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Chalrman webster: Thank you, Jim, Tor iour excellent contribution on weed contrel
seasures. Sur next tople is deveted to nursery irrigation and
will be presented by Ualier ITngstrom,

CURSEEY IRRICATION
by
Walter Trnpstron

Irrigation in its broadest sense ircludes all of the preblens of collect-
ing, storage, delivery, and application of water to thc 1and Lo promote growt
order to fully understard the scicnece of irrization and to make *he best use of

water, we must first know the functiors of water and its relatieonship to the soil
and plant reactions. While the main object of irrication is to Lcep plants growing,

water 1s 3 ruch greater inrluence than sny other factor upor the form ang structure
of a plant, ‘later is impertant to the plant in many ways. It is a component part
of" protoplasm and, with carbon dioxide, is cssorilial in the mamifacture of plant
foods It cormstitutos the greater porcentage of the woishit of the plant. ALl plant
food must be in solution before it can be utilized oy the plant. ater is ithis
great solvent. Tt scrvez as a nedium of transport of food materials; keepns cells
turgid, a ccndition escontlal to normal functioning of the plant, :ﬂd last but not
lenst, it tends to prevent excessive hcating from thz soil, air, and chermileal reac-
tione taking nlace in the plant. 1P~ trpﬂ test scurces of danger which a plant has
Lo neet are ’“"ulf“c ent abscrption { Vo tronspiratiorn,  To combat bhis
situation, many plant specles will in their f'\‘ for exizience tend to uake ceriain
internal and ex bcvnal chrnges when the optimw: ncisture range is decroased; some
such changes being increased osmotic pressurcs, thickened cell walls and prowective
coverings, and cnanges in amcunts of the various plant tissues. Sxternal cranges
will be more easily discernable in a dwarfing of the plani, shortened needle growth,
ard off color whick is a cordition we wish to avold,
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Forms ol Soll ater

Because of 1ts great importance,

i necessary to be familiar with the
variouvs forme or xinds of water as all soil

S
valbers are rnot available to the plant.

There are primarily three forms of goil water and these are briefly de=
scribed as follows:

(1) Hygroscopic water, or water that is hold by the coil after capillary
water hasg been removed; mostly ncld as very thin £films on soil narticles, espoci-
ally colloids. Sometimes also term given to moisture Lhat is ebsorbed by a dry
5011 from the atmospherc,

{2) Capillary water is water that ia
particies aftier cuecss water has beon romeoves
ther gravitational pull. Is somctinmes broken
range, thoe upper where canillary water lg abundant
water slows down.,

(3} Hydrostatic wnter 1s water that woves dowrriard by sravitational force
and drains away. Also known as gravitational or {rec wrater.

It is with the capillary water thal we are most eoncorned, =s hvbrcsco
watcr is unavailable to tho plant, due o the facht that the attraction for water to
Lhe soll narticlos increascs 1z the film grovs thinner, uniil svater cannct he fur-
nished rapidly enough to insure normal functioning of the plant. Likewisc, hydro-
static water is available only briefly as it passes on throu~h the root zone., The
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amount of availabic water will, of coursc, vary in differert soils and Is deter-
mined by several factors. liost important of these are seoil texture, or size of
5011 particles, the arrangemnnt of these particles known as soil structure and the
amount of orgarnic matter. The effect of each is as follows:

(1) so0il Texture. Sirce watcr is held in a thin {ilm upon the surface of
the soil parTicles, running together and foming drops or masses only in a saturat-
ed soil, the amount of water retained necessarily increases with an increase of
water holding surface, and the finer the particles the greater the surface. ike-
wise, the movement of water in all aircctions is depecndent on the size of thesc
particles and the upward novement cr capillary action being increased while the
dowrwrard movenent by gravity decreascs in vreoportion to the fineness of tie parti-
cles ercountered, This can be readily noted in clay or silt loams and coarse sandy
soild when in contact with a srater +able, the former being quite noist while the
latter is dry.

(2) so0il Structure. The cffect of structure on water retalining power 1s
evident by ihe fact that a soil in good tilth will hold more watcr than a hard,
compact cne. Clay soils will hold water more tenaciously and retard or prevent its
rnovenent even to the extent of becoming water lopeed and preventing the ncrmal flow
of air in the soil,

{3) oOrganic ¥atter. Organic matter affects the water content directly, as
to quantity and quality, by holding water in large awcunis in a sponge-like fashion.
Tt 2150 has an indirect effect on seil structure as it tends te loosely cement sand
particles together, thereby decrcasirng percolztion,

gur concern is the amounts of water necessary and when to apply. These are,
of course, individual problems and are dependent on type of scils, kinds of stoek
grown and climatic conditions. This rust be ascertained for each nursery site, but
the basic principles are the same, Te must first detemine the water-holding capac—
ity of cur individual soils, the plant requirencris, and the various factors that
irfluence the withdrawal of rmoisture from the soil, such as temperatures, humidi-
ties, and wind action as it affects evaporation., Of these, the one most apt to
give us trouble is the amount of water ncedcd for normal plant functioning and the
point a% which such nommal functioning ceases due to lack of moisture. Unfortunate-
ly, little is known about the latter, which we krow as the wilting coefficient, and
ruch study and research are needed alcrg this line.

It cannot be determined entirsly by the soll type as some plants can absorbd
nore moisture from a eiven soil than others. On the other hand, sore investigators
have concluded that species differ very little as to waler content when pernanent
wilting takes place, and that the big difference lies in the distribution and ex-
tent of the root svstem, the theory boing that an extensively branched root systen
with an abundance of root hairs will contact a larger soil surface than a ganall
root system and would reduce the moisture content of the soil te a minimum before
wilting. The exact permanent wilting point is difficult to determine and should
rnot be confused with temporary wilting from which a olant will recover. It is,
noviever, T believe, the approach to the temporary wilting point or the slowing up
of water intake that we should be most corcerned with as, even though the plant
will recover, it has definitely suffcred through the siowing up of cell and plant
food formation. The riore often this takes place, of courc., the nore detrimental
will be its effects,

From the deternined scil capacity and wilting point, the amounts and period
to apply water can be calculated, but it is fully realized that time and man-power
and probably the means are not usually available to make such determinations,
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rt ) cthods and cven then no hard-nand-fast
rules can be laid down, as propur‘ is £o intimately related to changes in
locat weather conditions., & day-to-day or more often cicek on the soil moisture

in the beds 15 necessary, Threuph long exporience 1t is possible to determine con-
ditions by fiol ond ocular obscrvotions. Ve all, no doubt, have ocur peb methods
which all lead te the saznc conclusions. Ferthermors, we krnow that countlass
aillions of trens have been raised and suzcessful plantatisns have been established
with few failures, so our deducticns have nct been too far amiss.

Consequently, wo must rosor

In oy ovm case, I make use of a 501l aurer Lo delemine depth of moisture =nd
amounts by adnercence of the scil particles to cach other ,hc“ quaezed Inte 1 mass
as well ag eolor of ton soll. TFor fast work, = 127f netal pin similar ta o sur-
veyorts pin iy be used, inserting it into the sccd bad which in mos=t soils will
reaaily establish depth to the dry srea, Various ctha
absornption cups, systematically placcd Co 1t1;ncrs Tor noip and
irdicator piaris have bhesn exporinented “rith, but T knor of none in use today whilch
misht incdieate that uch ncthode are again too conpleox or unnccessary. Iy sractice

1015t oubestratun at 21l times arnd keening the soil molst in
the ceca zone during t“O peried of germination, sllowing a pradusl drying out of
i i § i is angplied

o

provith progresscs, miking sure that sufficient wate
riach the existing molsturc sone. In cther words, Lo -:llow no dry
ratunt to form. DBy the latter part of ausust, r“ﬂvﬂt org arc rade less
ently to jrad¢Allv'bu1;d up resistarce in the glant <o withstand rinver condi-
o} adying the stoek for field planting which weo e hardoning of £ of
tock, If slimatic conditions are such that natursl procipitation canmnol be
rcetoed, “rrlgi lon water must be applied so a3 to insure the soil zoling into the
ter in 3 moist condition vo take carc of the the plant.
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we izt briefiy touch on the usce and wisuses 2f woter other than tho merc
use of }ecol“" nlants uTGdlng in a rermal healihy condition,

s

B

use of too much wraler 1s an error that i not tec hard to commit. Very
cfien, docauce whe water iz there for use and tnb comnen facling besing that too
ruch 1s betlter than not enourh,  This is without o doubt true o cortain limita-

iong, but it nny have o detrimental offcet cibeor *q'ﬂ cen the 2lant In lessening
or « Anating the air centent of *he scill which is sssertial or sropar provth,
This 15, of ccurse, more serious on the hoavier soils and those undeorlaid with hard-
wan.  Uncontrolliod irrigation o 4l50 be detrimental in the ?ﬁzCﬂ?ﬂg out of reoach

I the zlant roots, plant putwl—nfs or salts by too henvy s 18 well a5 the

lelGlRQ up of corcentrations of salis by tco little watnrlnp. The use oI wator,
100, 1s made in the coxbatting of certain dl”)ﬁSGS, such as i
in propress, may be icssenoed by the dr"" v off of the szoll,
quite 1 factor, is tho cconomical anple a: wqtcrinq, g vl o2
sive activity at best and shoules be ceonsidered =5 onc of the 13

imiting items in Zts
USC

I kzve rnot nenticned the mochrnies
vidual rursery layouts anc distribut
vould, however, before closing Likce
Projecti.

Hiretofore, practically all. nursery stock for ficld planting on Iational
Torest lands has been prown at our Wind Riv at Carson, Vaghington, where
climatic conditions are very far removed from 1'. > found in castern Jechington
and Qrepon, At that nurscery, vhore the srual procipitstion is around &0 CHLES
with 120 inches not uncomnon, one can well imagin iculty of cstablisning
a succcssful planting when stock Zrow such 2 location is out-nlan*ed in areas
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Bend, The Berd Mursery was establishcd to grow steck Por auch areas of 1i eut rain-
fail, ane it is 2ur hope io be able to develop a more or less tailor-made wroe,

which w211 be able to withstand severe droucsht conditions. The nursery, when com=
pletgd, will ceomprize approxXimately fifty acres under an overnead water systen,
commonly knowr: as the Skinner sws tuJ, with a conzsideradl: arca adjacont that zould
be used for vransplant stock, if nec 54ry. Such arca would have to be irrigated
by the open furrow method or by use of LOVale sprinkiing lines. Dur irripation
sysienm my differ from others only in method of sunply. Vater for jrrigation pur-
soses L0 tho area is suaplied throurh several Irrigation Companies and the water is
tied to the land. This was one of the factors that cuiablished the location of the
Band jursery as the use of the watcr ic 2llocated by prioriiics based on the time of
incorporation. The hceadgate of our supply is locataed potter than a nile from the
nurscry and urisr te our acjuiring the land, wator wras broucht bte the sitec throiugh
an oper Jditen.  Beemuse of Lthe nature of the country, water lescses in the ditche
are so proat we consiructed a 12-inch piveline and by-nassed the q1tch. The water
is brouskt frem the hoadgate throush this linc by gravity to a three-compartment
rogarvely where i1t passes throusgh o serias of screens and thence purped into the
narsory cystem. The use of this type of wabter oricinally cnaused some concern, due
to the large amounts of debris, scum, and weod sced that i1 carricd which would tend
to plug up spray nozzles arnd reinfest the arca with weed growth, Our filters are
congstructcd of 2 fine mesh secreen, known as "Fourdenier screen," and we find most,
if nov all, foreign matter is e¢liminated and a minimum of nozzle plugeging is exper-
lenced.

Tt is realized that while much of the forepoing statemont is highly theoret-
ical, it is nevertneless scientifieally provable and sound and will serve zs a good
basis or which to make our determinations of individual reeds and applications.

fugenstoln:  vhat is the advantaege of overhead irrigaticn over furrow irrieation?
Wie use furrow on transnlant stock and overhead on sced beds, Ve get
better roots on furrcw irrigation than we ret with the overhead systen.

Chairman wcbster: How can you irricate uniformly with the furrow method?

Augenstedn: T think soil type would cnter in there. OQur soil is adapted to furrcw.
T Ve run 25 teo 30 minutes throuzh SO0 beds.  Qur paths are cultivated
and it takes time for the watir to rurn to the end of the bed. I am in
favor of irrigating secdlings stock by furrow. Ve find that overhead
irrization tends to develop roots close to the surface,

Chalirman webster: Cur root pruning cncourages deeper lateral rogt development and
we nave oxperienced no problen in the development of the shallow
lateral roots with overhead irrigation,

Chapin: I would think your soil tyve would be the limiting factor. I am surs we

could not get Jroper irrigation throuch our soll in Bellingham with furrew
irrigation.

Lanquist: We had a chance te try out furrow irrication on heavy soil. ile useod it

or. transpiants. I belicve the secdlings were superior when Ve used over-
head irrigation as we could control the wator better, hbn we used
Turrow irrication, spots would get water soaked and othor spots were dry.

Chairman UVebster: Does anyone have any expericnce in controlling soil temperature

by the use of irripgation in lieuw of shade frames?
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McDaniel: Ue control the temperature, bringing it dovm with water. We bring the
remperature down by application of one waterirg neriod since the top
scll has hichest temperature during the heat of the day.

Chairman 'ebster: The theory used tc be that we do our irrigating early in the
day, TIs this necessary, or can it be core during the heat of
the day?

Languisi: 0One time we had trouble raising white pine, The pround seemed te fom
heat lesions. Scmeone hit on the idea of cooling the soil by sprink-

ling to contrel surface soil temperature, Soil temperature as high as
1209, Sprinkling solved our problem.

kindt: Lake State Experiment Station ran experinents on that subject., It was
belicved thalt we had to water in the coocl of the day, thinking that cold
water on a hot day would injure ithe plants. This seems not to be true.
I have watered when air temperature was 107 and soil temperature 125 in
the heat of the day on 1-0 and 2-0 stock with no hamful effect.

Chapin: We use cvernead syrinkling in lieu of shading arnd have not shaded for 10
years. e are raising spruce, pine, fir and have had no trouble in 10
years.

Leffenbacher: Ve have done away with shade frarmes.

Chalirman ilebster: Do you watch your soil tcompepratures at each application?

McDermitts I have lost trees by letting the soil temperature get too hich before
applying water,

Chairman Vebster: Tharnk you, ‘7alter, for a job well done. The subject was very
interesting and i belleve that from <he discussion sone of us
picked up a few pointers that will save our employers consider-
able money. Our rext topic ig 3icck Distribution ~ Lifting and
Grading, and will be presznted by lorman Biorklund and Tarl
iicDermitt of the Hisqually iharsery, the only industry nursery
represented here today.

STCCK DISTRISUTION — LIFTING AL ORADING
by
domian 3jorklund and Zarl febemitt

Since inception of the Hisgually Wursery in 1541 by the Liest Coast Lunver-
nen's Associatvion to provide uplanting stock for reforestation of idle private for-
est lands, 1lifting and grading methodc have been developed from experience and
through experinentation to handle a seedling crop which now averages six to eight
million trees per year. Practices beins used currently will be charred as needed.

Lifting

Lifting operations generally start at the tursery about the fifteentn of
Wovember and continue until the first part of ppril. By lovenber 15th the trees
are in a aormant condition and have hardened off ©o the cxtert that ther can be
handlea without appreciable damage. By early 4pril, spring growih is beginning
and further lifting is stopped, Lifting operations are cooriinnted with packing
orders on a week to week basls, as the storare facilities at the lurscry are




