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2> Efficient Distribution
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Micro-Sprinklers Above the Foliag
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Daily Water Use (In Gallons per Day)

BASED ON VARIOUS EVAPOTRANSPIRATION RATES

Square Feet ET Rate (in inches/month)

of Plant Cover b 2" 3" 4" s" 6" { b 8" 9" 10"
1 sq. ft. 0.0187 | 0.0374 | 0.062 | 0.083 | 0.104 | 0.125 | 0.145 | 0.166 | 0.187 | 0.208
4 sq. ft. 0.075 0.15 0.248 | 0332 0416 0.5 0.58 0.664 0.75 0.832
10 sq. ft. 0.187 | 0374 | 062 | 0.83 1.04 1.25 145 | 166 1.87 2.08
75 sq. ft. 1403 | 2805 | 465 | 6225 | 7.8 9.4 10.875| 1245 | 14.0 15.6
100 sq. ft. 1.87 | 3.74 6.2 8.3 10.4 12.5 145 | 16.6 18.7 20.8
200 sq. ft. 3.74 7.480 124 16.6 20.8 25.0 29.0 33.2 374 41.6
300 sq.ft. 561 | 11.22 18.6 249 322 | 375 435 | 498 56.1 62.4
1 acre 815 1629 2701 3615 4530 5445 6316 7231 8146 9060

solid cover
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IN-LINE EMITTER
NONCOMPENSATING

(with hosing remnoved)

E Inside an In-Line Emitter.

The water moves like a

@% small horizontal tornado.
S & This keeps all particulates
S| & in suspension until the
S o= “dirty” water reaches the

r
1

I\ ,n
LS

larger-than-normal orifice.

inside the drip
imgation hose. This type has
a complex path for the water
to follow, known as a “tortuous
path,” which regulates the
flow and helps keep the
emitter unclogged. This is not

pressure compensating.



Various In-Line Emitters; 2gph, 1gph, 1/2gph







ip Tubing

ine Dri

inch In-

1/4-



il
4

<

oyt




e

'.;‘\' ‘O.-’. :

‘3

2T
=
Lo

.
o
< ™
-

-




Chinese Medicinal Herb Farm






Most plants don’t
send many roots
into clay subsoil.
Main roots are only
as deep as the
topsoil. Even in deep
topsoil, most of a
tree’s roots are
found in the top
12-18 inches.
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Fig. 131. The root system of a 24-year-old walnut tree raised from seed in sandy soal occupied

an area of 199 m®. The diameter of the root system was 3.5 times that of the branch system.

The projection of the crown (drip-line) is marked by a dashed line. (The sides of the squares
are | m)
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0- 22 ¢m brownish grey send
22~ 70 cm grey sterile send with clayey spots

70- 90 cm grey sand with iron turnout

(I 90-105 cm grey sterile sand

V77774 105-150 ¢m black clayey silt

150-300 cm iron spotted silty sand with calkkium veins

Fig. 132. The great majority (91.75 per cent) of roots of a 24-year-old walnut tree raised from seed in sandy soil was located in the 20-80
cm s0il horizon. (The sides of the squares are | m)



Abb. 112: Stiel-Eiche, Quercus robur, H-T-S = §65-200-1.450 ¢m, Keutschach, Karnten, gegen das Moor auslaufende,
leicht nach Siiden gencigte Niederterrasse, 515 m NN, Hangmolinietum am Moorrand mit Traubenkirsche und vereinzelt
Stiel-Eiche. Grundfeuchte Braunerde, Bodenprofil Hor.: A, o-15 cm Rasenfilz, stark humoser, sandiger Lehm, kriimelig,
pH .8, stark durchwurzelt, A, 15-40 cm stark humoser s L, kriimelig, maBig dicht, schwach steinig, stark durchwurzels,
AB, 30-60 cm schwach humoser s L, mifig dich, steinig, stark durchwurzelt, B, 60-120 cm s L, miSlig dichr, schwach
steinig, nach unten zunchmend feuchter, Durchwurzelung abnehmend, B, . s L, miflig dicht, rostfleckig, Durchwurze-
lung auslaufend, Grundwasserstand zur Zeit der Freilegung bei 130 cm Tiefe.
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Abb. 52: Mammutbaum, Scqaoadendson grpanicwn, e dos Baunes of m, Soquoa - Natioralpark, Kabformen, Secho-
be 2.0 40 m. Kidorn Tansen- Wald mut Grupgen voo Mammuthioswn Beavraebung sufgrund vom Soudien as entwurad

ten Bhamen und voo dortigen Beschrabungen schematnch hnasgerochnet. Anatomisehe Bilder: 1.8 My
rabruns, Wien, 27 12, PIVHCL Links 1 Prim, 0, 16ax. Binde ARP & bis meheschachug, BP ZW s Verdachung

letten. ~ 2! Prion., @, 1621 Rinde inmeree Schachs P, En mut Sebennlamelle. 77 garch. ~ 3: 5ok, B, 6yx. PCAG by
Sechahig, 1" 7 Krosen asgeordnet, Rechis: = 45 Seh, ©, 195 PFOAD bis Sschichug, Bast T in bis xu § Krenen argooed-
pet. Hole, Serablen cinrethig, Z2 garch -~ 8¢ Auschre: aus ¢ thsx Bast F rekrasgulic, W overholrt, - 6: Assschain
aus 3. poan. Mok, Trachesden min Hotripdels und suliufenden Eade, im Krewruagsield Taplel unbebitn
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ADS, 30; Wald-Kiefer, Pavas sylovatris subsp. sploestras, H-T-8 » 1.373-190-1.340 cm, nahe Klageafurt, cben, 450 m NN,
Eichen Hainbochen-Wald mit veranzelten Kicfern. Lockensediment-Braunerde dber Niederterrasse, Bodengeofil Hor:
A, o-10 em stark humoser, kehmiger Sand, krimelig, locker, stark durchwarzelt, A, 1039 cm humoser IS, Riesg, Jocker,
ssark durchwerzelt, B, 1990 cm | S, stirker kicvig-schosterig, locker, mallig stark duschwurzels, B .C go-190 em 1 S, sehe
sseinig. locker. Durchwuraclung stark aboehmend, C Sand, Kies und Schoster, sehw bocker, Durchwurzelung susliufend,
ab 199 em Thefe schwach grundfcacks.
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WATER USE AT VARIOUS DEPTHS, IN PERCENTAGE PER FOOT
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Pear Tree
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SOIL BIOTA POPULATIONS AS A FUNCTION OF SOIL DEPTH
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This illustration shows how dramatic the difference is between the surface-loving soil life and
soil life just a bit deeper. Tillage disrupts this natural layering until the various “crittters™ have a
chance to repopulate the level of soil they prefer the most.
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PERCENTAGE OF ROOTS PER DEPTH
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WARNING !!

MATH AHEAD



Daily Water Use (In Gallons per Day)

BASED ON VARIOUS EVAPOTRANSPIRATION RATES

Square Feet ET Rate (in inches/month)

of Plant Cover b 2" 3" 4" s" 6" { b 8" 9" 10"
1 sq. ft. 0.0187 | 0.0374 | 0.062 | 0.083 | 0.104 | 0.125 | 0.145 | 0.166 | 0.187 | 0.208
4 sq. ft. 0.075 0.15 0.248 | 0332 0416 0.5 0.58 0.664 0.75 0.832
10 sq. ft. 0.187 | 0374 | 062 | 0.83 1.04 1.25 145 | 166 1.87 2.08
75 sq. ft. 1403 | 2805 | 465 | 6225 | 7.8 9.4 10.875| 1245 | 14.0 15.6
100 sq. ft. 1.87 | 3.74 6.2 8.3 10.4 12.5 145 | 16.6 18.7 20.8
200 sq. ft. 3.74 7.480 124 16.6 20.8 25.0 29.0 33.2 374 41.6
300 sq.ft. 561 | 11.22 18.6 249 322 | 375 435 | 498 56.1 62.4
1 acre 815 1629 2701 3615 4530 5445 6316 7231 8146 9060

solid cover




ET EFFICIENCY RATES




WUCOLS is the acronym for

Water Use Classifications of Landscape Species.

vyvvuvv T P RATWARAMWI T MaiWws

LA

REC
TYPE |BOTANICAL NAME COMMON NAME 1
Gc P |Achillea tomentosa woolly yarrow L |l
P Aconitum napellus garden monkshood M |l
P Acorus gramineus sweet flag H |
V Actinidia arguta kiwi/Tara M |l
V Actinidia deliciosa Kiwi H |l
S Adenanthos drummondii woolly bush ?

Very Low = <0.1, Low = .1-.3,

Moderate = .4-.6,

High = .7-.9



Irrigation Needs of Well-Established Landscape
Species Determined from Field Research

Potentilla tabernaemontani 0.5-0.75
Sedum acre 0.25
Cerastium tomentosum 0.25
Liquidambar styraciflua 0.20
Quercus ilex 0.20
Ficus microcarpa nitida 0.20
Gazania hybrida 0.25-0.50

Baccharis pilularis 0.20



Achillea millefolium Yarrow
Artemisia 'Powis Castle’ ‘Powis Castle’
Coreopsis auriculata Coreopsis
Erigeron karvinskianus  Mexican Daisy
Erysimum 'Bowles Mauve' ‘Bowles Mauve’
Euphorbia cyparissias Perennial Spurge
Helianthemum nummularium Sunrose
Osteospermum fruiticosum African Daisy
Phormium t. 'Atropurpureum’ Flax

Salvia greggii Autumn Sage
Sisyrinchium californicum Blue-eyed Grass

Very Low = <0.1, Low = .1-.3
Urban Tree Farm, Santa Rosa, CA
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|| Table 3

Crop Coefficients for Forage, Vegetables and Berries
Crop Keini Kemia | Keena Crop Keini  Kemia  Keena
alfalfa 04 1.2 1.15 onions 0.7 1.05 0.95
asparagus 0.3 0.95 0.3 pasture (grass) 0.4 1.0 0.85
beans, green 0.5 1.05 0.9 peas 0.5 1.15 1.1
beets 0.5 1.05 0.95 potato 0.5 1.15 0.75
blueberries 0.4 1.0 0.75 pumpkin 0.5 | 0.8
broccoli 0.7 1.05 0.95 radish 0.7 0.9 0.85
cabbage 0.7 1.05 0.95 raspberries 0.4 1.2 0.75
cabbage -local 0.7 1.05 0.95 small vegetables 0.70 1.05 0.95
carrots 0.7 1.05 0.95 spinach 0.7 1.05 0.95
cauliflower 0.7 1.05 0.95 strawberries 0.4 1.05 0.7
cranberries 0.4 0.9 0.50 squash 0.5 0.95 0.75
celery 0.7 1.05 0.95 sweet corn 0.3 1.15 04
cereal 0.3 L.15 0.25 sweet peppers 0.7 1.05 0.85
com 0.3 1.15 0.4 tomato 0.7 1.05 0.8
cucumber 0.6 | 0.75 tubers 0.5 1.05 0.95
green onions 0.7 1.05 0.95 watermelon 0.4 1 0.75
lettuce 0.7 1 0.95
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ET, =K xET,

Landscape Evapotranspiration =
Landscape Coefficient (K;) x Reference Evapotranspiration

Santa Rosa 0.03 0.06 0.09 0.14 0.18 0.21 0.21 0.19 0.15 0.10 0.05 0.03

(daily rate)
(inches) Jan Feb M Ap May J Jly Aug Sept Oct Nov Dec
(Daily ET in inches. Xs 31 = Monthly Rate.)




| 2 | 124]168] 3.10 |390|465]5.10|496 (465 |350[279]|180]1.24] 35.0

3 | 186|224|372|480|527|570|558 527 |420[341|240|186]| 463

1861224 | 341 (450|527 |570 (589|558 4560341 |240|186| 466

093|168 | 2.79 |420| 558 | 630|651 588 |450|310 | 150|093 | 439

V| 18612241341 14801 55816301651162014801372124011861 aa7

SO

Jan Feb M Apr May J Jly Aug Sept Oct Nov Dec Total




Daily Water Use (In Gallons per Day)

BASED ON VARIOUS EVAPOTRANSPIRATION RATES

Square Feet ET Rate (in inches/month)

of Plant Cover b 2" 3" 4" s" 6" { b 8" 9" 10"
1 sq. ft. 0.0187 | 0.0374 | 0.062 | 0.083 | 0.104 | 0.125 | 0.145 | 0.166 | 0.187 | 0.208
4 sq. ft. 0.075 0.15 0.248 | 0332 0416 0.5 0.58 0.664 0.75 0.832
10 sq. ft. 0.187 | 0374 | 062 | 0.83 1.04 1.25 145 | 166 1.87 2.08
75 sq. ft. 1403 | 2805 | 465 | 6225 | 7.8 9.4 10.875| 1245 | 14.0 15.6
100 sq. ft. 1.87 | 3.74 6.2 8.3 10.4 12.5 145 | 16.6 18.7 20.8
200 sq. ft. 3.74 7.480 124 16.6 20.8 25.0 29.0 33.2 374 41.6
300 sq.ft. 561 | 11.22 18.6 249 322 | 375 435 | 498 56.1 62.4
1 acre 815 1629 2701 3615 4530 5445 6316 7231 8146 9060

solid cover




Table 3 Crop Coefficients for Forage, Vegetables and Berries ||
CI‘OP Kcim Kc:nid chnd CI'OP Kcim’ Kcmid chnd
alfalfa 04 1.2 1.15 onions 0.7 1.05 0.95
asparagus 0.3 0.95 0.3 pasture (grass) 0.4 1.0 0.85
beans, green 0.5 1.05 0.9 peas 0.5 1.15 1.1
beets 0.5 1.05 0.95 potato 0.5 1.15 0.75
blueberries 0.4 1.0 0.75 pumpkin 0.5 | 0.8
broccoli 0.7 1.05 0.95 radish 0.7 0.9 0.85
cabbage 0.7 1.05 0.95 raspberries 0.4 1.2 0.75
cabbage -local 0.7 1.05 0.95 small vegetables 0.70 1.05 0.95
carrots 0.7 1.05 0.95 spinach 0.7 1.05 0.95
cauliflower 0.7 1.05 0.95 strawberries 0.4 1.05 0.7
cranberries 0.4 0.9 0.50 squash 0.5 0.95 0.75
celery 0.7 1.05 0.95 sweet cormn 0.3 1.15 04
cereal 0.3 .15 0.25 sweet peppers 0.7 1.05 0.85
com 0.3 1.15 0.4 tomato 0.7 1.05 0.8
cucumber 0.6 1 0.75 tubers 0.5 1.05 0.95
green onions 0.7 1.05 0.95 watermelon 0.4 1 0.75
lettuce 0.7 1 0.95

ET, =K:xET, Asparagus = 0.95 X 0.21 = 0.19 inches/day
0.19 x 31 = 5.89 inches/month (June/July) in Santa Rosa, CA



4 X 10’ = 40 sq. ft.

ET=6

10 sq.ft. =1.25 gallons
X 4 =5 gallons

40 ft. = 40 emitters

5 gal. + 40 - 1gph emitters
=.125 hours

60 X .125 = 7.5 minutes

With 1/2gph emitters — 15 minutes/day

(once/week =7 X 15 =105 min. = 1.75 hrs.)



Table 1. Average relative yields by crop and drip irrigation frequency for irrigation frequencies of two irrigations per day,
one irrigation per day, two irrigations per week, and one irrigation per week. Relative yields were calculated as the ratio
of the average crop yield of a given irrigation frequency to the yield of the irrigation frequency with the maximum yield
for that crop.

Relative yield
Irrigation Fall Spring 1st tomato 2nd tomato
frequency Onion* lettuce” lettuce” Pepper* crop” crop”
2 irnigations /d 094a 1.00 a 0.90a 0.88 ab 087 b 095a
I irrigation/d 1.00a 1.00 a 1.00 a 1.00 a 1.00a 098 a
2 irrigations /week 091 a 091 a 091a 091 a 0.90 ab 1.00 a
1 irmigation /week 0.77 b 0.77 a 091a 086b 0.88 ab 092a

CV (%) 9.62 16.13 12.78 10.38 10.20 9.16




Table 2. Average relative yields of the pepper grades. Relative yields were

calculated as the ratio of the average crop yield of a

given irrigation frequency

to the yield of the irrigation frequency with the maximum yield for that crop.
Grade ratings are extra large [50 to 60 peppers/30-1b (13.6-kg) box], large (60
to 70 peppers/box), medium (70 to 85 peppers/box), and culls (>85 peppers/

box).

Irrigation Relative yields of pepper grades
frequency Extra large” Large* Medium* Culls*
2 irrigations /d 0.66 a 0.88a 0.95 ab 0.81b
1 irrigation /d 1.00 a 1.00 a 1.00 a 0.85 ab
2 irrigations /week 0.79 a 0.94a 092 ab 1.00 a
1 irrigation /week 0.80a 0.94a 0.83Db 0.88 ab
cv (%) 35.03 21.61 11.17 14.58




irrigation Scheduling 1993

Rate ***
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Irrigation Scheduling 1994
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SUMMARY. The effect on crop yield of
drip-irrigation frequencies of two
irrigations per day (2/d), one

irrigation per day (1/d), two irrigations
per week (2/week), and one

irrigation per week (1/week) was
investigated for lettuce (Lactuca
sativa), pepper (Capsicum annuum),
and onion (Allium cepa) grown on
sandy loam and processing tomato
(Lycopersicon esculentum) grown on
silt loam during experiments conducted
during 1994 to 1997. All

treatments of a particular crop
received the same amount of irrigation
water per week. Results showed

that the 1/week frequency should be
avoided for the shallow rooted crops
in sandy soil. Irrigation frequency had
little effect on yield of tomato, a
relatively deep-rooted crop. These
results suggest that drip irrigation
frequencies of 1/d or 2/week are
appropriate in medium to fine texture
soils for the soil and climate of the
project site. There was no yield
benefit of multiple irrigations per day.



Plant fresh weight (g)

Effect of irrigation frequency on plant fresh weight in C.SDI
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Food

Gallons per Pound

Lettuce
Tomatoes
Carrots
Apples
Potatoes
Broccoli
Cantaloupe

Corn

23
30
33
49
60
65
80
168
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Barrel Size Height above the drip system 1/4” run
50 gallon 8" 10'
50 gallon 12" 10'

50 gallon 16" 14’
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GROUND LEVEL,

6" = 10" DEEP (TYPICAL)

AIRVENT IN YALVE BOX
AT HIGHEST POINT
IN LANDSCAFE
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o PVC DOUBLE HEADER WATER SUFPPLY SETUP

TO EQUALIZE WATER PRESSURE |N DRIPLINES

SWIVEL-STYLE ADAPTER
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I— l—PVC PIPE

2-FT. SPACING (TYPICAL)

AT EACH PVC
TEE-TO-DRIPLINE
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L pVC-TO-DRIPLINE
DRIPUNES WITH STA lenm EMITTER LOCATIONS ADAPTER
DOUBLE
ju = 1 I = > CHECK VALVE
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DETAIL (IN VALVE BOX):
REMOVABLE END CAP

FOR PERIODIC FLUSHOUT
e HOSE CAP
~—— PVC MALE ADAPTER
"~ PVC PIPE
-~ PYC TEE

(PmoTecy Fmom
FRIRZING )

THIS ASSEMBLY 1S INSIDE VALVE BOX

(SEE DETAIL) —

SCHEMATIC DRAWING:
NOT TO SCALE OR
NATURAL PERSPECTIVE

1/8" HARDWARE CLOTH
TO KEEP OUT GOPH{RS
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