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Climate

Sun « Rain » Wind + Humidity - Temperature &

Irrigation EEGSe v Data
Efficient water delivery 3 ) - / /

Real-time monitoring
right to the root zone

insights & decisions

Crop

FIELD OVERVIEW WEATHER
Healthy growth

maximum yield § [ [ 2 . 28°C
O 65%
=  18kmh

® 24mm

SOIL MOISTURE TEMPERATURE CROP HEALTH

K" 28% & 26.3°C J Excellent l
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FIELD DASHBOARD

WATER USAGE

18.7 oy
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Profit incley

YIELD POTENTIAL

RECOMMENDATION s
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Microbiology + pH -
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IRRIGATION DECISIONS POWERED BY DATA
g

System type * Rainfall * Soil type e Crop type e Sensors & loT
* Flow & pressure * Temperature * Soil moisture * Growth stage » Field observations
» Application uniformity » Humidity * Infiltration rate » Root development » Historical data
« Irrigation history * Wind speed » Water holding capacity * Crop coefficient (K¢) * Analytics & models

Solar radiation (ET,) Root zone depth Yield potential

Real-time insights

4 €z Bodem&Groen i#3

1 healthy soil « strong roots « sustainable growth
- B
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CLIMATE
E 1l t
- remperature
Average temperature per month (°C) . 1.~ Warmest summer months “ D .
', ﬂ Highest temperatures occur | g — __l
b . | —
in July and August. S =
Temperature (°C) £ = 4
30 [ o x o
5 : 26 26
- Average maximum temperature 23°
—— Average minimum temperature
20
10 |
o -1° -1°
-2
0 —o— ¥ -5° -4° B
° -10° -9°
-11
-10 '
\ * ~ Coldest winter months
-20 | ﬁ Lowest temperatures occur
in January and February.
-30
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year average . ‘ . Warmest period * Coldest period
lll ~ 9 °C [y July - August January - February

Values are monthly averages with estimated variation. Source: based on reference climate data.
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CLIMATE
8, Precipitation
Average precipitation per month (mm) ‘ : " '
/ - /
Wetter summer months a
Most precipitation falls in June and July.
Precipitation (mm)
200 )
150
100
50
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest winter months Annual average ' Most precipitation | Y
Less precipitation in Jan, Feb and Oct. O

\ 6
= 59 June—July T
~ mm | (105-110 mm) ‘

6 Values are averages with estimated variation/error bars. Source: based on reference data.
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CLIMATE
=’ Wind
meteoblue
’ = S y 4
Average wind speed per month (km/h) )
“,/—;) ’
S e
Wind speed (km/h)
30
25
20
10
5
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-2 Strongest winds in winter 59 Lightest winds in summer | = Year average
- Dec — Mar: Higher average wind speeds. —) Jun — Aug: Lower average wind speeds. —o | ~ 1 6 km/h

Shaded area shows typical variation (e.g., between lower and upper percentiles). Source: Based on reference data.
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HasuanbHi moayni DUALOG Irrigation of vegetables

Bed / row spacing

Lateral per bed | Emitter spacing (m) | Emitter rate (L/h) Notes

S == | s 6 E
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Shallow-rooted;
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ouen 12 perhg, 2 0.20-0.30 1.0-2.0 .
) (twin row) 2 rows closer spacing |
|
Onion 1.4 m bed, Pressure-compensating |
é (4-row) 4 rows 2 0.20 1.0 emitters recommended |
1.4 m bed, o Lateral mid-bed;
% Carrot ot 1 (centre) 0.30 1.6-2.0 SOliat 15emcommons |
L™ Red beet 1.4.m bed, 1 (centre) 0.30 16-20 Same layout |
twin rows as carrot |
| e
) White Lateral alongside
2 cabbage 0.6 x0.5m 1 per row 0.50 2.0 S
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E To = REFERENCE EVAPOTRANSPIRATION

® How much water is lost from a well-watered reference crop and soil surface ® ——

ETo = ATMOSPHERIC WATER DEMAND

How strongly the weather pulls water
from the crop system.

humid air lowers it.

Evaporation |9 a0 b / s 'fél Transplratlon : B4 4
7% from the soil b / o Tl e \(lY from crop Ieaves Y| X\,
{ > = % .'; " ’., i;, ‘\l x“l.\ ~ ) - " - \“ ‘
MAIN WEATHER FACTORS AFFECTING ETo -£ ' ] i
TEMPERATURE SOLAR RADIATION WIND SPEED HUMIDITY
Warmer weather More sunlight Wind removes i - Dry air increases ETo;
increases ETo. increases water loss. moist air and id ai i

increases ETo.

Vi
\.

About 4 liters of water
per square meter per day.

6 TYPICAL UNIT ‘

‘ ' ETo is usually expressed in
;
by Bodem&Groen

f i T e
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CLIMATE
ETo from daily air temperature, humidity, wind speed, and solar radiation.

Réference standard (" simplified fallback
Measured weather data Temperature data only
* Ajr temperature * Min & max temperature
* Ajr humidity

* Extraterrestrial radiation
Wind speed Ra — from latitude & day

Solar radiation No extra sensors needed

- -

9¢ce Aa W& Of AYI S FAO-56 Penman-Monteith

Hargreaves equation

"demand" side of the irrigation . Combination energy balance . . Temperature-based estimate
equation, and how you calculate | |

it depends on what your ET, (mm)/day) ET, (mm/day)
Weather station aCtua"y . Mast accurate | . Workable approximation |
measures. ' ' ' '

Both estimate the same reference ET,

PeanizoBaHo: GFAIAv rlrlr OnepauiiHi napTHepu YKpaiHa:
G GRO
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CLIMATE

ETo from daily air temperature, humidity, wind speed, and solar radiation.

FAQ-56 Penman-Monteith Hargreaves
ETe = [0.408-A-R, + ETe = 8.8023" (Tpean+17.8) v (Tpax-Tmin) - Ra
v (908/(T+273) ) -uz-(eg-e;)] / [& +
ve (148,34 uz) ] Tmean +17.8 39.3
4 (vapour-pressure slope) 0.157 kPa/°C R ( tion)
as evaporation 16.4 d

v (psychrometric) 0.065 kPa/°C 4 P mm/
R, (net radiation) 14.7 MJ/m?/d 0.0023 x 39.3 x 3.61 x 16.4 _—
e; - e, (vapour deficit) 1.21kPa

ET, 5.4 mm/day
ET, 5.3 mm/day

penman-onteien (N 53 mmjd
e O gt

Scale 0-6 mm/day - difference = 0.1 mm/day (-2%) on this calm, moderately humid day
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SOIL

Soll water holding capacity

Loam Silt loam
4
Sandy loam

Sand « % SAND

T . USDA texture classes
Soil Moisture & Irrigation

SAND SILT CLAY
® [ 3
o NRCIM
8% ”
sie oo Ry
. -’ '. ’. M
“« Yol1 ol

0.05-2 - drains fast 0.002-0.05 mm - holds water <0.002 mm - holds tight

w Particle size decides pore sizeand pore size decides how water
moves and is held.
w{lFyRY fIFNBS L2NBa h RN}XAya Fladzs t2¢
w/ treyYy GAye LBR2NBa h K2fRa (AIKGEex af
roots.
w Loam / silt loam: the balance large usable reservoir.

PeanisoBaHo: GFA,AV r.rl}
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SOIL

Texture sets the rules

SILT CLAY
e® o

A L 2

0.05-2 m - drains fast  0.002-0.05 mm - holds water <0.002 mm - holds tight

‘. Loam  Silt loam w Particle size decides pore sizeand pore size decides how water
el NI moves and is held.
’ w{lFyRY fFNBS L2NBa h RN}XAya FlLadz 2¢
USDA texture classes w/ tlleY UAYye LIEZ2NHBa b K2fRa UtUAIKUfteZX af
from roots.

w Loam / silt loam: the balance large usable reservoir.

Soil Moisture & Irrigation

OnepauiiHi napTHepu YKpaiHa:
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SOIL
How soll holds 2 and releases ? water
( Plant -available water \
SATURATED  FIELD CAPACITY WILTING POINT ' “O0FASER OFLIOAGEL b ‘o

w Above field capacity, gravity drains water away
within a day or two.

w Below wilting point, water is held so tightly roots
cannot extract it.

w The band between is the reservoir you manage
with irrigation.

pF O - all pores full pF 2.0 - gravity drained pF 4.2 - roots can't pull

From saturated, to drained (field capacity), to wilting

Soil Moisture & Irrigation
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SOIL

Available water differs by soil type

[ Held below wilting point (unavailable) o Silt & loam win
I Plant-available water (AWC)

N
o

14% w Largest plantawvailable reservoir per
metre of soil.

w
o
1

® Sand = small store

N
o
!

w Little & often: small doses, short
intervals, watch leaching.

Volumetric water at field capacity (%)
|—I
o

@ Clay can mislead

o

Sand Sandy Loam Silt Clay Clay _ )
loam loam loam w High total water, but much is locked

below wilting point.

Soil Moisture & Irrigation

PeanizoBaHo: GFAIAV rlrl}
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SOIL

How fast water enters the soill

° ] e o_0o 0
e Sand (basic = 30 mm/h) gANd CLAY,
. 1

== | 0am (basic = 12 mm/h) Y

= 40 A = Clay (basic = 3 mm/h) runoff

£

E 30 1

(V]

]

2

g 20 _\

S

(1]

=

€ 10-

= \ fast, deep infiltration slow — ponds & runs off

O T T T T T 1
0 20 40 60 80 100 120

Match rate to intake. If you apply faster
than the soil absorbs, water ponds and
Soil Moisture & Irrigation runs offt the clay trap. Keep application
rate at or below the basic infiltration rate.

Time since water applied (min)

PeanizoBaHo: cGSI:AGGIAV rlrl}
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Irrigation of vegetables
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[he pF Curve
- - - - - 7
Soil & substrate water retention and irrigation
s A 6 10 cm
~ N s ~ UNAVAILABLE =
.D & E I I g g C s E WATER (hygroscopic) g
. . . ©
the suctiont in cm water columrt a root must beat > v
to pull water out of the pores < &
P R e 15000 cm =
. J o 4 £
=] 2
I - | PLANT-AVAIL r=)
) FIELD CAPACITH 2.0 - 100 cm - ~10 kPa L3 LWATER NN Hoovem
After gravity drainage the wettest useful state - §
2 ) 100cm V¥
Y
WILTING POINPF 4.2 - 15000 cm - 15 bar s
' 1] GRAVITATIONAL 10 em
Roots can no longer extract water plant wilts WATER (drains)
, . ¢ , 0 . T T T - 1cm
. PLANJAVAILABLE WATERG6 C/ 0 b otz2to 0 10 20 30 10 50
The reservoir you actually irrigate to refill Volumetric water content 6 (%)
The pF Curve- soil & substrate water retention The characteristic curve: water content falls as suction (pF) rises
; . . OnepauiiHi napTHepu YkpaiHa:
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Irrigation of vegetables

SOIL

Sand Sandy loam Loam Clay Peat [ substrate
I I le p I C u rve wytjr;:(?pgi_ng(_pff_zz____________________________________________f"_“f“i“_"f‘f"_’_
s
Soil & substrate water retention and irrigation Drought stress
< < . < ':?i Readily available
b & E | | CCGC S E %  mweswena >
the suctiont in cm water columm a root must - i
1 Too wet
Py FIELD CAPACITpF 2.0 - 100 cm - ~10 kPa
After gravity drainage the wettest useful state 0 e . - . - |
0 10 20 30 40 50 &0 70 80 20
Volumetric water content 8 (vol %)
Py WILTING POINTpF 4.2 - 15000 cm - 15 bar Wet
Roots can no longer extract water plant wilts S S T e
6vol% pF 4.60 0=
@ PLANTAVAILABLEWATERG6C/ 0 b ‘6t2t 0 o
The reservoir you actually irrigate to refill
The pF Curve- soil & substrate water retention
; . . OnepauiiHi napTHepu YkpaiHa:
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SOIL

Putting the pF curve to work In irrigation

51 Read it in the field
Wilting poknt pF 4.2 — never reach here A tensiometer measures suction directly
0 N T the live pF of the rootzone.

Trigger irrigation at a set tension; the
curve converts it to a water deficit.

Re\jll point — START irrigation
pF - ~30 kPa tension

3 .
L
o
2 Typical startirrigation thresholds
Target after irrigation System / crop Refill at
1 = Field capacity (pF 2.0 - ~10 kPa)
Sandy field soil pF 2.3 - ~20 kPa
0 Loam / clay loam pF 2.52.7 - 3@50 kPa
0 10 Watefgontent e (o/“:’? 40 Blueberry in coco substrate pF 1.22.0 - 510 kPa
Irrigate within a band: refill before stress, target field capacity Rose / pot crop (substrate) pF 1.82.1 - €12 kPa

The pF Curve: soil & substrate water retention

PeanizoBaHo: GFAIAv rlrlr Slldelg OnepauiiHi napTHepu YKpaiHa:
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SOIL

How roots draw on the reservolr

Roots draw most water fro

Soil Moisture & Irrigation

he upper zone

40%

30%

20%

10%

The 40-30-20-10 rule

Top Ya 40%

2nd Ya 30%

3rd VYa 20%

w Most water comes from the upper
root zone.

w Rooting depthx available water =
the usable store.

w Deeper roots = larger buffer
between irrigations.

w Keep the active zone in the easy
ranget don't push to wilting.

PeanizoBaHo: GFA,AV rlrl}

Implementiert von: Commabomign dooMLEN ADT Project Consulting
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Bottom Va . 10%
0O 10 20 30 40
Share of water roots extract
Slide20
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SOIL

How roots draw on the reservolr

ROOT DEPTH AND GROWTH OF VEGETABLES

F o

RED BEET WHITE CABBAGE

\ "
. N /‘s‘ B

Yy b 8

2 | _
d :

- 3 . o —
SO DEPTH T \\Q "/’ et
ferm)
0 =
ROOT ZONE GUIDE
15 em {Fer all crops)
Mais sctive Main active D-15 cm
S0~ root zone root zone ; Seedbed, early roots,
0-30 cn 0-30cm Mak active starter nutrients
$ reot zone .
45 em : 0—45/60 cm 15-30 cm
. Main feeding zone
: for onion and best
60 cm y
Sometimes i 30-45cm
roots can reach o Cam reach 4 = Impectant for
75 cm 45-80cmim - -~ oo - - 90-120 c= i Tupront St cabhage and
. reach 100 cms
goed soil in deap, » v ¥ loaas carrot stabibity
loose soil in goed soil dmp-mi‘l
S0 cm 45-60 cm
Important reserve
zone for carrot,
105cm best and cabbage
120 cn

omMIONMN

G5 Shalow fibrous rosts

ws Mostroots intop 20 o

¢ Needs frequent ight
imigation and nutrancs
rear the =urfzoe

RED BEET
Swollen storage roct
with cecp taproct
Effective rooT 20ne
C-30cm
Can reach 90120 cm
in good =il
Eesp moisiure evean
for smoath roats

CARROT
Desp tsproot crop
Be=2 root zone 0-45/60 cm
Can resch WO cm-
inkose sol
Loose, stome-fres sal
for straight rocts

WHITE CABBAGE
FHoccus, medum-desp
o0l SyEnesm
J+ Active rootsin0-45cm
4+ Canreach 60-100+cm
F Needs consistenmt
moEtue duing P ad I
formabon

Keep moisture
aven

o0 Compaction

A
f Good saoil structure,

\i? GOOD PRACTICES: « loosensoll30-E0cmdesp  « Remowe stonas and hard lagers o Use compast, not fresh manume « Water regularty

Figurel - Root depth and growth of vegetables

PeanizosaHo:
Implementiert von:
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HOW TILLAGE OPERATIONS CREATE COMPACTION PANS

@ Restricted root growth
Reduced water
infikration

SOIL DEPTH
l (B Poor drainage end
0 - waterhggng
Surfaca campaction
et o Lamer a2ration
10 Tillage pan {010 cm) . -
20 — 3 { Reduced sutriest
: ' uptzke
30 : @ Yield loss
Subsol compaction 4 )
20 [3)-&S5em) .
— ;
WHATIS A
- COMPACTION PAN?
A dense. o porasity
Repexied plowing Sirering and Fine seecbeds can Heany 3ais loads asd soi| byer farmed by
60 — at the same dagthcan reposted shalow 1o bide & campaciad lapar repesiad oysaes repased $H333 o badfic

e a derse lager < coempact sof st
Serwath the Sunow dice. Dedow the worked layer.

girectly undarthe compress both vpsol
likad 222, ard sabszi.

aressure that estricty
oats, A and vaner
TR

GOOD PRACTICES

@ D Y 1484 @ SE T
Vary

Avod tillage Reduce Use controlled Build organic matter Subsoil only
when soi is wet traffic passes traffic nes tillage depth and cover orops when needed

- &
| RV P T { i
benniomano: GFAIAv P . OnepauinHi napTHepu YKpaiHa: il : lﬂw
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# WATER UPTAKE WITH

SOIL

Water holding capacity
and organic matter

Water Uptake with +1% Organic Matter
Result per soil type (@80 cm, per hectare)
Typical bulk densities; your plot may vary slightly.

Extra water with +1%

+1% ORGANIC MATTER

Result per soil type (0-30 cm, per hectare)
(typical bulk densities; your field may vary)

O16t/m3  (240000L/ha (LIRS
0225000L/ha [EZICEEY
CPAIVEEN 21,0 mm |
> '()195,000 L/ha. m
1607t/m3 @105000L/ha (10,5 mm |

eat / organic (low BD) () 105,000 L/ha m %

- organic
& (low BD)

T AT,

O 1,5t/m3
() 1,4 t/m3
16) 1 ,3t/m3

Soil type Bulk density (t/m3) OM Converted
Sand, light 1.6 t/m3 240,000 L/ha 24.0 mm
Sandy loam 1.5t/m3 225,000 L/ha 22.5 mm
Loam 1.4 t/m3 210,000 L/ha 21.0 mm
Clay 1.3 t/m3 195,000 L/ha 19.5 mm
Peat / organic, high 0.7 t/m? 105,000 L/ha 10.5 mm
bulk density
PeanizogaHo: gﬁﬁ!ﬁ! rl P Slldez3
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22 IMPORTANCE OF %=

IRRIGATION

-8 Water Today, Prosperity Tomorrow @ ———

Healthy Crops
Higher Yield

Poor Growth
Low Yield

v

WATER
NOURISHES
CROPS,
IRRIGATION
SUSTAINS

ENSURES INCREASES PROTECTS
CROP GROWTH YIELD

IMPROVES
DURING DROUGHT

i SOIL MOISTURE |
VM i i :

aintains adequate
soil moisture, |
improves soil health
and supports
microbial activity.

Provides the right
amount of water at
the right time for
healthy and steady
crop growth.

Proper irrigation
leads to better
plant development
and higher :
productivity.

&

Helps crops survive

dry spells and reduces
losses during
unpredictable

weather conditions.

=

SAVE WATER
GROW FUTURE

Every drop counts.
Irrigate wisely,

Smart Irrigation
Harvest abundantly.

Sustainable Agriculture
Better Tomorrow

GFA /Ay

CONSULTING GROUP ‘A l . I+
Generalbeauttragte des BMLEH ADT Project Consulting
Biiro Berlin

SUPPORTS
FOOD SECURITY

Reliable irrigation
ensures stable food
production and
builds a stronger,
food-secure future.

Water for today.
Food for tomorrow.
Future for all.

by Bodem&Groen

Slide24
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IRRIGATION

Importance of irrigation

WHY IRRIGATION MATTERS

Supports steady Improves yield Reduces Increases
crop growth and quality drought stress water-use efficiency

by Bodem&Groen -
L —_—— = — = S - My
Implementiert von: e o e A SlldeZo Operative Partner Ukraine: W :;.fp "2

Biiro Berlin
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IRRIGATION

Importance of irrigation

Apple orchards Cabbage

by Bodem&Groen

. — = R — — = — — R —————— — —

PeanizoBaHo: GFAIAv rl P OnepauiiHi napTHepu YKpaiHa:

Implementiert von: e ot ADT Project Consulting S||d626 Operative Partner Ukraine:
Biiro Berlin
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IRRIGATION

Importance of irrigation

Drip

Soil texture and rooting depth

@ Crop value and spacing

@ precise, water-efficient, useful in good for crop low<cast opbion'on
ideal for apple orchards apple orchards, establishment and ;
and vegetables larger wetted area cooling in vegetables SaEC el ks Topography and field layout

\i: P,

BEST PRACTICES

Energy supply and filtration

‘ | | ¢ ;
B9 O Yo |
4 ) Maintain filters . Use fertigation
Match the system Irrigate according and flush lines Monitor pressure carefully and
to crop and soil to crop demand regularly and uniformity efficiently
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IRRIGATION

When and how much to irrigate

WHEN
—————————————— Field €apa€ity- - - ‘

[
o
o

w At the refill pointt the Management
Allowed Depletion (often ~50% of
available water).

o
o
1

Soil water (% of available)

60 1
—————————————— Refill-peint HMAD)
~No pe @ HOW MUCH
40- irrigation _
refills w Enough to refill the root zone back to
20 - field capacity.
O e Wilting point__
0 10 20 30 40 50 @ NET DEPTH
Days i . L
wfF | g At xBADSroa deptts NJ
adjusted for system efficiency.
Soil Moisture & Irrigation
e GEAMY - vl Slide28 e ratvs s ot

Implementiert von: Gonerabeautragie des BMLEH ADT Project Consuting
Bro Berlin
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Transpiration

EVAPORATION TRANSPIRATION Sunlight

Plant water uptake

5 + (® Unused water

® evaporates from
the leaf surface

@) The stem draws
the water up

2
® . ®
o~ e » o () Roots absorb
® o ' ° water from
o * - the soil

: ~t
PeanizosaHo: GFAIAV IP . B e T sttt " Y S
Implementiert von: e e 5"!}eccnnsultmg S|Id€29 Operative Partner Ukraine: W W
Biro Berlin
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IRRIGATION

Sprinkler Overhead

PeanizoBaHo: GFAIAV ('l('"' OnepauiiHi napTHepu YKpaiHa:

Implementiert von: ~ SONSULTING GROLE ADT Project Cansulting S||de30 Operative Partner Ukraine:
gglsr;h:amngls des BMLEH
dro Berlin
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DUALOG

HasuyanbHi moayni DUALOG
IRRIGATION

Sprinkler irrigation

Irrigation of vegetables

MOAY/1b elslex

SPRINKLER

Wets a broad area like rainfall, from overhead nozzles under
pressure.

@ Strengths

w Even coverage over whole field
w Good for closehgpaced crops
w Can cool / frosprotect

@ Watchouts

w Wind & evaporation losses
Wets a broad area like rainfall — even coverage, some loss to wind & evaporation

w2Sid F2ftAF3S ™ RAASIE &S
w Keep rate below clay's intake
Soil Moisture & Irrigation

PeanizoBaHo: GFAIAV rlrl}

Implementiert von: O o

& x s desBMLEH ADT Praject Consulting
Biro Berlin
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oct  HasuanbHi moayni DUALOG Irrigation of vegetables

MO,EI,W'Ib
IRRIGATION
Drip Irrigation

DRIP

SAND LOAM

CLAY

deep & narrow balanced bulb wide & shallow

Wetting bulb shape depends on soil type
Water delivered drop-by-drop to the root zone — wetted bulbs, minimal loss

w{lFYRY RSSLE yINNRg o0dzZ 6 I aLI OS S

w/ flreyY ¢gARSY aKltft2¢ odZ o6 M SYAGGS

Best for high-value, row & substrate crops, saline water and uneven @t AY LIZAYyld RSt AGSNE TIb-réws FekssligeaseST T A O
terrain. Soil Moisture & Irrigation

PeanisoBaHo: GFAGIﬁpV r.rl}

Implementiert von: e on

Generalbeauttragte des BMLEH
Biro Berlin

) OnepauiiHi napTHepu YKpaiHa:
Slide32
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Irrigation of vegetables

IRRIGATION

Surface Drip

Surfacedrip lines are placedon the soll surfaceor suspendedlO to 30 cm aboveit alongeach
plant row. Two configurationsare common a single lateral per row, sometimeswith two
emitters per plant, or a double lateral arrangement(one on each side of the trunk) used

principallyin younghigh-densityplantings

Surfacedrip systemsare inexpensiveto install (typically 2,500 to 4,000 USD/hafor materialsin
2023 Ukrainian conditions), simple to inspect and maintain, and easy to retrofit. The
disadvantagesare exposureof lateralsto mechanicaldamage(from cultivation, mowing, and
wildlife T particularly hares in winter), exposureto UV degradation (rated working lives of
modernsurfacedrip linesare 7 to 12 years),and concentrationof root systemsnearthe surface,

whichcanincreasefrost susceptibility

Slide33



