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Soil and Tree Growth
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A L M O N D  B O A R D  O F  C A L I F O R N I A

What to Consider When 
Managing Roots?

Speakers: Astrid Volder
Department of Plant Sciences, UC Davis



Do roots matter when irrigating?

Yes – they are the entry point for both 
water and nutrients. If they are not there, 
extraction of water and nutrients cannot 
take place.



• “Fine roots are akin to belowground 
leaves. They are short lived but are 
responsible for extracting most water 
and nutrients. This presentation will 
describe the dynamics of fine root 
growth as affected by orchard 
management practices such as 
irrigation and pruning.“



Fine absorptive roots

3rd order

2nd order lateral

1st order lateral

Functional classification

1
2 3

4 5

Most are not white! Fine roots turn 
brown within weeks, and live a few 
months

0.5 mm, 0.02 
inch diameter

Tip (red) = 
youngest & most 
active



One week interval
- fine laterals appear and disappear
- higher order root turns brown

1234567 Roots are born white but turn brown as walls of 
external cells become suberized (a waxy 
substance) and much less water permeable.

Fine roots have to continually explore new soil 
volumes to extract nutrients. 

Most first order roots have a finite length growth 
and then die.

Exploratory (pioneer) roots have indefinite 
growth and give rise to new lateral roots. They 
function to explore new soil volumes and are part 
of the transportation infrastructure to move 
water and nutrients to the shoot



Water Uptake

Available water

Tree water 
status - growth

Yield

Transpiration (water loss)

Typical scheme

“Et based 
schedule”

“SWP based 
irrigation”

Water Uptake

Available water

Fine root growth 
and distribution
- Space
- Time

Yield

Transpiration

More complicated – THE CHALLENGE – water can 
affect the health and water uptake ability of your roots 
- how to ensure you have active roots in the right 
place for water uptake

Tree water 
status - growth

Roots?



Krymsk 86 Mariana

Rootstock differences in fine root architecture – Krymsk 86 has less mass allocated to the fine roots, but 1st order roots make 
make more length (surface area) per mass (they are finer). This leads to an equal proportion of length in its finest roots

Mariana 2624 fine roots are very closely clustered – while Krymsk 86 explores more soil volume. This affects water and nutrient 
uptake

Most mass in coarse roots, but most length & 
absorption in finest roots



Water and nutrient 
uptake is proportional 
to the number and 
age of root tips

Aquaporins (PIP) allow water to move freely across cell 
membranes. They are highly expressed in root tips 

Nitrogen uptake capacity decreases rapidly as a root tip ages in place (turns brown)



All year around with a peak in April - June

When are new roots produced?

April - June

April –June is when the amount and depth of root 
production can be most affected by irrigation and 
other management practices



• Accidental discoveries of >70 m (> 200 ft) deep roots in wells and 
>20 m (>60 ft) roots in caves show enormous plasticity in root 
response to environment

• Along a topographic gradient, root–water relation shifts 
systematically based upon temporal and spatial water 
availability

• Timing & distribution of water matter for root depth

How does water availability affect 
root depth distribution?



Roots “chase” deep water

As the soil profile is drying out as 
trees age, roots grow deeper(Loess = excessively drained)

Apple trees ”mined” top soil water and roots went 
progressively deeper through time

profile (mm)



Roots do not reach groundwater because either:
- Dry gap is too large / hard pan
- Topsoil remains too wet all year (frequent irrigation)

Water table (or, 
deep water) < 30 
feet

Capillar
y rise

Irrigation / 
precip 
reach

~300 ft

Dry gap



Generalizations from the literature

• In deficit irrigation studies: more water applied 
annually –> deeper and more extensive root system

• In flooding studies - keeping the top-soil close to 
field capacity –> smaller and more shallow root 
system

• It all depends on:
• Soil characteristics (drainage rate)

• Timing of water applications



• A gradual negative effect on root production 

when soil moisture is below optimal, but a 

sharp decline in root production when the soil 

gets too wet

• The “optimum” depends on soil characteristics 

and tolerance of your rootstock

• Balance between enough water to reduce soil 

friction, support evapotranspiration, and still 

having enough oxygen to support root 

respiration for nutrient uptake and root growth

Soil moisture
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Not enough water
- soil resistance to growth
- lack of water for cell extension

Optimal

Lack of oxygen to 
support root growth
 & function

http://plantsinaction.science.uq.edu.au/sites/plantsinaction.science.uq.edu.au/files/imagecache/figure-medium/Fig6.21_edit.png

Maintenance (10%)

Growth (25%)

Nutrient uptake (65%)

This is why anoxic conditions cause 
nutrient deficiency symptoms – but 
fertilizer is not the answer – getting 
oxygen to the roots (reduce water) is

http://plantsinaction.science.uq.edu.au/figure_view/227


Can you be too wet? – June 2017

Standing water was only 20” below the soil surface



Chandler on RX1 (4th leaf) – soil cores collected on June 29, 
2017. Standing water at 50 cm (20”) soil depth.

Trees located on higher 
ground (control)

Trees failing to push in 
the seepage zone

Root length density (km m
-3
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Standing water at ~50 cm – water 
moves up via capillary movement 
and lack of oxygen significantly 
reduces new root production in 
the top soil (except nearest the 
surface)

Walnut



Management of young trees is key

Cannot have fine root production 
in zones where coarse roots have 
not developed – so, young trees 
must be encouraged to develop 
deep roots early

As with canopy structure, 
characteristics of the structural 
coarse root system are set early in 
tree development



Red lines are headed and 
pruned at planting (Feb 2015)

2015

“Bump” in Fall root 
production mostly deeper 
than 60 cm, not very relevant 
for nutrition

Headed and pruned trees 
produced less roots 
overall, mostly in the 
deeper soil layers
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Bare root trees



• Fine roots (< 0.5 mm (<0.02 inch)) are most active in water and nutrient uptake

• They are produced throughout the year, with a large peak April – June

• During this period of high activity, fine roots are very sensitive to overwatering (low oxygen)

• Deep water uptake can substantially contribute to tree water uptake

• BUT

– Roots have to be there in the first place

– Practices that discourage deep root growth include 

▪ frequent shallow water applications 

▪ creating anoxic soil conditions in spring when most root growth occurs

▪ heavy pruning of young trees

Summary



T H A N K  Y O U
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When to Irrigate: 
Considering Soil & Tree 
Growth

Speakers: Curt Pierce (UC ANR)



Advancing the Continuum

Curt Pierce, Irrigation and Water Resources Advisor

Glenn, Tehama, Colusa, and Shasta Counties

December 11, 2024

Tools for Irrigating Almond Trees in 
2025



“Orchard management 
is as much about timing 
and moderation as it is 

about supply.”



Evapotranspiration (ET) Replacement using 
ET reports

• Uses reference ET and crop 
coefficients to estimate water 
need

•  Pros:

• Low-cost, straightforward

• Cons: 

• Not specific to individual 
tree status, data sources?

• Good for baseline scheduling

• No additional equipment needed





Application Rate (AR)

• No degree of irrigation 
management can be done 
without knowing application rate

• That application rate is unlikely 
to be what is documented on 
design reports

• Annual assessment of system 
performance – especially 
application rate is vital

Rated AR for this system design is 
3.64 to 4.4 in/hr

Credit: Tehama County Mobile Irrigation Lab



EXAMPLE:  90 trees per acre, solid set mini-sprinklers, one 
sprinkler every other tree, offset every other row so 45 sprinkler 
per acre.  Nozzle flow rate 1.2 gpm at 30 psi.

90 trees ÷ 2 (one sprinkler every other tree) x 1.2 gallons per 
sprinkler per minute x 60 minutes per hour =  3,240 gallons 
applied per hour per acre

     3,240 gallons ÷ 27,154 gallons =  0.12 inch per hour 

NOTE: 27,154 gallons of water = 1.0 acre-inch of water (enough to fill a one-acre pool to a 
depth of 1”)



Estimating Soil Moisture (SM) with Sensors

• Tensiometer or dielectric sensors 
report soil moisture % at depth

• Pros:

• Can be relatively inexpensive 
and easy to install, continuous 
data reports

• Cons:

• Issues can arise from improper 
installs and calibration. 
Location matters.

• Beneficial for “truthing” ET 
replacement, determining timing

Credit: Wildeye®



• Use of portable pressure chamber devices 
to determine tree water stress via SWP

• Pros:

• Highly accurate, direct 
measurements – “gold standard”

• Cons:

• Cost of labor and/or equipment, 
ease of use, time constraints, use 
of gas needed for operation 

• Helps estimate effectiveness of irrigation 
management programs

Determine Stem Water 
Potential (SWP)









• Use of in-situ microtensiometer devices to 
determine tree water stress

• Pros:

• Accurate, direct measurements, 
little to no labor, continuous data 
reporting

• Cons:

• Cost, maintenance, durability

• Helps estimate effectiveness and inform 
irrigation management programs

Monitoring Tree Water 
Status

Credit: FloraPulse











Timing and Moderation

Approximate canopy shading = 41 %



Example calculation of reduced ETc for young Almond orchard

0.96” x 0.67 = 0.64” 
No consideration of 
irrigation efficiency

1.2” x 0.67 = 0.8” 
Allowing for 80 % 

irrigation 
efficiency



Weekly tracking of irrigation water



Thank you

Curt Pierce, Irrigation and 
Water Resources Advisor 

Glenn, Tehama, Colusa, and 
Shasta Counties

calpierce@ucanr.edu
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Soil Structure 
Considerations for 
Irrigation Efficiency

Speakers: Mae Culumber (UCCE Fresno)



Irrigation systems are most efficient 
when the application rate matches 

infiltration and permeability of the soil
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Factors influencing permeability

• Soil pore size and volume

• Soil structure aggregates 

• Plant roots

• Soil cultivation practices

• Soil and water sodicity



• Texture is proportion of 
different sized clay, silt, and 
sand particles 

• cannot be changed, but 
different textured soils can 
be managed to improve soil 
structure  

Soil texture vs. structure



Soil texture influences pore size and volume

Low water 
holding 
potential

High water 
holding 
potential

Sand 0.05 – 2 mm Silt 0.002 – 0.05 mm Clay < 0.002 mm



Soil texture influences permeability
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Root zone

Irrigation System % wetted area

• Easy to over-irrigate (exceed infiltration rate or lose water to deep percolation) 
• Need to consider the % of wetted area influence by the system and soil type
 

clay
loam sand



Water applied = [(MAD ÷ 100) x Wa X ZE] ÷ EffA

Range of water holding capacity by texture



Saturation percentage %: the portion 

of soil pore space filled with water 

Sandy soils < 20 %

Sandy loam to loam 20-35%

Clay soil 35 - > 50%

Assessing soil texture by lab 
analyses

A
L

M
O

N
D

 
B

O
A

R
D

 
O

F
 

C
A

L
I

F
O

R
N

I
A

R O O T E D  T O G E T H E R :  T H E  A L M O N D  C O N F E R E N C E  2 0 2 4



Cation exchange capacity

 

Assessing soil texture by lab 
analyses
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Soil texture CEC meq/100 g

Loamy fine sand < 10

Sandy loam 10 - ̶̶ 12

loam 12 ̶ 15

Silt loam 15 ̶ 20

Clay loam 20 ̶ 30+

Organic 50 ̶ 100



Soil Structure 
types
• S i n g l e  g r a i n
• G r a n u l a r
• B l o c k y
• C o l u m n a r
• P l a t y
• P r i s m a t i c

Good permeability

Moderate permeability

Low permeability



Components of an aggregated structured soil 
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Fungal hyphae

Water films & water 
filled pores 

air

Plant roots

Meso & micro 
fauna

Micropores

Macropores

Clay 
particles

Silt particles

Sand particles

Organic matter



Frequent soil cultivation and 

wheel traffic creates soil 

crusts, surface compaction, 

and plow pans that will 

restrict root growth and slow 

water movement through the 

profile



Structure influences permeability
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Structured Compacted 



Compaction increases the proportion of solid 
material to water and air-filled pore space

Structured

Organic matter
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Compacted

Air

Water

Organic matter

Soil Minerals 
Soil Minerals Air

Water



Granular Structure

Sodicity and soil structure
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Na+

Na+

Na+

Ca2+

Mg2+

Na+ Ca2+

Ca2+

Mg2+

C ru s t i ng  Po o r  S t r uc t u re



Soil amendments for 
salinity management 

– Provide a source of calcium to replace 
sodium and remove it from the rootzone

– Calcium also aggregates soil and 
improves structure

– Acids neutralize soil lime, reduce pH, and 
improve nutrition

– Important to use soil and water analyses 
to determine the correct type and rate of 
materials 



• protect the soil surface from 

rain droplets, reduce crust 

formation

• enhance microbial activity that 

aggregates soil

• improves infiltration

• enhance the effectiveness of 

other amendments

Cover crops, mulches and 
other organic matter inputs:



Wood mulch reduces bulk density

Thao et al. 2024

Bulk density is an indicator of soil compaction represented by the dry weight of soil to its volume



Wood mulch improves infiltration and reduces 
berm runoff
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SOM levels significantly higher in 7 orchards after 

orchard recycling at 35 to 85 dry weight tons/ac

Orchard recycling increases soil 
organic matter and soil moisture

Soil moisture content 

significantly higher in 

the top 6“  and down 

to 48”  



Almond standing root length density 53% greater in the top 20 

cm (8 inches) after WOR compared to controls with no wood 

chips

Orchard recycling increases root 
length density

You et al. 2024 (in press)



• Soil texture is determined by the composition of minerals and cannot be 

changed, but the structure of different soil types can be managed to improve 

the flow of water and air through soil

• Reducing cultivation passes, protecting the soil surface and increasing SOM 

with cover crops and mulches are the best tools for improving soil structure, 

increasing infiltration and water penetration, enhancing tree root growth, and 

promoting irrigation efficiency

Summary
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Coming soon!
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 SOIL 

MANAGEMENT 
A PRACTICAL RESOURCE FOR ALMOND GROWERS
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Q&A
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