, espectally timothy. Mast of the
miscellaneous weeds were as much reduced by light applications of
this salt as they were by the other salts, and were eliminated by the
heavier applications.

The pine seeds which come up during the season following sowing
are the ones which must be depended upon for the crop, for the
others, a yenr younger, do not ordinarly have time to develop suffi-
eiently to be suitable for feld planting. It may be seen from the

32
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Fraury 1,—Extent of chemieal injury to root tips of western white pine

figures in Table 3 that all of the salts used, and especially the zine
chiloride, slightly increased the number of pine seeds which did not
sprout until the season of 1920,

It is essential not only that as many as possible of the pine seeds
come up during the first seasony but that the germination of thess
eeds should not linger. Prompt and complete sprouting of seeds in
the spring months results in regular and satisfactory stands of
seedlings.” Stragelers are often too wenk and tender to withstand
the hot summer sun or the fall frosts, The application of shade,
which is expensive, may not save these wenrldings, and even if it does
they are quite likely to be rejected along with those uf the following
season when ficld-planting time cones. Therefore this study would
not be complete without a consideration of the effect of the chem-
icals on germination energy ov seasonal promptness, ns shown in

Table 4.
GV453—20—29
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TARLE 4.—Effeci of varions chemigal ireatments of the soil on prompiness of
germination of western white pine seed’

E Poreontage of total germingtion b successive observations

Salt por square {oot used for
{rentment

i May? | May 15 | Moy 28 | Jupod | June !B | June 30 [ July M

Zine sulphate: Per cant | Per cent | Per cent | Percent |Per cent | Per cent | Per cent
0 18, B8. 5 100

Cozlrgl 5 93.3

4 grams. . 25 871 3 100

6 ErAmS... . 15.9 05.8

& grams_ . .

10 grams

12 grarms,
Zine cloride:;

Control

S3%
b

tAtn @ ChOE CALINTRIGOER ol

BESLEE

o

1R R0 L0
SHVE2B SBL8ARF SRE
W e kRl gh

b

1 Pigures are based on the sverage results from two plots each sown with 200 secds and trented chemically
n the fall of 1618,

The copper sulphate in all strengths definitely retarded germi-
nation, the apparent stimulation produced by the 4-gram application
proving but temporary. On the other hand, both of the zine salts
and especially the zine sulphate seemed to stimulate germinative
energy. In Figure 2 a comparison is made of promptness of seed
sprouting under the treatments that did not result in root injury
to the pine seedlings. (Table 2.) The criterion of promptness or
retardation of germination illustrated in Figure 2 lies in the relative
position of the curves above or below the solid-line curve representing
the behavior of seeds in the untreated soil. This solid-line curve
indicates that without treatment 18 per cent of the germination had
occurred by May 15 as compared with 13 per cent under the §-grawm
zinc chloride treatment and 44 per cent under the 8-gram zinc sul-
phate treatment.® The apparent superiority of zinc sulphate over
zinc chloride stood out in these tests, the seeds from the 8-gram zine
sulphate treatment maintaining their lead as indicated by the uppex-
most curve of Figure 3.

An interesting point observed in the plots kept covered with
checsecloth during 1819 was the action of zinc and copper salts on
the growth of bryoplytes. There was as much or even more such
growth on the plot treated with 4 grams of zine sulphate per square

oot as on the untreated control, but the growth diminished rapidly
through the 6, 8, and 10 gram plots and was practically nil in the
12-gram plot. With the other two chemiculs there was some growth
in the 4-gram plots, but not as much as in the contrel plots, and in
the plots receiving heavier applications there was no sign of
bryophyte growth. Again in the spring of 1920 it was noted that

& The evidence that this rather striklng inererse In germination with the Y-pram zine
pulphate treattgient was (e o uny inberent auperiority of zinc mll?hate over zine ohloride
18 wenkened by the |nconxistent positlon of the dgraor zine suipbate curve between the
curves for the Gprrm sod Bgram doses of (hls sabt. and alde Ly the swail jualz In &
Bingle test o which oniy 440 reeds were sown. If zine lops are the ouly active agents,
alnc chloride ghould e feound &s good ln every woy os zibe sulphate,
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zine chloride, copper sulphate, and zinc sulphate had a restraining
effect on bryophyte growth in the order named, and the inhibitory
effect appeared to vary directly with the quantity of salt applied.
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A« all the chemical treatments were efficient in reducing the
germination of weed seeds, the selection of the most practical treat-
ment depends upon relative effects on the pine seeds and seedlings,
Within the range of the doses tested, the cffect on the frees may
be briefly restated as follows: In increasing the total number of
seeds that came up the copper sulphate was jeast active, tle zine
chioride nest, and the zinc sulphate most active. Copper sulphute
and zine chioride retarded the rate of seed sprouting during the
first year, but the zinc sulphate accelerated germination. All of
the salts, but particularly the zine chloride, slightly increased the
number of cerminations that were delayed for a whole year. More
important than any of these phenomena, however. was the relative
extent of fatal injury to growing root tips. In this respect copper
sulphate was wmost harmiful, the znc chloride next, and the zine
sulphute least harmful.

With these general tendencies in mind. an effort was made te
celect (he best treatment from among those which produced no
root injury; that is, zinc sulphate at the rates of 4 to 8 grams and
zine chloride ab the rates of 4 and 6 grams per square foot. The
two zine chloride treatments were much alike 1n showing a tendency
to reduce the germinative emergy of western white pine seed, and
were nearly equal in the total free-seed germination attained; but
the G-gram application was the more offective on weeds. Of the
three zinc sulphate treatments in question, all greally reduced the
sprouting of weed seed, the 4-gram application being least effective,
All three. but especially the 8-gram application, stimulated the
germinative energy and increased the total number of western white
pine seeds that emerged from the soil. .

Thus, slight advantages narrowed the choice down to two ap-
plications—the 8-gram zin¢ sulphate and the 6-gram zinc chloride
freatments. Of these, the latter seemed to be the more effective on
weeds, but gave a slightly smaller total number of pine seedlings
and failed to hasten pine germination as did the former. Also, the
data in Figwre 1 suggest that, if through any cause as much as 2
gramns move of the chemical than was intended be applied per square
foot, greater injury might be expected to result from the 6-gram zinc
chloride than from the 8-gram zine sulphate treatment. The safe
and the fatal limits of concentration of these salts were not deter-
mined with sufficient precision to establish this point with certainty,
but the possibility of extensive damage resulting from irregularities
in distribution of the chemical in large-scale treatments had to be
convidered. The relative cost of these two materials per unit weight
of zine was almost the same ot central markets, but freight rates on
the sulphate were about twice those on the chioride. On the other
hand, zine chloride is a fused and completely dehydrated salt and
hence more hygroscopic and diffienlt to handle in the nursery than
is zinc sulphate. Consequently the 8-gram zinc sulphate treatment
was selected as the best.”

T Phe comparisan here of the relalive offcet= of the suipbate and eblorkde of “ine may ap-
pear nnscientifie becruse no direet eompirizons were made of doses eontainitg chemicnlly
cquivalent aneints of zinc. Pl wns an oversight in the plang for the work amd ean
not well be adjusbed in any way in fnferprelation wf the originnl date.  The nuthor frecly
admita that boennse of this weakness in the oviginal plan. the evidence on wlhich zing
suiphate was selected ratier than aine chiloride i not convinelng, No A):':wt!cnl ense hina
been msde agninat the chioride and further regenrell michr easily indieate cquality or
even superlority for the chlorde, An nrtempt 3 mnde merely ta show the Une of
thought, possibly a fanity one, wherehy the suiphate was singled out for further study.
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It was planned to obtzin information on the survival of seedlings
from treated plots to substantiate this choice. An early and unex-
pected snow cover in the fall of 1919 prevented detriled connts in
the plots at that time but general observations anid photographs were
made.  Plate 2 shows how the series of zine sulphate plots appreared.
The duplicate series checked very closely with the one illisuraied
here, particularly in regard to the clean cradivation of weeds in the
8-grary plot.  The relatively better stand of pine in this plot than
in those of stronger treatment sgurees with the fgures showing that
root injury to pine seedlings first became apparent in the Bp-gram
plot. (Tuable 2.)

TEST OF 8-GRAM ZINC SULPHATPEI\' REATMENT ON TW(O SPECIES
OF PINE

In the fall of 1919 and the spring of 1920, 16 test plots of 12 sfnare
feet each were estublished. This time only the 8-grfum zine sulphate
treatment was applied, but another tree species was introduced. the
western yellow pine.  As in the earlier tests, there was a murked re
duction in the number of weed seeds that sprouted,

Four treated plots and four untreated plots were cach sown in the
fall of 1919 with 1.000 seeds of clover. Similar groups of four plots
were sown in the same wiy with sorrel and timothy secd. During
1920 the following germrinations occurred. the figures being the
average number on each group of four like plots:

Treated Uatreated
44

Clover ]
G 24
il
1

Timnthy ..
Volunteer weeds

.8 Kl
i3

Total ia 225

Thus with the same sowing treatment 225 weed seedlings came
in on untreated soil and only 1.3 on treated soil. The serminations
the following year from viable seeds remaining in the seil aml! from
seeds having Leen subsequently sown by natural means in these un-
protected plots were 2 on treated soil and 21 on untreated soil,

Very similar effects on weed growtl were observed frow the freat-
ment of duplieate plots in the spring of 1920, No samples of weed
seed were artificially sown in these tests bul the trented and Hntrented
soil was given equal exposure 1o natural seeding,  During the seasun
the average results from duplicate plots were as follows:

Trealed Untreasted
Ctover R 47
19
38
15

Tatal i 123

How these plots appeared ut the end of their first season is shown
in Plate 3. A" That this relative freedom from weeds on treated soil
may be expecied to chango very tirtle during the second season is
indicated by the tests already reported.

It Is important to note that the otherwise very satisfactory persist-
ence of toxic eflects in the xoil during the second Yyear ns 2 result of
this chemical treatment scems to be reduced or eliminated if the soil
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be disturbed. In 1921 many weeds appeared during the summer in
scattered places where the soil had been disturbed by the use of a
spading fork and the pulling out of the tree seedlings, It may be
that in undisturbed plots capillary movement of the soil solution has
in some way maintained a higher concentration of the toxic solute
at the surface, which forms the germinating medium for seeds, than
at deeper levels, and that pulling trees has abruptly destroyed such
a condilion. Further observation of this phenomenon is needed.

The effects of the zine-sulphate method on pine seedlings in nurs-
ery beds as indicated by these trials ave given in Table 5.

TARLE 5—Cerminafion, fasa, and survival of western white and awestern yollow
pine growen in vefl treated awith 8 grams of zine sulphale per square foot'

GERMINATION AND SURVIVAL

* Geriulnulicn
e e e e e e e e Survivnl
Species and plots (1319) . o L2
mn 1321 Total
-t dmeamim s ey —= A i e o e i | ‘.___..._—,,___. —— [ U
Western while plne: : Number @ Number  Per cent ] Number | Number | Per eent
Prented Plots e imeenaroamma- o Q L& Lirg 250 8.0
Untrealed plots oo 532 28 5 500 1498 B7.4
Western yellpw pine: i
Treatel plols £72 0 n 572 44 75.9
Untreated plots 501 1 .2 502 7 T4 1
SO UG SV U Jp S SN R
LOSEES PY CAUSES, 1520
e e emmmar e 1 - - _—
- ] : k- soel-
Bpecies and plots ‘ Fungus : ooome | PYOUEBLE b
Western white pine: . Per cenl I Per cent | Per vent | Per ceni
Trealed PlotS. oo acmammmemmasaa e m e : 1L 5 531 0.7 4.7
Untrealed plnts mmmmmm—memmmmmmm————aama ! 2.0 80,5 .3 7.4
Western yetlow pipe: |
TrenTed POLS e ot ammmem e css s sas e 57.2 23.2 7.3 1.3
Untrealed plobs . coaenaen e memr——mammmmmnn P49 3.3 L5 10.3
- 3

1eed beds werp sawn In the (alk of 1915, Fleures are aveoaged bused on 3 plots sown with 1400 seeds
sach, They mmy e converled ipto pereentipe flgures based on the member af seeds sown by merely point-
ing off | decimal pluce.  Perecntige flgtires Tisted fo Che * germinutlon® sectlon of the tshle nre based an
ti.nr.négurmlnuticn, in Lhe “survival 7 stetion on the frst-your germinution, und in thy los3'* section on loss
o 190,

It is important that certain weaknesses in the basic data be ex-
plained. An attempt was made to list all fatalities according to the
most apparent or major cause of death. Chemieal injury is not
mentioned in the table as a cause of mortality, becatse, us in similar
tests of the snme quantity of zine in carlier experiments. no positive
evidence of the existence of such injury was found. However, the
difficulty of distinguishing between deaths from drought, damp-
ing-oit, and chemical injury at this stage the life of seedlings may
have resulted in inaccurate classification of causes of loss.  Chemical
injury may, indeed, have been an important contributory cnuse of
deatlr of some scedlings. IFor example, contrary to expectation, rel-
atively more trees scemed to have been lost from fungous trouble
on the treated soil. Even if this observation could be regarded us
acenrate, it has little significance because 16 was based on n single
trinl. Like the smaller ravage from culworms on treated soil, it may
well have been nccidental and could not be depended upon to recur.
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The clement of chance of infection by fungus or infestation by in-
sects may easily outweigh the effects of any special susceptibility
to injury. In other weords, lack of control has mude it impossible to
trace these effects to their causes on so small a basis of observation.
For similar reasons the relation of the chemical treatment to hold-
Over germinations can not be definitely stated. The slight tendency
of zinc sulphate, evident in the first tests, to increase second-season
sprouting of western white pine seeds was not in evidence in 1941,
Had the results of water cultures with zine suiphate been available,
they might have aided in the explanation of some of these points by
providing a better conception of the relative tolerance of dormant
seeds and of growing roots to different quantities of the poison.
Buch fundementsl points as these deserve further investigation.

The zine-sulphate tests;, however, gave some definite resuifs, which
are recorded in Table 5. As a vesult of the treatment, the nunber
of seeds of western white pine spronting during the first season was
increased by 25 per cent, through control of parasites or other
menns. and of western yellow pine by 14 per cent. The percentage
of survival, based on the total number of seedlings emerging from
the soil during the first season. was not appreciably affected by the
treatment, being for each species about 2 per cent higher in the
treated soil.  In other words, the rates of loss did not differ greatly
in the treated and untreated soil.

In general the results of the zine-sulphate tests sorved to corrobo-
rate the results of the first series and yielded two additional poims
of interest. These were that the treatment appesrved to be as
harmless to yellow as to white pine, and that artifieial disturbance of
the soil seemed fo reduce greatly the lntent toxic action of zine sul-
phate. This effect of soil disturbance might cause the chemica)
treatment to be ineffective in transplant fields where the trees are
cultivated: but it would in no way lessen the value of such chemi-
cal methods when used on seed beds that are not cultivated during
the lite of the crop. This observation snggests, however, the neces-
sity of 2 new application of salt to seed beds for each new crop of
trees.

OTHER EFFECTS OF THE SOIL TREATMENT

Among the questions that remain to be answered are the follow-
Ing: What is the effect of chemical treatment on the field-pen plants
used as a soiling crop? What is the effect on subsequent development
and survival of the pines and on other kinds of trces such as spruce
and cedar? Will this treatment be useful on transplant beds? What
precautions are necessary o suceesstul application of the method?
Wil it work on freshly fertilized soil?  While holding the amount
of salt per square foot constant during any one trenlment, is it snfe
to redhice the amount of water used, thus increasing the concentra-
tion of solution? Lastly, there arises the fundemental question of
the cumulative effects on the soil of repeated doses of salt over the
same areas. ‘Phese questions, in whele or in part, weve answered by
further experiments,

EFFECT ON TIELD PEAS

Despite its promise of becoming an efficient means of redueing
weed growth, the chemical trentment of the soil would be tmprac-
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tienble if it were to prevent the growing ot green fertilizers. It was
nutural to expect such difficulty because the zine sulphate had so
effectively eliminated the sprouting of so many miscellancous weeds,
including clover, a leguminous plant.

In the spricg of 1921 a crop of field peas, the usual sotling erop
at Savenac pursery, was sown on untreated plots and on shmilar plots
which liad rece!ved the soil treatment just one year previously and
had supported a crop of western yellow pine during its first senson,
The seeds were uniformly Lroadeast and covered with sand.  Germi-
nution was prowpt and uniform in all plots.  Apparently most of
the seeds which were sown germinated on treated as well as on un-
treated soil. {PL 3. B.) No water was applied until the dry season
started. Growth was equally rapid in the plots and no unhealthly
color of any significanee was observed in the foliage. At the close
of the season fwo sample areas were selected. the roots of the plants
washed out of the soil. aud the plants removed for laboratory exanti-
nation. Counts showed nearly half again as many pea plants per
square foot on treated soil as on unireated soil. indicating better
gevmination of seeds under treatment.  The resultant crowding and
poorer development of plants on treated soil is pot regarded as sig-
nificant Lecause the plants are unimportant individually, Oven-dry
weights in grams of the mass of plant material per square fuot were
as follows:

TasLe G—Oven-dry weight per square ool of ficld peas grown on treafed and
on witreated soil

EXRrmen e

Method boTops  Beols piges |

I {rams Grizea ' Girrha
el 003 | 57,43
an AT I B5.47

The following year another crop of peas was grown on the same
plots with equal success.  Growth and development of the plants on
the treated soil scemed about the sume as on the untreated checks,
but the foliage was slightly darker green, owing, perhaps, to some-
what grenter increases i available nitrogen on treated soil as @
resnlt ol the previous erop.

The top-ront ratios of peas are not of so much interest as are those
of trees for field planting, beennse with peas the main consideration
is vegetative malter for the production of s, The relatively
heavier rout systems of the peas Tound in treated soil corvespond to
results of work Ly Reimer and Tartar (34) indieating that various
sulphur fertilizers doubled or trebled the size of alfalfa root sys.
tems, and with the findings of Hart and Tottingham (/7) or Pitz
{32) that ealeinm sulphate increased the root development of clover,
Although the development of more nitrogen nodules with peas on
treafed than on untreated soil at Savemae nursery is contrary to the
results obtained by Wilson {42) and Fellers (/73) that zine sulphate
as well as caleinm sulphate and ferrie suiphate depressed nodule
formation on sovbeans. the finding seems to be supported by the
work of Miller (29) and Dudley (74} wih clover.
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It might be argned on the basis of such reports as that of Brench-
ley (4) that the favorable results obtained at Savenac nursery with
the experiment on peas could be expluined solely on the basis of the
varying sensitiveness of different plants to zine poisoning. However,
a later test at Savenac confutes this contention. IYn this test. in
which zine snlphate was applied immediately aftor the sowing of
peas, the sprouting of all seeds, including peas, was almost com-
pletely prevented. The loss of poisont by leaching or other means
when the soil was disturbed by uprooting pine seedlings is the st
gested cause of suceess in the fivst experiment with peas.

DEVELOPMENT OF PINE TREES FOLLOWINC S0IL TREATMENT

Good development of trees in the nursery results in high quality
of planting stock and consequently in better chances for survival
and more rapid early growth in forest plantations. It is essential,
therefore, fo study the effect of chemical treatment on the develop-
ment of trees.

A comparison of averages from various measurements of seedlings
is given 1n Table 7. The trees on which these measurements were
taken were mechanically selected by counting out every fifth plant
from stock which had been 1ifted from the nursery and root pruned
for transplanting or fleld planting. As none of the trees veere
crowded in the seed beds, disturbing influences from variations in
density were considered negligible. "The mensurements sought espe-
cially to detect any inferiorify of the seedlings from treated soil.
The apparent superiority of some of these seedlings may have been
caused, ot least in part, by the lack of competition with weeds rather
than by any direct stimulation from the chemical.

TaBLE T.—FEffect of treated versus untrented soil on ithe growth and development
af pine seedling slock?

71

Pranor-
Laterat rootlots . Hamale
: welrht

|
i
|

welght
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Erunnd

DManeter of stem ot
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L4 to 3
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Western yellow pine: Ml Num- N Nuw- N, Prer
l-yenr seedlings— . telers. ber  her  ber | ber  Gramas , cend !
On tronted sofl. ... AL - L a8 26 DLW 0058 0 Q8 oo

On untreatid soil LI CEW LMY 80 Lo 50y
Z-venr seetllings-— I ! | ! :
On Irented $oil A 297 1LAT 2.8, L L0 LR 831, 1A
On untreated soll 4015 Ly2mgy o ner, st ho o b oLgre . os00 0. 54
Weslern whiio pine: ! : ! ; ! i
2-year secdlinps— , ; | . : . !
On treated il - - - Al I -y =0 LB G R Y L8 &y
Ununtrented sl - L W28, T6 i S0 Ly AL e L6 NG

. r B :

¥ Dlensurements of -year stoek {(1-0) are averapes of 160 represLnbgive seedlings ineach instanee; for
2-year stock (2-4) 110 scedlings were wsed fov lengih mweasurernents nod 100 for weight meustranionts,
Before interpreting the figures in Table 7, the purpose and the
limitations of these figures should bo more clearly defined. The
general purpose, of course, is the detection of pussible differences in

OT4TH 28] ]
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plant development due {o the chemical treatment of the soil, differ-
ences that might not Le discernible except in the average measure-
ments of 100 or more plants. The particular purpose is to show
differences in what is called balance or the top-root ratio. Balance
is the ratio between the capacity of the top to transpire moisture
and the capacity of the root to absorh moisture. This ratio can not
be directly measured and must be approximated. Although & com-
purison of the oven-dry weight of tops and roots is inexact as a
measure of balance, mainly because volume of wood, which directly
affects weight, has no influence oun the transpiration-absorption ratio:
still, it is the mest practical method of getting an approximation of
true balance in small plants containing but lictte wood.  The method
of counting the number of roots falling into certain length classes
vields figuves which ave also imperfect as a measure of root develop-
ment, principally because the small rootlets less than 0.5 wneh long
were disremarded entively.  Although these limitations veduce the
preeision of the work, the figures still give a better basis for compari-
sons than can be had from superhicial observation.

Table 7 indicates that I-year-old western vellow pine trees from
treated soil compare very Favorably with similar trees from untreated
soil. except possibly in number of vootlets (primary and secondary).
In this respect the watreated trees averaged 15 per cent more rootlets
in the short length eloss and 35 per cent more in the longer class
than the treated trees. Because of this and because of the shghtly
shorter tops of trees from untrented soil. it would be expected that
the top-root ratio by weight would be greater for the treated stock,
but actually it was slightly less. The discrepancy can only be ex-
plained on the basis of what has alveady heen said of the imperfec-
tions in methods. The root differences noticed suggest that zinc
sulphate in the soil solution. even thoagh too weak to cause visible
injury to root tips. retavded the growth of roots. The persistence
of such retardation of root growth might well be expected to result
in similar reduction in the lator growth of tops and in general loss
of plant vigor. Largely beeause this did not happen. the root
differences just deseribed were not considered to be serious.

A year later samples from the same lot of trees which were then
2-0* western yellow piues, showed what wight bLe inferpreted as
complete recovery {from carly symptoms of indisposition. All meas-
ured characters, except balance. yielded move favorable figures for
the stork from treated soit than for that from untreated soil.  (Table
7.} “The 34 per cent more rootlels (primary and secondary) m the
greater leagth class for trees from treated oil much more than off-
set, in value (0 the trees. the 4 per cent advantage in number of short
rootlets belonging to the trees from untreated soil. The treated lot
of stock consisted of somewhat taller. sturdier. hetter-rooted, and
generally better-developed trees than the untreated lot.

That the trees frem freated soil had 3 per cont more of theiv {otal
plant weight contained in the tops was not in thenr favor but was
probably due merely to the artificial pruning operation which pre-

B as pondors fomblinr with nursery penctice will Know, this tersinelogy indientes the
numier of yeats spent by the plant in e soed Led angd e the teansplant bed.  For exam-
ple, 2=t slock nin secdiligs 2 venes phi waed i the Dl without pevious (ernsplanting,
aimed 2o gioek lm bDeen UWe Fears in the sesd Bed oand twe yeoars s e transplaat bed.
Bimitarly, 1-2 stk sad 2=t steck aee Uoth ) jears old, Lhe former bavlng been trans-
pHaueed al 1 yeac of age, the Jatler At 2 yenes,




WEED CONTROL AT BAVENAC NURSERY 19

ceded the measurements. In this operation all roots more than G
inches from the ground line were pruned off. thus favoring the smaller
plants by the removal of a smaller portion of their total root system.?
The difterence is not, however, great enough to be significant in feld
survival, and furthermore in similar 2-0 stock examined a vear later
it failed to appear.

The effects of treated soil on the development of western vellow
pine scedlings hold also for western while pine, as is shown {Table T)
by the larger avernge measurements for the trees grown on treated
501l. In other words, treated soil has been as favorable to the develop-
ment of 2-year-old western white pine as it was to similar western
vellow pine seedlings.

The same trees were further observed after removal from treated
seed-bed soil to the untreated soil in transplant beds. The western
yellow pine stock was transplanted in the spring of 1921 and the
western white pine a year later. A comparison of the stoclk trom
the two kinds of soil and at different ages is shown in Table 8.

TARLE S.—Lafent effect on transplants of origin in treaicd versus unireated
seed bedst

) Serdlings .
Kind of stock and condition of seed bed  trans-  Thrilty
" planted -

tife | Iofured  Missiog  Dead

1-1 westem Yellow pine: XNumber  Percent | Perceml  Percemd Percent Per cent

From treated sofl. . - A Tl 250 2.5 [ 0.

. . 400 - 5.5 ¢ 5.5 2.4 7 LEN

1-2 western yollow nin i

From trented seil_ . .- 400 LR 1 .

Frum untreatend soil 400 ] f .5 |

2-1 western white pine: ; '

From treaced soil . i w3 K
From untreated soil . . 284 341 1a1, a

i
T
i
!
\
1

X

t These figures recond the result of ohservations o western yvellow pine traosplants 1 year afer toans-
Dlantiog {1-1 steek), and the same troes o vear later (i-2 stock).

? Six ouit of nineteen trees died from injury by a garden hose to which tho pants of the treated lot woere
ot sulyjeewed,

There scoms to have been little evidence of difference in the stock
which could! be attributed (o chemical action. 'FPhe lots appeared
to be in very similar good eondition. The only possibly unfavorable
sizn was the presence among the western white pines of a fow more
unthrifty trees from treated than from untreated soil, but the
diflerence wus hardly suflicient 1o be significant, and. as will be
shown later, it did not persist in the field plantation. For views of
transplant rows of this stock see Plate 4, A and B. :

For the purpose of observing the relative survival and cevelop
ment of stock in the fleld, some 3.500 trees from treated and un-
treated nursery soil were planted by the slit method in 1922 and
1923, In May, 1922, two plantations of 2-0 seedlings were made, one
of about 500 western yellow pine on a southeast slope. and the other
o1 an equal number of western white pine on a northwest slope. On
the same sites in the spring of 1923 about 1,140 (2-1} western white
pines and about 750 (1-2) western yollow pines were planted.

AL the 1ime the work was doue it was desired to disvegnrd atl root develenmient below
G inches Lecause it would be pruned off in iy ease in actunl planting practice, Slocee
then the plunting crews have beon planting longer roots in deeper holey, su that wore this
experimeat vepeited using the inmroved wethiods now in voupue, the alightly superlor hals
nnee of stock from untrented soil wight no longer be in evidence.
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The comparative development of the seedling stock planted in
1922 has been considered in detail in Table 7. No laboratory study
was made of the transplants set out in 1923. Previous to planting.
the western while pine transplants were root pruned in bunches of
50 at a point 6.5 inches from the ground line. ‘The western yellow
pines were proned in bunches of 25 fo an 8-1nch root length.t?
This remsoved from 4 to 8 inches of rools from one-third of the
number and half as much from the remaining trees. From the
appearance of the roots in bunches the plants from treated woil
seemed {o have a stightly larger number of lateral rootlets.

Trees Trom treated and untreated soil were set in alternate vows
in the field in order to equalize their exposure to slight variations in
soil and competing vegetation. Kvery tree planted in cach of the
four plantstions was marked individually with a lath stake painted
white, 'Phis facilitated the taking of accurate field notes on the
behavior of the {recs during the next three years. 'The plantations
were examined monthly during their first season and in the spring
and {all of the second and third years.

Tapre G.—Lotent effect on field-plunicd seediings und transplanis of oripin in
treated end unireated seed Deds’

“tock planted, year of planting, and condition of seed bed Thrifty fUnlhri[L_v Deadd

Western whike E)ino:

o4 steck, planted 1932 Per erat I Perccal Pereent
Fromm breated) Sl oo s imem e 5G.0 1.3 437
From titrealed S0l o oo oo eamrrmmmr oo ' It Lo 4450

a-1 stoek, plonted 1923~ i
Yrrom treated 3ol oo e : 035 R X
Yot wnbrealed 8611, o o e iecaimemmemaboasisassmamaa- 5.4 | N 35

Westem yollow pine:
2 sieck, planted 1022 . ; .
From treated sofbe oo iaaon ) W ¢ 53,8

Frony unireated sofl MG Y RS
1-2 stack, plonted 1625 .

Frow treated soil ... T2t 41 1,5

From unirentod soil .0 L7 14. 4

1 Figures nre percentages of the ountber planted-—400 or mote in ench lul, 3,490 im all.

The vesults were watched with interest becnuse it was thoughd
that the treated soil might have caused some injury thai escaped
detection in the nursery observations and laboratory studies. By
September of the fivst year the majority of the unthrifty plants had
either died or recovered und by the third year the losses in all planta-
tions were sma.l.  The condition of the trees in the fall of their
third field season is shown in Table 9, and stages by which this de-
aree of survival was attained are shown graphically in Figure 3.
The diffevences in survival between plantations were marked, the
transplunts being superior to the scedlings and the site on which
the western whife pine was planted being more favorable to plant
life than that on which the western yellow pine was planted, but for
each elnss of stock the survival trends were very similar and differences
in survival were too small to be significant when some allowance is
made for experimental ervor. The 2-0 western white pine stock

1 Npmerons seedlings in a bunel: may be giickly nad satisfectovily root pruned it one
stroke if the plants themselves nre sumll.  When tange nud bushy scediings ave pruned
in this way the plonts on the terior of the hunch nee ear sherter than the olbers. Be-
cause tie western yeliow plues were arger than the westeru wbite pines in this experk
ment fower planls conld be walformly prused st once,



http:length.10

WEED CONTROL AT SAVENAC NURSERY 21

from treated soil was 5 per cent higher in survival than that from
untreated soil, but for euch of the other clusses of stock the trees
from untreated soil survived best by amounts from 1 to 4 jhr cent.

In the fall of 1925 after the transplants had been three vears in
the feld. measurements were made of total height and of the length
of the growth muade by terminal shoots during the year. No attempt
was mule to select trees for measurement except that all injured,
abnoruwml. or very unthrifty plants were excluded. The resulls are
given in Table 10.

TanLe 10.—Height growth in fhe fictd three years after planting of frees from
Lrented weraus andrented NUTECIY Kol

Total ;1025 - Basis,

Eind of stock uod conditivn of seed bod hoight  growth Lrees

Western white pine, 2-1 stoek: © inmckes

Mumber
From tronted sali Wi

L7
1.2 202
Western yellow e, 1-3 stack: !
Froee teeated sofl ., oo oo L. . .83 Ail 260
Frons notrenued <pil .3 . N 200

From the observations made, it appears that the survival and devel-
opurent of pines from treated and untreated nursery soil are very
siiuilar,

EFFECT ON TREE SPECIES OTHER THAN PINE

Pines only were used in the experiments so far described. In the
spring of 122 two plots sown to Engelmann spruce, (Picca engel-
mannd }y and two to western red cedar {Thwda plicata) were given
zine snfphate treatment. The bebuvior of fhese plots during the
season is shown by Tables Il and 12. The small difference in sur-
vival of sprace on the two soils is considered fo be within the limits
of experimental error and not significant, but cedar showed lower
germmation and wreater loss on treated soil at each count and resulted
in less than half the survival obtoined on untreated soil. It seomns
probabie either that the thin seed couts of western red codar were
moere easity penctrated by the zine poison or that the cedur is less
tolernnt of zine than are other conifers. The usual effeel of prac-
tically complete elhminanon of weeds was attained on treated soil.
Four of these plots ure shown in Plate 4, G,

TavLe 1L —Pirgl-pear peruinalion of Gugelmann sprucve and western red cedar
1
werdes S-gram zine sulphate frealment !

Speckes pod theabopenn, jHe J Sune 16 June 2t ! July 7 July 18 . Joly 29 Auguse 1?7

| . H
Toeegrel linaniasy SpAFisee . Nuuther  Ngwmber P Nuwmber  Number  Nuuber
Treuteal prlos 55 o 7 133
Untyeeiedd ety
Westorh i evdurs ! :
Peeibind shors . - 182 4 a G
Vitrenied piois B . h i 1] i}

& T 11

PRach fhere pepreseonts an avernme number of seedlings fop (wo plidy 2pwn with 508
gerds vacl. Plecs engebmaanti O Lole sattionil Farest}, sl sown Mav 24, 19022 g
Fhujn pleata Clado Nattonnl Forest), sved sown Juue 7, 18200 Hall treafed with 5 gramg
Zilie gulphaie per sguare fout,
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TagLE 12.—First-year survival and Tosges of Bngelmann spruce and wesiern red
cedar under 8-grum zine gulphate tregtment

Survival Loszses from—

fSpecies end treatment, 1822 b e
pec Based pp * Based on Cut- | Miseel-

sued sown: SR Fu.ngus. worms | lancous

. Seedlings

Engelmann spraca: Number | Percent ' Per cent Number . Number
Trented plows 33 A 0T 13 2
Untrested plots ' 8.2 11 1

Weatern red ceder: ' !

Treated plots . 63.8 2 . d
Untrented plots L ors - 1

In the faii of the same year a similar test was made with Douglas
fir seed. During 1923 the plots received no attention except sprin. -
ling, the weeds Deing nllowed to run riot on the untreated soil. In
the £al} there were 174 fir seedlings on treated soil as compared with
53 on the untreated soil where they had to compete with weeds, a
rednetion of 70 per cent on the untreated soil.

These tests were neither so intensive nor were they followed co
long as the experiments with pine, but as far as they go the indi-
cation is that the chemical trestment may be used with spruce and
Douglas fir but not with cedar.

The use of zine sulphate as a soil treatment was not tested in
ceed beds of any other species of trees at Savenac nursery, but Daon-
felt (9), after visiting the nursery in 1924, experimented with
Pinus sylvesiris and Picea excelsa in Sweden. He reports no dam-
age to these species from the zine treatment. In a later paper Darn-
felt (10) describes further encouraging results from his expeci-
ments. He used zinc sulphate at the rate of 60 grams per square
meter dissolved in 2.5 to 5 liters of water, and obtained reductions
of 50 to 75 per cent in weed growth,

DANGER TO THE S0IL oy

Some observations made in Germany in the latter part of the
nineteenth century are worth recording here becruse of their direct
bearing on the present problem. Sorauer (38, p. 752) reports that
Konig (25) paid especial attention to the effects of waste waters
containing zinc sulphate from zine blend mines. Streams receiving
siich water were found to contain zine oxide in solution, and te
cause an evident retrogression in the yield on meadows they wa-
tered; even in places a very poor growth. TUp to 2.78 per
cent of the ash of grasses grown on such sterile places, as well as
the deformed. bushy beech and maple trees, was zine, whereas the
ash of normal meadow plants contained none of this metal. Only
one specific zine plant, the * white mineral blossom.” was found
It conrained not less than 11 per cent of zine oxide in its ash,
Two points were brought out, (1) the great difference in the sus-
ceptibility of different plants to injury and the high concentrations
that sometimes may be endured, and (2) the fact that injury occurred
only after a number of years during which the zine had accumu-
luted from water contwining only very small quantities in solution.
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The possibility of serious injury to the soil as a vesult of repeated
chemicul treaiment was recognized early in this work. In 1921
Kelley * warned that soil injury might well be expected for two
reasons, (1} because zinc in any considerable concentralion is a
definitely established plant toxin to which different Spiecies are sus-
ceptible in various degrees; and (2) because zinc sulphate, being
& salt of & weal base and a strong acid, will tend to produce acidity
in the soil. Other students of plant nutrition doubted if the Save-
nac treatments would result in sufficient quantities of zine in the
soil at any one time to be injurious to the tree crops und were
inclined (o believe that injurious acidity would not develop in the
near future.

1he tendency for sulphur te produce soil acidity, however, has
been observed by numerous investigators. Storp (39) states that
the presence of zinc generates free sulphuric acid in some soils.
Olson and 8t. John (37) quote 12 authors who agree that sulphur
n various forms increases soil acidity. The relution of acidity in
the soil to the metabolism of plants’is not thoroughly unnderstood
as yet, but coniferous trees are often thought of as preferring acid
soil. Wherry (42} lists certain coniferous forest trees as prefer-
ring acid habitats, although also occurring on soils of intermediate
reaction such as other conifers appeared to prefer. Experiments
reported by Buker (2) indicate that unless acidity or allenlinity
reach extreme points they do not limit the survival or growth of
western yellow pine. Physical character of the soil had a greater
influence on the trees than soil acidity. Other investigutors have
concerned themselves with the effect of an acid state on soil fertility
through the influence of hydrogen ions on nitrogen fixation by cer-
tain soil organisms. Meek and Lipman (29) observed that, although
nitrification proceeded in peat soil of low pH value, organisms from
garden soit ceased the production of both nitrites and nitrates at pH
values below 5.4, The same men, in studying the resistance of
nitrifying bacteria to high salt concentrations, found that the sul-
phate was less toxic than other sodium salts. As has been pointed
cut in the present study, zinc sulphate in a single test seemed actually
to stinivlate the production of nodules on the roots of feld peas,
The chances for the development of unfavorable soil conditions from
the use of zine sulphate, however, are sufiicient to warrant con-
stant vigilance.

In 192¢ numerouws unthrifty 1-vear-old western white pine seed-
lings were found in one of the principal felds at Savenne nursery.
The soil had been treated with zine sulphate and showed a slightly
unnatural color, When the soil surface was air-dry and neighbor-
ing untreated soil was light colored, the treated soil appeared darker,
as It it were moist. These cbservations, particularly the unthrifty
condition of the trees, hrought about a soil-acidity survey by lie
author, a field inspection by & representative of the Burcau of Seils,
and soil examinations in the laboratories of that burvean. The fnd-
ings of these three agencies agreed that both treated and untreted
soils were strongly acid, having an average pH value of about 5.3,

2 Kelly, W, B, In & personal Jetter to the aothor from the ngrleultural espoviment sta-
tiow, Universily of Cabifornin, Borkeley, Culif.
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but that as yet this condition showed no connection with the zinc
sulphute trentment.

Vhe treated soil in question had received but ome application of
zine sulphate and was no more acid than the surrounding untreated
soil. Acidity seemed rather to have been caused by irrigation with
slightly acid water and by the presence of a somewhat impervious
subseil. The unnatural color of the air-dry soil is attributed to a
film of actual moisture on the surface of soil particles and pebbies,
due to the hygroscopicity of the salt. Meanwhile the nnthrifty color
of the foliage on the seedlings disappeared. The next year the trees
on treated soil had developed equally well with those on untreated
soil and had apparently recovered completely. The investigation did
not reveal the cause of the temporary unthrifty appearance of the
trees, but it served to remove the suspicion that soil acidity result-
ing from zinc sulphate treatment was the cause of unthriftiness.
Thus the first dose of zine geemed to have been as harmless in these
large-scale trials as it proved to be in the earlier small experimental
plots.

In order to estimate the possible injury from a second dose of
zing, an attemps was made to determine the guantity of the first
application still remaining within reach of the tree roots. The
Forest Products Luboratory at Madison, Wis., tested samples and
found no soluble zine in the untreated soil or in the treated soil twa
years after the application. In the treated soil .30 per cent of in-
soluble zine* wus found. Similarly no soluble zine was found in
the ashes of either white or yellow pine from treated or untreated
soil, This was to be expected because wood ashes are so strongly
alkaline with potassium carbonate that the soluble zine would be
precipitated as insoluble zinc carbonate, In the ashes of western
white pine from treated soil 0.48 per cent of insoluble zine was found
end in the ashes of western yellow pine from treated soil 0.50 per
cent. None was found in tree ashes from untreated soil. Thus it
seems that soluble zine had entirely disappeared from the soil in twe
years, and that which was not lost through leaching was eitler
absorbed by the trees or deposited in insoluble form in the soil,

The possibility of some of this insoluble zine aguin becoming
soluble, either through the action of the roofs themselve: or other
compounds such as ammonium salts, suggested that reduction in
the amount of zine suiphate applied the sccond time might be
advisable, Second {reatments were tried in 1924 on plots which had
been eiven the standard treatment for the fArst time 1o 1922, In pre-
paring the soil the land was plowed in 1922, hut spaded in 1424 in
order to keep the same mass of soil for sceond treatments. Iesuits
are given in Table 12,

12 The chimient staite of this iusoluhle zioe wasz not determined, [ 13 belleved to have
been the axide o possiliy the carbonate,  The quantity wis determined by dlssuviog o
geld ared cxdenlarioe ek 1o the orteinn] ehentoat wsed. Bobl ~omples wees capmosltes
made up [row spil takeo at varcfous points throughout the oot fone ol the pursery trees,
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TasLe 12.—Slend of trec seedlings and weeds on s0il fiwwice trewted chenrically

i Piee  Tree seodlings (1-0) ’ Weeds per 4 squara feat

treatinent per i
snuare foot in— ' per 4 syuars feat |
i !

e e | :
1022 oae2m Thrifty: I.h[‘r[il;;yf Deadh

Grass | Clover Sorrel Others| ‘Tatal

! t . )
Grams  Crams Number Number Number, Number| Nember Number Nu mberi.\'u reer,
3 . 4 235 ! T O 4 i . : i i n

330 ¥ b 0 2
3 q 3o 2 ! & 7 3 4 | Ii;
8§ § 249 66 i 48 13 s it 0 it
¢ - 6 315 2 . 1 ¢ 7 2 3 4 [ 18

As was expeeted from the results of earlier tests the germination
of pine seeds was increased sfightly (ubout 5 per cent) in plots
treated for the second time in 1924 with 4 grams of zinc sulphate
per square foot, and except for some grasses the weeds were elimi-
nuted. The superior resistance of many grasses to zine or acid
poisoning has been noticed in several trials, ” Similarly at the Wind
River nursery, at Stabler, Wash., the purallel-veined plants were
found more resistant to sulphuric ncid treatment than were the net-
veined species, and Rabaté (J3) found that spraying with suffi-
ciently concentrated solutions of sulphuric acid killed all weeds
except a2 few monocotyledonous plants such ag grasses and cereals,

In 1924 the repetition of treatment using halt the original amount
of zine was as effective on weeds as the repetition of the full amount.
The latter treatment alone was injurious to the trees. While n few
of the most thrifty individuals showed no apparent ruot injury,
many of the seedlings, including the unthrifty ones, showed strong
evidence of injury to the growing points, followed by decay of tap-
roots. This observation points strongly to the conclusion that some
of the insoinble zinc residue (probebly zine oxide or carbonate) in
the soil had been rendercd soluble either by the action of other
eompounds in the soil or by root action.

According to I'reytay {/.}) the soil solution decomposes dilute zine
compounds as they filter through the soil and zinc is retained in the
Torm of oxide. Daumann’s () work indicates that the presence in
the soil of such ingoluble zinc salts, including the carbonate and sui-
phide, can not injure plants. But the work of Nobbe, Baessler, und
Will {30} as reported by Brenchley (4) does not scem to ngree with
that of Baumann in that the insoluble zine earbonate is included with
the compounds that were found injurious. The dry weight of plants
grown with small quantities of zinc compounds was less than for the
controls, although no other sign of injury was noticed. Sorauer (39,
0. 768) clearly expresses his view of the nature of the injury caused
{)y zinc sulfate in soil in these words:

Zine earbonate and zine sulfate placed In the soil exercise an injurions
effect, In tlemselves, to e sure, they pee not fojnrions althouzl they are
qo0lulle in pretty consideigble amounts in waler confiining enrbon dioxid,
wheroby the zine suitid i= fivst changed to zine enrbanate, But their danzorous
actinn es in the transtrmntion which the zine tmdargoe s ju the lfovm of
vitriol with the potassinm, enleium, amd magnesimn sabs.  In this these nulrient
suliances beeome solulhe and may be wosted away.  In poor saody soils ster-
ility may, indeed, be produced and the injurigusness of irrizntion with wasie
walter from the zive smelters lies especiaily in this rewoval of the nuotrient
substances.
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Storp (39} observes that the direct action of zine compounds on
plants is Jargely destroyed when these compounds are niixed in the
soil, but suggests injury to soil due to the accumulation of insoluble
zinc salts.

The observations of these men seem to be in full accord with the
experience at Savenac nursery. Although the zinc residue in the soil
may be harmless to plants 1n its insoluble form, it is nevertheless
potentinlly injurious through its tendency to revert to soluble form.
Although such a tendency is a menace to future crops, it may at the
same time be the means of preventing permanent injury to the soil,
by permitting the removal of injurious quantities of poison through
leaching or absorption in the trees. Experiments have indicated that
when second treatments are made two years after the original dose
of zinc sulphate was applied, the guantity should be reduced to 4
grams per square foot.

Subsequent treatments have not yet been tested. It is hoped that
by the time such treatments are needed the natural loss of zine from
the soil will permit of fresh doses in sufficient quantity to be effec-
tive on weeds without injuring the trees. Inspection of growing root
tips ot the trees on treated soil should be made each year in order to
deteet possible injury to crops. If at any time an appreciable amount
of such injury is tfound it should be considered evidence of soil dete-
rioration from accumulated zine and the land should be treated with
lime and humus or given a rest. The safest policy undoubtedly will
be to avoid serious mjury (o the soil as a result of chemical treat-
ments, but it is reassuring to note that Soraver (38, p. 763) definitely
stated the possibility of restoring fertility in these words:

A s0il ruined by zine sulfate ean be improved by the additien of substances
which render soluble zine salts insoluble,

He recommended the use of humus in the form of moor soil or
stuble manure and under all conditions some form of lime. Although
it is possible that zine Lreaument for weed contrel can not be con-
tinued indeflinitely over the seme areas with impunity, future tests
of this treatinent should aim at balancing the income and outgo of
zine in the soil, avoiding overdosage and accumulation.

USE OF ZINC SULPHATE ON TRANSPLANT BEDS

Although chemical control of weeds in seed beds had been very
successful at Savenac nursery, following its adoption as an adminis-
trative measure in 1921, no attempt wis made to test suelt contrel
in transplant beds until four yeurs Iater.

Chemieal niethods of weeding were not expected to be so eflicient
for transplants as for seedlings for several rensons. Transplants
suffer less in competition with weeds because they arve older and
larger than most seedlings and beeause tlhey compete less with each
other. Standing in rows. transplants permit the removal of many
weeds by cultivation, a process which seems to interfere with the
toxic action of the chemical. Alsu, the open-diteh method of irrigat-
ing transplants may cause a greiter leaching of the soil solution than
the sprinlkting method ol irrigating seed beds. Nevertheless, some
simple tests of zine sulphate for transplant beds were made.

The last weel in April. 1925, five plots were transplanted with
4-year-old IEngelmann spruce seedlings and two plots with 1-year.old
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western white pine seedlings, each plot covering 176 square feet. A
week later the spruce plots were trented with 8 grams of dry zine
sulphate per square foot and the white pines were given 12 graums.
It was thought that this heavier treatment that haﬁ caused mjury
in seedbeds might not be injurious to transplants because of the
larger amount of water passing through the soil. Al of the beds
were irrigated in the usual way, but not any of them were cultivated
or weeded by hand until August.

Late in July, observation of the weed growth on treated soil as
compared with that on adjacent untreated scil indicated that clover,
sorrel, and cadweed had been almost eliminated, but that many large
plants of lamb’s-quarters remained. None of the weeds were counted
and no significant difference in weed growth between the heavy
(32-gram} and normal (8-gram) applications of zinc sulphate was
apparent. The profusion of weed growth on untreated soil in con-
trast with the cleaner treated beds is shown in Plate 5. The lamb’s-
quarters in the treated bed are conspicuous because of their size rather
than their number,

The trees surviving in certain beds four months after transplanting
were counted. The survival of Engelmann spruce on treated soil was
81 per cent as compared with 89 per cent on untreated soil. The
survival of western white pine was 77 per cent under heavy chemical
treatment, 85 per cent under normal treatment, and S8 per cent with-
out any treatment. The lower survival under treatment is attributed
to action of the soil solution on roots, because no effect of the chemical
on buds or foliage was noticesble. Probably the stumps of roots
resulting from pruning at the time of transplanting did not dirvectly
incresse the absorption of zinc. However, the shock from root prun-
ing and transplunting may have weakened the seedlings sufficiently
to increase their susceptiinlity to chemical injury. especially as the
operation left them without their former absorbing rootlefs in the
deper layers of soil where the concentration of zinec probably was
less thun it was near the surface,

The treated beds of transplants were all weeded by hand in Angust,
but the size of many of the weeds prevented the removal of all the
roots. Weeds arising from root sprouts in 1926 were numerous in
the treated as well as in the untreated plots. Although during the
second year the trees were probably in a better condition to withstand
further chemical trentment, it was not applied because it could not
be expected to cope with weeds arising from roots. Summer fallow-
ing Letween crops las since been found to be a fairly satisfactory
way of dealing with the weed problem in transplant fields during
the second growing season. As this has muade the cost of hand
weeding about equal to that of chemical weeding, there seems to
be small need for any further trials of chetrica! methods of weed
control for transplant beds,

LARGE-SCALE APPLICATION OF THE METHOD IN NURSERY
PRACTICE

Chemical treatment was first adopted as a part of the practice at
Savenace nursery in the fall of 1921 and has been used every year
since then. The zine sulphate is dissolved in water in a large wooden
tank and is applied to tLe seed beds from ordinary sprinkling cans,
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{Pl. 6.} The first year it was tried the treatment was found to be
cheaper than hand weeding, but nevertheless fell short of expecta.
tions. Weeds were reduced in number, but not eliminated as they
had been in the experiments. In large-scale treatments several pos-
sible cuuses of error were recognized and the precautions taken to
reduce them in subsequent work have led to gratifying increases in
effectiveness of the method.

DIFFICULTIES ENCOUNTERED

Among the more or less obvious causes of loss of the desived effect
were the following five:

{1) When uot thoroughly dissolved, zinc sulphate in various
degrees of suspension following periodic stirving in the tank can not
be evenly distributed on the beds, thus resulting in insuflicient salt
in certain spots to kill weed seeds and enough in other spots Lo harm
the growth of trees. Similar results may be due to irregular distribu-
tion of salt from other causes such s careless sprinkling methods.

(2) Too little zinc sulphate may reach the seed-bed sotl because
of loss by run-off of the solution in paths or because of short weights
due to the natural hygroscopicity of the salt. Accurate weights are
dependent upon protection of the material from dampness. More
about the run-off problem is given later.

{3) The method does not eliminate weeds which have sprouted
from seeds previous to treatment nor those which may sprout at any
time from broken roots in the soil. The work of Gericke (15} n-
dicates that selective absorption by corky root tissue and precipita-
tion of the injurious salt may account for the immunity of older
plants from injury. Obvicusly the soil should be cleared of ad-
vance weed growth and broken roots by cultivation or handwork
previous to treatment.

(4) Weed seeds from a distance may reach the soil through fer-
tilizer or mulch material and some of these may prove to be highly
resistant to, if not immune from injury by the treatment. Maay
wheat seedlings occured on treated soil following the usc of wheat
straw for muleh.?®

(53 The chemical effect of fertilizers or the absorptive nction of
hamus may reduce the effect of zine sulphate on weeds. Soil em-
taining a large amount of organic matter would undoubtedly re-
qilive Ticavier doses of zinc snlphate in order to attain cqual effect
on weeds Lecanse of the retentive eapacity of such soil for the soil
solution. At the other extreme. sandy soil with its usual very low
retentive capacity likewise probably requires heavy doses in order
to prevent joss of effect.  The formula worked out for weed control
on the nursery soil was found ineffective on pure sand used in grecn-
house tests at Savenac nursery in 1923, These observations agree
with those of Buunmnn {8). He passed zinc solutions through
various soils and tested the ltrate for zine. Much was recoveved
from the sand, but none from the humus scil. In power to absorb
zine he rates humus first, clay and limerock soils next, and sand kst

Further experimentation was needed to determine the extent of
the dilliculty due to freshly fertilized soil. Iollowing fertilizatics,

12 Invliiier {29} srates that glthongh whant i= clenely susceptibie to sine puisoning, it
ean benelt trom smell guaniities of zine compound,
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g. and chemical treatment of plots in the fall of 1922. volunteer
weed growth was observed in 1923, On unfertilized soil the treat-
ment reduced the number of weeds by 89 per cent, whereas, on «nil
fertilized with 1 pound of dried blood and ground bone per 18
square feet, the reduction was T1 per cent, and on soil fertilized
with 30 pounds of sheep manure per 48 square fect, the reduction
was 72 per cent. Thus on fertilized soil the efliciency of chemuoud
treatment was reduced by 17 or 18 per cent. This points strongiy
to the necessity for using a slightly heavier application of zinc sul-
phate. Otherwise hand pulling of those weeds escaping death from
zine would be essential because of the relatively more luxuriaut
growth of weeds which are not eliminated from fertilized soil.

According to Connor (7} lime may act upon injuricus compounds
in the so0il 1 three ways. It neutralizes soil acidity; it precipitates
most Injurious soluble salts which are found in seid soils: and if
antagonizes or opposes the action of exeessive soluble salts which
may not be precipitated. Among other metuls Connor mentioas
zine as one which is harmful in a soluble form but is rendered ioss
soluble and less injurious by lime. This is in agreement with the
results of True and Gies (40} who found that the growth of Lupinus
albus seedlings suspended with their roots in zinc sulphate solution
was retarded, but that when caleium sulphate was present, prowth
was more than twice as rapid as in the controls. In this casve cal-
cium reduced the toxic action of zinc to sbout ane-sixteenth,

At Savenac nursery in 1825 two plots of 12 square feet each
treated with hydrated lime, Ca{OH),, at the rate of 36 ounces per
bed of 48 square feet, and the usual zine sulphate application, pro-
duced 12 weeds as against one weed on similar plots receiving zinc
sulphate but no lime. In another test. empioying the same lime
treatment accompanied by a 25 per cent incrense in zine sulphate,
three weeds appeared on the fertilized soil and none on the un.
fertilized. The teees were apparentiy uninjured. These results are
in line with the tests of other fortilizers, indicating the need for
heavier doses of zine, and they conform to Connor's findings con-
cerning lime. The antagenistic action of fertilizers mulkes it seerm
desirable that they be mixed as deeply as possible in soil which is
to be chemically treated. because the principal action of the weed
poison is on or near the surface, whoereas Lhe iLree seedlings cun
benefit from soil nutrients drawn from deep in the root zoue.

The prevention of loss of zine sulphate by run-off in the paths
is connected with the concentration of the solution used. I the
determination of the best amount. or dey weight. of =alt to use per
unit of area. an obviously safe quantity of water. 1 litor per square
foot. was usodd in the first experiments. Thix amounted to about
12 gallons of liquid for each seed bed of 48 square feet and was found
to be more than the soil conld absorh at once. Al areas wero gone
over twice in order to prevent loss from run-off. The additional ex.
pense of <o doing was eliminated in later work nftoer experiments
had shown that such difute solutions were not tecessary,  In the
tests the original quart of water was halved, guartered, and omilted
entirely on certain plots, the amount of salt being kept constant at
8 graums per square foot. DBoth western vellow and western white

SOWIng
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pine seeds were sown and their germinations, losses, and survival
were closely observed. Developments were much the same in all
plots, but survival was slightly lower in those plots that received
dry salt. probably because of the lumps of chemical which prevented
as uniform distribution as is pessible when thbe salt is disselved in
water before being applied. Root examinations with & hand lens
failed to reveal any abnormalities traceable to the chemical treat-
ment. The elimination of weeds by the chemical in these plots was
perfect, not a single weed being found during the season on treated
soil. Plate 7 shows how the plots appeared. The primary purpose
of this experiment, however, was fulfilled by the assurance that
the usual quantity of zine sulphate (384 grams or ghout 134 ounces)
may be distributed as satisfactorily over 48 square feet of soil surface
by 3 as by 12 gallons of water.

FINANCIAL SAVING

The nursery manager reports that chemical methods have ma-
terially reduced the annual costs of weeding seed beds.* By hand
methods the cost during two years for raising 2-0 planting stock
is %1.40 per bed of 48 square feet. of which 40 per cent (or 56 cents)
is the cost of weeding. Under the zinc sulphate method, similar
9-year costs are $1.02 per bed, of which 17.6 per cent {or 18 cents)
is the cost of weeding. This weeding charge, of 17.6 per cent of
production costs, consists of 7.8 per cent (or 8 cents) for the chemical,
8.9 per cent (or 4 cents) for the labor of applying it, and 5.9 per
cent (or 6 cents) for subsequent hand weeding. Thus the use of
zine sulphate reduces the cost of preducing 2-0 seedlings from $1.40
to $1.02 per bed, n saving of 38 cents. However, the usefulness of
this chemical method ean not be adequately stated in dollars and
cents because the value of avoiding extensive injury to tree seedlings
from hand-weeding methods has not been appraised.

LIMITED APPLICABILITY

Weed control in coniferous nurseries by the use of zinc sulphate
is possible because of the especially high resistance of conifers, such
as pine and spruce, to injury by small quantities of zine. The com-
mon angiosperms, to which group almost all agricultural plants and
weeds belong, do not possess this specific tolerance for zinc. Hence
the method cescribed here can find no application in general agri-
cultural practice. Nor is it adapted for use in destroying weeds
along railroad rights-of-way, in lumber yards, in driveways, or for
similar problems because its specific effect has no value there.  Wher-
ever soil injuries are net important stronger doses of other common
herbicides such as sodium arsenite are to be preferred. Even for
coniferous seed beds zinc treatment can not be recommended for
universal and unrestricted use, on account of the necessity for pre-
servine soil productivity. Clemicals are needed only where the
cost of hand weeding is excessive. They should not be used without
preliminary small-scale tests in varied quantities and should be
repeated only after the eflects of the first dose have been determined.

1 Weniding costa in terma of epch thousand trees praduced are omitted here tor the
reasen already given in footnoie 3.
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Constant vigilance is necessary in order to avoid injury to crops and
soil, or at least to prevent the repetition of any unintentional
injury.

SUMMARY

The three most troublesome weeds at Savenae nursery are species
of sorrel, timothy, and clover, introduced principally through irriga-
tion water, manure, mulch, and wind. Chemical (reatment of the
soil to rid the nursery of these weeds has been thoreugzhly tested in
beds of white and yeliow pine, which constitute 83 per cent of the
annual output of about 3,000,000 trees at the nursery.

The soil at Bavenac has good physical properties, a high percentage
of granular structure, and highly oxidwed soil minerals. Organic
matter is present in fair quantity. but uot much of it is well decom-
posed. Lainte in the form of ealcium carbonate or caleium phosphiate
is absent. Potash feldspars, potash micus, and lime-soda feldspars
are found. The seil tends to have an acid reaction, the irrigation
water being slightly acid.

In 1915 various quantities of sulphuric acid applied to plots of soil
in the nursery to arrest damping-ofl fungi were observed to reduce
weed growth. In 1916 preliminary tests of chemical weeding were
sturted, in 1818 intensive study of the subject was taken up, and in
1921 a chemical method based on the tolerunce of conifers for zine
was put into general use to control the growih of weeds.

The application of the Savenac treatment is simple. It consists in
applying 8 grams of zine sulphate, ZnS0,.TH,Q, known comumercially
as zinc vitriol or white vitriol. dissolved in 250 cubic centimeters of
water, to every square foot of seed-bed area immedintely after sowing
the seed. This amounts to 114 ounces of zine sulphate per quart of
water upplied to every 4 square feet of seed bed. A new applica-
tion of the zinc salt is needed for ench successive crop of trecs. The
second dose should be only half the quantity of zine originally ap-
plied, and the proper amount for the third dose ean oniy be deter-
mined after close examination of the results of the first two doses,
or, better still, by actual tests of the effect of applying different
amounts of zinc on sample areas.

In the practical use of this treatment it is essential that care be
exercised to obtain an cven distribution of the chemical. The ex-
periments indicate that if, through any cause, as much as 10 instead
of 8 grams be applied to the square oot of Savenac soil, about 7 per
cent of the growing root tips of the trees may be injured and that
this injury will steadily increase with the overdosage.  This observa-
tion does not apply equally to soils of different water-holding ca-
pacity, and heavier doses may be needed on sandy soils and those
rich in humus. At Savenac nursery oreanic fertilizers reduced the
efliciency of the treatment about one-&fth. :

Results from year to year have viried a little, but each extensive
trial has prevented the growth of at least four weeds out of every
five in the sced beds for two seasons following the application, The
treatment does nol kill advanee growth of weeds which may happen
to be in the beds, nor pieces of roots or underground stems (runners}
left from hand pulling, but it dees prevent the germination of most
of the weed seeds. They appear to be killed just after breuking their
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seed coats in an attempt to germinate. The treatment scems espe-
cially eflicacious with clover seeds and very effective with sorrel and
timothy; most of the native weed sceds are readily overcome. In
general Lhe grasses have been observed to be least affected, ntul wheat
see(ls appear to be immune from injury, or nearly so.

The value of avoiding the injury to trees incident to hand weeding
has not been appraised: but, at least, the use of chenmical methods of
weeding at the Savenae nursery has elfected an annual savinge of 38
cents in the cost of weeding each bed of 48 square feet.

The zine-sulphate treatment for seed beds appears to have a ten-
dency to stimulate the germination of pine seeds not only by reduc-
ing the time necessary to complete the germination of all viable
seeds but also by increasing the total number of individuals that
sprout. This tendeney is probubly due to the control of parasites or
other indireet action. rathier than to any direct stimulation of the
seeds, Careful comparisons of the behavior of stock from treated
and untreated seed-bed soil have been made during the various steps
in nursery culture and later for the first three years after field plant-
ing, or until the trecs were ¢ years old. The treatment lLias been
found in no way detrimental to the subsequent development. survival,
and growth of western white or western yellow pine planting stock.
The germination of Ingelmann spruce seed is not injured by this
treatment. but that of western red cednr soems to be reduced, prob-
ably because of the thin zeed coats.

In transplant fields only one test of chemical treatment has been
made. Mest of the weed growth was prevented, but the trees were
slivhtly injured.

The use of field peas us a green fertilizer erop on treated soil is
possible beeause after a erop of tree scedlings has been grown and
the soil is again plowed not enough svluble zine is left to interfere
with the sermination of peas. The zinc residue in the soil tends to
benefit the peas Ly increasing the number of nitrogen nodules on
their roots. ‘The effect of loss of wine from freated ground is also
noticenble oven where the soil ha< been disturbed. as n lifting trees
for shipment. Weeds have been observed to seed in freely on stich
Areas. :

Two forms of danger to the soil are revognizmd ax u result of re-
peated applications of zine sulphate.  These ave the development of
soil acidity and the accumutation of zine in quantities sufticient to
injure the trees. Such danger exists in spite of the loss of zine Lramn
the soil v Jeaching and by absorption in (he trees.

The untreated soil at Savenac nursery is natweally acld, and sul-
plur in various forms tends to increase acidity.  Zine sulpbate is
expocted to merease aeidity beeruse it = g salt of w weal buse and a
strong acicd.  So far the areas that have been given the chemical weed
treatment have not been noticeably muore acil than adjacent un-
tronted avems: bt lime has ndready been used throughout the nur-
sery tu check the general tondeney toward acid veaction on unfreated
soil. and in the Tuture it is possible (hat more lime will be needed not
only to neutralize ueid hut also to inhibit the toxic action of zine on
arens treated with zine sulphate,

Although tests made by the Forest Products Laboratory at Madi-
son, Wis., failed to revenl any trace of soluble zinc in treated soil
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iwo years after the application of zinc sulphate, small quantities of
insoluble zinc were found. A second crop of trees on this soil was
injured by a repetition of the original zine-sulphate treatment in full
amount but was unhaymed by an application of half the original
dose. Apparently the deposit of insoluble zine, representing a part
of the original amount added to the soil, had again become soluble

and existed in the soil as a menace to the crops.
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