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 System Sprinkler types 

Travelling 
systems 

Rotary boom medium pressure 

Fixed boom 

low pressure spray jets 

impact sprinklers 

multiple guns 

mini sprinklers 

Centre Pivot 

low pressure pivot sprays &spinners 

rotating type pivot sprinklers 

impact sprinklers 

Linear move 

low pressure pivot sprays & spinners 

rotating type pivot sprinklers 

impact sprinklers 

Hard hose gun 
high pressure gun 

low-medium pressure boom 

Travelling gun high pressure gun 

Manual move 
systems 

Hand shift / end tow 

N/A 
Side roll 

Long lateral & variants 

K-line & variants 

Fixed systems Solid set 
small rotating sprinklers 

medium pressure impact sprinklers 
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Measure soil 
moisture 

Scheduling 
service 

Water 
budget 

Inspect soil 
conditions 

Inspect 
crops 

Weather 
forecast 

Watch 
neighbours 

Other 

23.7% 10.7% 4.9% 68% 41.5% 25.2% 5.2% 
13.4
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 Irrigation Method Application Depth Range Application Rate 

Surface 
Border Dyke 80 - 200 mm N/A 

Contour flooding 50mm or higher N/A 

Spray 

Hand shift, skid pans, end 
tow or angle tow 

5 - 100 mm 7.5 - 15 mm/hr 

Sideroll / power roll 5 - 100 mm 7.5 - 15 mm/hr 

Hard hose reel and gun 10 - 100 mm 10 - 20 mm/hr 

Soft hose travelling gun 10 - 100 mm 15 - 20 mm/hr 

Fixed boom, soft hose 10 - 100 mm 20 - 50 mm/hr 

Rotary boom, soft hose 30 - 70 mm 15 - 25 mm/hr 

Linear move 10 - 100 mm 25 - 40 mm/hr 

Fixed centre pivot 5 - 100 mm 15 - 75 mm/hr 

Towable centre pivot 5 - 100 mm 15 - 50 mm/hr 

K-line, small impact 
sprinklers 

50 - 80 mm 3 - 8 mm/hr 

Long lateral, impact 
sprinklers 

35 mm or higher 15 - 25 mm/hr 

Micro 

Micro sprinklers 
not given (wide range 

possible) 
15 - 50 mm/hr 

Drip / Tape systems 
not given (wide range 

possible) 
0.5 - 4 litres/hr 

Subsurface drip 
not given (wide range 

possible) 
0.5 - 4 litres/hr 
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𝐶𝑈𝑐 = 100 (1 −
∑ |𝑥𝑖− 𝜇|𝑛

𝑖=1

∑ 𝑥𝑖
𝑛
𝑖=1

)  

𝑥𝑖
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Range (no.) Average or single measurement

VRI (uniform mode) Centre Pivot - 93

VRI (uniform mode) Linear Move 73 - 94 (23) * 84

67 - 90 (4) 79 NZ Edkins (2006)

- 88 International Ascough & Kiker (2002)

85 - 85 (2) 85

57 - 67 (4) 62

- 96 NZ John et. al (1985) in Edkins (2006) and McIndoe (2002)

84 - 84 (2) 84 NZ Edkins (2006)

- 92

75 - 82 (unknown) 80

84 - 88 (2) 86

75 - 84 (3) 80

- 75

19 - 82 (unknown) 70

55 - 60 (3) 58 NZ Rout (2003)

36 - 60  (3) 49 NZ Edkins (2006)

50-63 (2) 57

- 55

- 70.8 International Ascough & Kiker (2002)

Generic Spray 53 - 98 (12) 78 International Li & Kawano (1996)

Generic surface 37 - 67 (9) 50 International Letey (1985)

Micro Drippers 34 - 86 (4) 67 NZ Edkins (2006)

NZ

NZ

NZ

CUc (%)
Irrigation system

John et. al (1985) in Edkins (2006) and McIndoe (2002)

NZ / International

International

NZ

NZ

Source

Generic

Rout (2003)

Fixed sprinkler

Travelling Guns

Travelling Irrigators

Centre-pivot

Rotary boom 

John et. al (1985) in Edkins (2006) and McIndoe (2002)

Linear boom

Edkins (2006)

Rout (2003)Fixed / Manual move

Long Lateral

Dukes & Perry (2006)

K-line

Low Pressure boom / fixed boom
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  
1

𝑁
∑ |𝑥𝑖 − �̅�|𝑁

𝑖=1

𝑥
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  µ(1 − 𝐶𝑈𝑐/100) 

𝜎 =  
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

√2 𝜋⁄
 

 

  

𝑃(𝑥) =  
1

𝜎√2𝜋
𝑒

− 
(𝑥−𝜇)2

2𝜎2⁄
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Source of loss Range Typical 

Losses from open races 0 - 30% 10% 

Leaking pipes 0-10% <1% 

Evaporation in air 0-10% <3% 

Blown away by wind 0-20% <5% 

Watering non-target areas 0-5% <2% 

Interception by plants 0-3% <2% 

Surface runoff 0-10% <5% 

Non-uniform application 5-30% 15% 

Excessive application depth 0-50% 10% 
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𝐼𝐸 =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙𝑙𝑦 𝑢𝑠𝑒𝑑

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑡𝑜 𝑓𝑖𝑒𝑙𝑑
 

 

 

𝐼𝐸 =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑤𝑎𝑡𝑒𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙𝑙𝑦 𝑢𝑠𝑒𝑑

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 − ∆ 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑜𝑓 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑤𝑎𝑡𝑒𝑟 
 

 



 

57 

 

 

 

𝐴𝐸 =  
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑛𝑔 𝑡𝑜 𝑡𝑎𝑟𝑔𝑒𝑡

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑎𝑝𝑝𝑙𝑖𝑒𝑑
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𝐸𝑇𝑐 =  𝐾𝑐 × 𝐸𝑇0             
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Crop Crop coefficient (Kc) 

Pasture/seeds 1 

Lucerne 1.2 

Oats 1 

Barley 1 

Potatoes 1 

Vegetables 1 

Deciduous Orchard 0.85 

Citrus Orchard 0.75 
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𝐸𝑇𝑐 𝑎𝑑𝑗 =  𝐾𝑠 × 𝐾𝑐 × 𝐸𝑇0                          
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Field Data type Default Value Comment Source

1 ID Short Integer Null Unique identi fier User

2 IRRIGATOR Text (domain restricted) Generic Spray Used to determine CUC and outwash ratio i f not expl ici tly suppl ied User

3 MANAGEMENT Text (domain restricted) Fixed Depth Management decis ion for deciding when to i rrigate User

4 TRIGGER Float 0.5 Proportion of FC when i rrigation occurs  for the variable interval  management option User

5 TARGET_DEPTH Short Integer FC - Trigger * FC Determines  target depth for the variable interval  and fixed depth management options  User

6 INTERVAL Short Integer Nul l Determines  i rrigation interval  for variable depth and fixed interval  management options User

7 CUC Float See Table 5.3 Used to determine appl ied depth from target depth User

8 ADEQUACY Float 0.8 Speci fies  proportion of field that recieves  at least the target depth User

9 MINIMUM RETURN PERIOD Short Integer Nul l Minimum number of days  between i rrigta ions  for each field User

10 SEASON_START Text Nul l Date that i rrigation can begin User

11 SEASON_END Text Nul l Date that i rrigation season ends User

12 RAW Float 0.5 Defines  the proportion of readi ly ava i lable water to total  ava i lable water User

13 ROOT_DEPTH Short Integer 600
Maximum root depth in mm. Actual  root depth is  the lesser of this  given root depth and the potentia l  root 

depth from soi ls  information layer
User

14 CROP_TYPE Text Nul l Required only for output results  for cropping scenarios User

15 PLANT_DATE Text Nul l Planting date for cropping scenarios  (day/month) e.g. 1/10 User

16 GS_INI Short Integer Nul l Number of days  of the ini tia l  growth s tage User / FAO56

17 GS_DEV Short Integer Nul l Number of days  of the development  growth s tage User / FAO56

18 GS_MID Short Integer Nul l Number of days  of the middle  growth s tage User / FAO56

19 GS_LATE Short Integer Nul l Number of days  of the late  growth s tage User / FAO56

20 KC_INI Float Nul l Crop coefficient for the ini tia l  growth s tage User / FAO56

21 KC_MID Float Nul l Crop coefficient for the middle growth s tage User / FAO56

22 KC_END Float Nul l Crop coefficient for the late growth s tage User / FAO56

23 SALINITY Boolean No Is  field prone to sa l t accumulation Y/N User
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Field Domain restricted options 

IRRIGATOR 

Centre Pivot 

Linear Move 

Rotorainer 

Travelling Gun 

K-line 

Fixed Sprinkler/Gun 

Border Dyke 

Micro system 

MANAGEMENT 

Fixed Depth 

Fixed Interval 

Fixed Depth & Interval 

Variable Rate Irrigation (VRI) 

Time series 
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Soil Moisture Deficit 

Trigger point 

Drainage 

 

 

 

Evapotranspiration Irrigation 

Rainfall 

Water Holding 
Capacity (Total 
Available Water) 

Field 

Capacity 

Soil Water 
Content 

Wilting point 

Surface runoff 

Readily Available 
Water 

Soil Moisture Deficit 
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Si+1 = Si + Ri + Ii – Di – AETi                                           
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>def get_ET_red(CWC, FC, RAW_prop): 

> if CWC < FC * RAW_prop: 

>  ET_red = CWC / (FC * RAW_prop) 

> else: 

>  ET_red = 1.0  

> return ET_red 

 

𝐴𝐸𝑇 =  𝐾𝑠 × 𝐾𝑐 × 𝐸𝑇0                                 
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Return Interval 

  Fixed Interval Variable Interval 

 
 
 
 

Depth 

 
Fixed Depth 

Scheduled irrigation: fixed 
Target Depth applied every 
x days 

Fixed Target Depth applied 
when SWC <= WHC * Trigger 

Variable Depth 
(between 

events) 

Irrigation applied every x 
days. Target Depth = WHC 
- SWC 

N/A 

Variable Rate 
Irrigation 

(within one 
event) 

Irrigation applied every x 
days. Target Depth = WHC 
- SWC for each irrigation 
unit 

Irrigation applied when SWC 
<= WHC * Trigger. Target 
Depth = WHC - SWC for each 
irrigation unit 
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Irrigator CUc (%) 

Centre Pivot 85 

Linear Move 80 

Rotorainer 75 

Travelling Gun 70 

K-line 60 

Fixed Sprinkler/Gun 65 

Border dyke 50 

Micro system 90 

VRI system 90 
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>def gross_depth_finder(target_depth, CUC, adequacy): 

> if CUC == 100.0: 

>  return target_depth 

> CUC = CUC/100 

> adequacy = adequacy/100 

> a_dev = target_depth * (1- (CUC)) 

> s_dev = a_dev/(np.sqrt(2/math.pi)) 

> gross_depth = stats.norm(target_depth, s_dev).ppf(adequacy) 

> return gross_depth                                 
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North Island 

South Island 

Figure 6.1 Case study locations 
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Source 
Field 

Capacity 

Wilting 

Point 

Plant Available 

Water (PAW) 
Notes 

Rickard & 

Moss 

(2012) 

30 - 33% 

Mw 
10% Mw - 0 - 10cm in the soil profile. 

Carey 

(2002) 

33.9 - 

35.7% Mv 

35.2 - 

36.9% Mw 

- - 

0 - 5cm in the soil profile. 69 cores 

taken, reported here are the mean 

values for cores taken from 2 

irrigated trial blocks under 15% 

and 20% treatment. 

S-map - - 
86.6 mm (to 

60cm) 

S-map reference: Lism_1a.1. 

Properties are representative of 

75% of the map unit at the 

location of the Winchmore trials. 

NZFSL - - 
65 mm (to 

41cm) 

Modal PAW value taken. Rooting 

depth is restricted to 41cm in the 

NZFSL. 
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Border Dyke Trial 10% 15% 20% 

Trigger Point 0 0.25 0.19 0.5 0.34 

162 0 23 17 43 32 

120 0 32 - 62 - 

87 0 45 - 87 - 

Recorded Irrigation 20 37 54* 
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Border Dyke Trial 10% 15% 20% 

Trigger Point 0 0.25 0.19 0.5 0.34 

162 27 29 29 43 35 

120 30 40 - 62 - 

120** 11 32 - 62 - 

87 41 56 - 87 - 

Recorded Irrigation 20 37 54* 
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Application Efficiency Water Use Efficiency 

Stress Days Total Drainage 

Average application efficiency Proportion of irrigation and rainfall utilised 

Number of days RAW is depleted Total drainage below the root zone 
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Application efficiency  
As predicted for 2014/2015 irrigation season As predicted for original sprinklers and no in-line taps 

with 2014/2015 irrigation season climate 

Application efficiency  
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ID IRRIGATOR MANAGEMENT TRIGGER TARGET_DEPTH MIN_DEPTH INTERVAL MIN_RETURN SEASON_START SEASON_END

1 Centre Pivot FIXED_DEPTH 0.5 <Null> 5 <Null> 3 1/10/2011 1/04/2012

2 Centre Pivot FIXED_DEPTH 0.5 <Null> 5 <Null> 3 1/10/2011 1/04/2012

3 Centre Pivot FIXED_DEPTH_AND_INTERVAL <Null> 15 <Null> 3 <Null> 1/10/2011 1/04/2012

4 Fixed Gun FIXED_DEPTH <Null> 30 5 <Null> 3 1/10/2011 1/04/2012

5 Linear Move FIXED_INTERVAL <Null> <Null> 10 7 <Null> 1/11/2011 1/04/2012

6 Travelling Gun FIXED_DEPTH <Null> 50 <Null> <Null> <Null> 1/11/2011 1/04/2012

7 K-line FIXED_DEPTH_AND_INTERVAL <Null> 35 <Null> 7 <Null> 1/11/2011 1/04/2012

8 RotoRainer FIXED_INTERVAL <Null> <Null> 30 7 <Null> 1/10/2011 1/04/2012

9 RotoRainer FIXED_INTERVAL <Null> <Null> 30 7 <Null> 5/10/2011 1/04/2012

10 RotoRainer FIXED_INTERVAL <Null> <Null> 30 7 <Null> 3/10/2011 1/04/2012

ID CROP_TYPE ROOT_DEPTH PLANT_DATE GS_INI GS_DEV GS_MID GS_LATE KC_INI KC_MID KC_END

6 Maize (sweet) 1200 1/11/2011 20 25 25 10 0.3 1.15 1.05

8 Sugar Beet 1000 1/10/2011 25 35 50 50 0.35 1.2 0.9

9 Sugar Beet 1000 1/10/2011 25 35 50 50 0.35 1.2 0.9

10 Sugar Beet 1000 1/10/2011 25 35 50 50 0.35 1.2 0.9
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Standard Irrigation Variable Rate Irrigation 

Centre Pivot: 15mm applied every 3 days 
Linear Move: Irrigation applied every 7 days 
at a target depth equal to the deficit of the 
driest portion of the field 

Centre Pivot: VRI applied every 3 days 
Linear Move: VRI applied every 7 days 

83% 

98% 

86% 

93% 

100% 

51% 

54% 

54% 

111 

94 

110 220 

217 

221 

0 

116 

9 606 

660 
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91 
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88 

0 
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PAW_ 

CLASS 

PAW_ 

MIN (mm) 

PAW_ 

MAX (mm) 

PAW_ 

MOD (mm) 

Description 

1 250 350 

R
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m
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n
d

er
 ‘I

te
m

 v
al

u
es

 

&
 In

te
rp
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n
’ 

 

Very high 

2 150 249 High 

3 90 149 Moderately high 

4 60 89 Moderate 

5 30 59 Low 

6 0 29 Very low 
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PRAW_ 

CLASS 

PRAW_ 

MIN (mm) 

PRAW_ 

MAX (mm) 

PRAW_ 

MOD (mm) 

Description 

1 150 250 
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Very high 

2 100 149 High 

3 75 99 Moderately high 

4 50 74 Moderate 

5 25 49 Low 

6 0 24 Very Low 
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PRD_ 

CLASS 

PRD_ 

MIN (m) 

PRD_ 

MAX (m) 

PRD_ 

MOD (m) 
Description 

1 1.2 1.5 
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Very deep 

2 0.9 1.19 Deep 

3 0.6 0.89 Moderately deep 

4 0.45 0.59 Slightly deep 

5 0.25 0.44 Shallow 

6 0.15 0.24 Very shallow 

 

 

 
 

 

TABLE 11. Lengths of crop development stages* for various planting periods and 
climatic regions (days) 

Crop Init. 
(Lini) 

Dev. 
(Ldev) 

Mid 
(Lmid) 

Late 
(Llate) 

Total Plant Date Region 

a. Small Vegetables 

Broccoli 35 45 40 15 135 Sept Calif. Desert, USA 

Cabbage 40 60 50 15 165 Sept Calif. Desert, USA 

Carrots 20 30 50/30 20 100 Oct/Jan Arid climate 

30 40 60 20 150 Feb/Mar Mediterranean 

30 50 90 30 200 Oct Calif. Desert, USA 

Cauliflower 35 50 40 15 140 Sept Calif. Desert, USA 

Celery 25 40 95 20 180 Oct (Semi) Arid 

25 40 45 15 125 April Mediterranean 
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30 55 105 20 210 Jan (Semi) Arid 

Crucifers1 20 30 20 10 80 April Mediterranean 

25 35 25 10 95 February Mediterranean 

30 35 90 40 195 Oct/Nov Mediterranean 

Lettuce 20 30 15 10 75 April Mediterranean 

30 40 25 10 105 Nov/Jan Mediterranean 

25 35 30 10 100 Oct/Nov Arid Region 

35 50 45 10 140 Feb Mediterranean 

Onion (dry) 15 25 70 40 150 April Mediterranean 

20 35 110 45 210 Oct; Jan. Arid Region; Calif. 

Onion (green) 25 30 10 5 70 April/May Mediterranean 

20 45 20 10 95 October Arid Region 

30 55 55 40 180 March Calif., USA 

Onion (seed) 20 45 165 45 275 Sept Calif. Desert, USA 

Spinach 20 20 15/25 5 60/70 Apr; 
Sep/Oct 

Mediterranean 

20 30 40 10 100 November Arid Region 

Radish 5 10 15 5 35 Mar/Apr Medit.; Europe 

10 10 15 5 40 Winter Arid Region 

b. Vegetables - Solanum Family (Solanaceae) 

Egg plant 30 40 40 20 130\1 October Arid Region 

30 45 40 25 40 May/June Mediterranean 

Sweet peppers (bell) 25/30 35 40 20 125 April/June Europe and Medit. 

30 40 110 30 210 October Arid Region 

Tomato 30 40 40 25 135 January Arid Region 

35 40 50 30 155 Apr/May Calif., USA 

25 40 60 30 155 Jan Calif. Desert, USA 

35 45 70 30 180 Oct/Nov Arid Region 

30 40 45 30 145 April/May Mediterranean 

c. Vegetables - Cucumber Family (Cucurbitaceae) 

Cantaloupe 30 45 35 10 120 Jan Calif., USA 

10 60 25 25 120 Aug Calif., USA 

Cucumber 20 30 40 15 105 June/Aug Arid Region 

25 35 50 20 130 Nov; Feb Arid Region 

Pumpkin, Winter 
squash 

20 30 30 20 100 Mar, Aug Mediterranean 

25 35 35 25 120 June Europe 

Squash, Zucchini 25 35 25 15 100 Apr; Dec. Medit.; Arid Reg. 

20 30 25 15 90 May/June Medit.; Europe 

Sweet melons 25 35 40 20 120 May Mediterranean 

30 30 50 30 140 March Calif., USA 

15 40 65 15 135 Aug Calif. Desert, USA 

30 45 65 20 160 Dec/Jan Arid Region 

Water melons 20 30 30 30 110 April Italy 

10 20 20 30 80 Mat/Aug Near East (desert) 

d. Roots and Tubers 
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Beets, table 15 25 20 10 70 Apr/May Mediterranean 

25 30 25 10 90 Feb/Mar Mediterranean & Arid 

Cassava: year 1 20 40 90 60 210 Rainy Tropical regions 

year 2 150 40 110 60 360 season  

Potato 25 30 30/45 30 115/130 Jan/Nov (Semi) Arid Climate 

25 30 45 30 130 May Continental Climate 

30 35 50 30 145 April Europe 

45 30 70 20 165 Apr/May Idaho, USA 

30 35 50 25 140 Dec Calif. Desert, USA 

Sweet potato 20 30 60 40 150 April Mediterranean 

15 30 50 30 125 Rainy seas. Tropical regions 

Sugarbeet 30 45 90 15 180 March Calif., USA 

25 30 90 10 155 June Calif., USA 

25 65 100 65 255 Sept Calif. Desert, USA 

50 40 50 40 180 April Idaho, USA 

25 35 50 50 160 May Mediterranean 

45 75 80 30 230 November Mediterranean 

35 60 70 40 205 November Arid Regions 

e. Legumes (Leguminosae) 

Beans (green) 20 30 30 10 90 Feb/Mar Calif., Mediterranean 

15 25 25 10 75 Aug/Sep Calif., Egypt, Lebanon 

Beans (dry) 20 30 40 20 110 May/June Continental Climates 

15 25 35 20 95 June Pakistan, Calif. 

25 25 30 20 100 June Idaho, USA 

Faba bean, broad 
bean 

15 25 35 15 90 May Europe 

20 30 35 15 100 Mar/Apr Mediterranean 

 - dry 90 45 40 60 235 Nov Europe 

 - green 90 45 40 0 175 Nov Europe 

Green gram, cowpeas 20 30 30 20 110 March Mediterranean 

Groundnut 25 35 45 25 130 Dry West Africa 

35 35 35 35 140 season High Latitudes 

35 45 35 25 140 May 
May/June 

Mediterranean 

Lentil 20 30 60 40 150 April Europe 

25 35 70 40 170 Oct/Nov Arid Region 

Peas 15 25 35 15 90 May Europe 

20 30 35 15 100 Mar/Apr Mediterranean 

35 25 30 20 110 April Idaho, USA 

Soybeans 15 15 40 15 85 Dec Tropics 

20 30/35 60 25 140 May Central USA 

20 25 75 30 150 June Japan 

f. Perennial Vegetables (with winter dormancy and initially bare or mulched soil) 

Artichoke 40 40 250 30 360 Apr (1st yr) California 

20 25 250 30 325 May (2nd yr) (cut in May) 

Asparagus 50 30 100 50 230 Feb Warm Winter 
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90 30 200 45 365 Feb Mediterranean 

g. Fibre Crops 

Cotton 30 50 60 55 195 Mar-May Egypt; Pakistan; Calif. 

45 90 45 45 225 Mar Calif. Desert, USA 

30 50 60 55 195 Sept Yemen 

30 50 55 45 180 April Texas 

Flax 25 35 50 40 150 April Europe 

30 40 100 50 220 October Arizona 

h. Oil Crops 

Castor beans 25 40 65 50 180 March (Semi) Arid Climates 

20 40 50 25 135 Nov. Indonesia 

Safflower 20 35 45 25 125 April California, USA 

25 35 55 30 145 Mar High Latitudes 

35 55 60 40 190 Oct/Nov Arid Region 

Sesame 20 30 40 20 100 June China 

Sunflower 25 35 45 25 130 April/May Medit.; California 

i. Cereals 

Barley/Oats/Wheat 15 25 50 30 120 November Central India 

20 25 60 30 135 March/Apr 35-45 °L 

15 30 65 40 150 July East Africa 

40 30 40 20 130 Apr  

40 60 60 40 200 Nov  

20 50 60 30 160 Dec Calif. Desert, USA 

Winter Wheat 202 602 70 30 180 December Calif., USA 

30 140 40 30 240 November Mediterranean 

160 75 75 25 335 October Idaho, USA 

Grains (small) 20 30 60 40 150 April Mediterranean 

25 35 65 40 165 Oct/Nov Pakistan; Arid Reg. 

Maize (grain) 30 50 60 40 180 April East Africa (alt.) 

25 40 45 30 140 Dec/Jan Arid Climate 

20 35 40 30 125 June Nigeria (humid) 

20 35 40 30 125 October India (dry, cool) 

30 40 50 30 150 April Spain (spr, sum.); Calif. 

30 40 50 50 170 April Idaho, USA 

Maize (sweet) 20 20 30 10 80 March Philippines 

20 25 25 10 80 May/June Mediterranean 

20 30 50/30 10 90 Oct/Dec Arid Climate 

30 30 30 103 110 April Idaho, USA 

20 40 70 10 140 Jan Calif. Desert, USA 

Millet 15 25 40 25 105 June Pakistan 

20 30 55 35 140 April Central USA 

Sorghum 20 35 40 30 130 May/June USA, Pakis., Med. 

20 35 45 30 140 Mar/April Arid Region 

Rice 30 30 60 30 150 Dec; May Tropics; Mediterranean 

30 30. 80 40 180 May Tropics 
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j. Forages 

Alfalfa, total season 4 10 30 var. var. var.  last -4°C in spring until first 
-4°C in fall 

Alfalfa 4 1st cutting 
cycle 

10 20 20 10 60 Jan Apr 
(last - 4°C) 

Calif., USA. 

10 30 25 10 75  Idaho, USA. 

Alfalfa 4, other cutting 
cycles 

5 10 10 5 30 Mar Calif., USA. 

5 20 10 10 45 Jun Idaho, USA. 

Bermuda for seed 10 25 35 35 105 March Calif. Desert, USA 

Bermuda for hay 
(several cuttings) 

10 15 75 35 135 --- Calif. Desert, USA 

Grass Pasture 4 10 20 -- -- --  7 days before last -4°C in 
spring until 7 days after 
first -4°C in fall 

Sudan, 1st cutting 
cycle 

25 25 15 10 75 Apr Calif. Desert, USA 

Sudan, other cutting 
cycles 

3 15 12 7 37 June Calif. Desert, USA 

k. Sugar Cane 

Sugarcane, virgin 35 60 190 120 405  Low Latitudes 

50 70 220 140 480  Tropics 

75 105 330 210 720  Hawaii, USA 

Sugarcane, ratoon 25 70 135 50 280  Low Latitudes 

30 50 180 60 320  Tropics 

35 105 210 70 420  Hawaii, USA 

l. Tropical Fruits and Trees 

Banana, 1st yr 120 90 120 60 390 Mar Mediterranean 

Banana, 2nd yr 120 60 180 5 365 Feb Mediterranean 

Pineapple 60 120 600 10 790  Hawaii, USA 

m. Grapes and Berries 

Grapes 20 40 120 60 240 April Low Latitudes 

20 50 75 60 205 Mar Calif., USA 

20 50 90 20 180 May High Latitudes 

30 60 40 80 210 April Mid Latitudes (wine) 

Hops 25 40 80 10 155 April Idaho, USA 

n. Fruit Trees 

Citrus 60 90 120 95 365 Jan Mediterranean 

Deciduous Orchard 20 70 90 30 210 March High Latitudes 

20 70 120 60 270 March Low Latitudes 

30 50 130 30 240 March Calif., USA 

Olives 30 90 60 90 2705 March Mediterranean 

Pistachios 20 60 30 40 150 Feb Mediterranean 

Walnuts 20 10 130 30 190 April Utah, USA 

o. Wetlands - Temperate Climate 

Wetlands (Cattails, 
Bulrush) 

10 30 80 20 140 May Utah, USA; killing frost 

180 60 90 35 365 November Florida, USA 
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Wetlands (short veg.) 180 60 90 35 365 November frost-free climate 

 

 

 
 
* Lengths of crop development stages provided in this table are indicative of general conditions, but may 
vary substantially from region to region, with climate and cropping conditions, and with crop variety. The 
user is strongly encouraged to obtain appropriate local information. 

1 Crucifers include cabbage, cauliflower, broccoli, and Brussel sprouts. The wide range in lengths of 
seasons is due to varietal and species differences. 

2 These periods for winter wheat will lengthen in frozen climates according to days having zero growth 
potential and wheat dormancy. Under general conditions and in the absence of local data, fall planting of 
winter wheat can be presumed to occur in northern temperate climates when the 10-day running average 
of mean daily air temperature decreases to 17° C or December 1, whichever comes first. Planting of spring 
wheat can be presumed to occur when the 10-day running average of mean daily air temperature 
increases to 5° C. Spring planting of maize-grain can be presumed to occur when the 10-day running 
average of mean daily air temperature increases to 13° C. 

3 The late season for sweet maize will be about 35 days if the grain is allowed to mature and dry. 

4 In climates having killing frosts, growing seasons can be estimated for alfalfa and grass as: 

alfalfa: last -4° C in spring until first -4° C in fall (Everson, D. O., M. Faubion and D. E. Amos 1978. 
"Freezing temperatures and growing seasons in Idaho." Univ. Idaho Agric. Exp. station bulletin 494. 18 p.) 

grass: 7 days before last -4° C in spring and 7 days after last -4° C in fall (Kruse E. G. and Haise, H. R. 
1974. "Water use by native grasses in high altitude Colorado meadows." USDA Agric. Res. Service, 
Western Region report ARS-W-6-1974. 60 pages) 

5 Olive trees gain new leaves in March. See footnote 24 of Table 12 for additional information, where the 
Kc continues outside of the "growing period". 

 

 

TABLE 12. Single (time-averaged) crop coefficients, Kc, and mean maximum 
plant heights for non stressed, well-managed crops in subhumid climates 

(RHmin  45%, u2  2 m/s) for use with the FAO Penman-Monteith ETo. 

Crop 
 

Kc mid Kc end 
Maximum Crop 
Height (h) (m) 

a. Small Vegetables 0.7 1.05 0.95  

Broccoli  1.05 0.95 0.3 

Brussel Sprouts  1.05 0.95 0.4 

Cabbage  1.05 0.95 0.4 

Carrots  1.05 0.95 0.3 

Cauliflower  1.05 0.95 0.4 

Celery  1.05 1.00 0.6 
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Garlic  1.00 0.70 0.3 

Lettuce  1.00 0.95 0.3 

Onions     

 - dry  1.05 0.75 0.4 

 - green  1.00 1.00 0.3 

 - seed  1.05 0.80 0.5 

Spinach  1.00 0.95 0.3 

Radish  0.90 0.85 0.3 

b. Vegetables - Solanum Family (Solanaceae) 0.6 1.15 0.80  

Egg Plant  1.05 0.90 0.8 

Sweet Peppers (bell)  1.052 0.90 0.7 

Tomato  1.152 0.70-
0.90 

0.6 

c. Vegetables - Cucumber Family (Cucurbitaceae) 0.5 1.00 0.80  

Cantaloupe 0.5 0.85 0.60 0.3 

Cucumber     

 - Fresh Market 0.6 1.002 0.75 0.3 

 - Machine harvest 0.5 1.00 0.90 0.3 

Pumpkin, Winter Squash  1.00 0.80 0.4 

Squash, Zucchini  0.95 0.75 0.3 

Sweet Melons  1.05 0.75 0.4 

Watermelon 0.4 1.00 0.75 0.4 

d. Roots and Tubers 0.5 1.10 0.95  

Beets, table  1.05 0.95 0.4 

Cassava     

 - year 1 0.3 0.803 0.30 1.0 

 - year 2 0.3 1.10 0.50 1.5 

Parsnip 0.5 1.05 0.95 0.4 

Potato  1.15 0.754 0.6 

Sweet Potato  1.15 0.65 0.4 

Turnip (and Rutabaga)  1.10 0.95 0.6 

Sugar Beet 0.35 1.20 0.705 0.5 

e. Legumes (Leguminosae) 0.4 1.15 0.55  

Beans, green 0.5 1.052 0.90 0.4 

Beans, dry and Pulses 0.4 1.152 0.35 0.4 

Chick pea  1.00 0.35 0.4 

Fababean (broad bean)     

 - Fresh 0.5 1.152 1.10 0.8 

 - Dry/Seed 0.5 1.152 0.30 0.8 

Grabanzo 0.4 1.15 0.35 0.8 

Green Gram and Cowpeas  1.05 0.60-
0.356 

0.4 

Groundnut (Peanut)  1.15 0.60 0.4 

Lentil  1.10 0.30 0.5 

Peas     

 - Fresh 0.5 1.152 1.10 0.5 
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 - Dry/Seed  1.15 0.30 0.5 

Soybeans  1.15 0.50 0.5-1.0 

f. Perennial Vegetables (with winter dormancy and 
initially bare or mulched soil) 

0.5 1.00 0.80  

Artichokes 0.5 1.00 0.95 0.7 

Asparagus 0.5 0.957 0.30 0.2-0.8 

Mint 0.60 1.15 1.10 0.6-0.8 

Strawberries 0.40 0.85 0.75 0.2 

g. Fibre Crops 0.35    

Cotton  1.15-
1.20 

0.70-
0.50 

1.2-1.5 

Flax  1.10 0.25 1.2 

Sisal 8  0.4-0.7 0.4-0.7 1.5 

h. Oil Crops 0.35 1.15 0.35  

Castorbean (Ricinus)  1.15 0.55 0.3 

Rapeseed, Canola  1.0-
1.159 

0.35 0.6 

Safflower  1.0-
1.159 

0.25 0.8 

Sesame  1.10 0.25 1.0 

Sunflower  1.0-
1.159 

0.35 2.0 

i. Cereals 0.3 1.15 0.4  

Barley  1.15 0.25 1 

Oats  1.15 0.25 1 

Spring Wheat  1.15 0.25-
0.410 

1 

Winter Wheat     

 - with frozen soils 0.4 1.15 0.25-
0.410 

1 

 - with non-frozen soils 0.7 1.15 0.25-
0.410 

 

Maize, Field (grain) (field corn)  1.20 0.60-
0.3511 

2 

Maize, Sweet (sweet corn)  1.15 1.0512 1.5 

Millet  1.00 0.30 1.5 

Sorghum     

 - grain  1.00-
1.10 

0.55 1-2 

 - sweet  1.20 1.05 2-4 

Rice 1.05 1.20 0.90-
0.60 

1 

j. Forages 

Alfalfa Hay     

 - averaged cutting effects 0.40 0.9513 0.90 0.7 

 - individual cutting periods 0.4014 1.2014 1.1514 0.7 

 - for seed 0.40 0.50 0.50 0.7 

Bermuda hay     
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 - averaged cutting effects 0.55 1.0013 0.85 0.35 

 - Spring crop for seed 0.35 0.90 0.65 0.4 

Clover hay, Berseem     

 - averaged cutting effects 0.40 0.9013 0.85 0.6 

 - individual cutting periods 0.4014 1.1514 1.1014 0.6 

Rye Grass hay     

 - averaged cutting effects 0.95 1.05 1.00 0.3 

Sudan Grass hay (annual)     

 - averaged cutting effects 0.50 0.9014 0.85 1.2 

 - individual cutting periods 0.5014 1.1514 1.1014 1.2 

Grazing Pasture     

 - Rotated Grazing 0.40 0.85-
1.05 

0.85 0.15-0.30 

 - Extensive Grazing 0.30 0.75 0.75 0.10 

Turf grass     

 - cool season 15 0.90 0.95 0.95 0.10 

 - warm season 15 0.80 0.85 0.85 0.10 

k. Sugar Cane 0.40 1.25 0.75 3 

l. Tropical Fruits and Trees 

Banana     

 - 1st year 0.50 1.10 1.00 3 

 - 2nd year 1.00 1.20 1.10 4 

Cacao 1.00 1.05 1.05 3 

Coffee     

 - bare ground cover 0.90 0.95 0.95 2-3 

 - with weeds 1.05 1.10 1.10 2-3 

Date Palms 0.90 0.95 0.95 8 

Palm Trees 0.95 1.00 1.00 8 

Pineapple 16     

 - bare soil 0.50 0.30 0.30 0.6-1.2 

 - with grass cover 0.50 0.50 0.50 0.6-1.2 

Rubber Trees 0.95 1.00 1.00 10 

Tea     

 - non-shaded 0.95 1.00 1.00 1.5 

 - shaded 17 1.10 1.15 1.15 2 

m. Grapes and Berries 

Berries (bushes) 0.30 1.05 0.50 1.5 

Grapes     

 - Table or Raisin 0.30 0.85 0.45 2 

 - Wine 0.30 0.70 0.45 1.5-2 

Hops 0.3 1.05 0.85 5 

n. Fruit Trees 

Almonds, no ground cover 0.40 0.90 0.6518 5 

Apples, Cherries, Pears 19     

 - no ground cover, killing frost 0.45 0.95 0.7018 4 
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 - no ground cover, no frosts 0.60 0.95 0.7518 4 

 - active ground cover, killing frost 0.50 1.20 0.9518 4 

 - active ground cover, no frosts 0.80 1.20 0.8518 4 

Apricots, Peaches, Stone Fruit 19, 20     

 - no ground cover, killing frost 0.45 0.90 0.6518 3 

 - no ground cover, no frosts 0.55 0.90 0.6518 3 

 - active ground cover, killing frost 0.50 1.15 0.9018 3 

 - active ground cover, no frosts 0.80 1.15 0.8518 3 

Avocado, no ground cover 0.60 0.85 0.75 3 

Citrus, no ground cover 21     

 - 70% canopy 0.70 0.65 0.70 4 

 - 50% canopy 0.65 0.60 0.65 3 

 - 20% canopy 0.50 0.45 0.55 2 

Citrus, with active ground cover or weeds 22     

 - 70% canopy 0.75 0.70 0.75 4 

 - 50% canopy 0.80 0.80 0.80 3 

 - 20% canopy 0.85 0.85 0.85 2 

Conifer Trees 23 1.00 1.00 1.00 10 

Kiwi 0.40 1.05 1.05 3 

Olives (40 to 60% ground coverage by canopy) 24 0.65 0.70 0.70 3-5 

Pistachios, no ground cover 0.40 1.10 0.45 3-5 

Walnut Orchard 19 0.50 1.10 0.6518 4-5 

o. Wetlands - temperate climate 

Cattails, Bulrushes, killing frost 0.30 1.20 0.30 2 

Cattails, Bulrushes, no frost 0.60 1.20 0.60 2 

Short Veg., no frost 1.05 1.10 1.10 0.3 

Reed Swamp, standing water 1.00 1.20 1.00 1-3 

Reed Swamp, moist soil 0.90 1.20 0.70 1-3 

p. Special 

Open Water, < 2 m depth or in subhumid climates or 
tropics 

 1.05 1.05  

Open Water, > 5 m depth, clear of turbidity, temperate 
climate 

 0.6525 1.2525  

 

 

 

1 These are general values for Kc ini under typical irrigation management and soil wetting. For frequent 
wettings such as with high frequency sprinkle irrigation or daily rainfall, these values may increase 
substantially and may approach 1.0 to 1.2. Kc ini is a function of wetting interval and potential evaporation 
rate during the initial and development periods and is more accurately estimated using Figures 29 and 30, 
or Equation 7-3 in Annex 7, or using the dual Kcb ini + Ke. 

2 Beans, Peas, Legumes, Tomatoes, Peppers and Cucumbers are sometimes grown on stalks reaching 
1.5 to 2 meters in height. In such cases, increased Kc values need to be taken. For green beans, peppers 
and cucumbers, 1.15 can be taken, and for tomatoes, dry beans and peas, 1.20. Under these conditions h 
should be increased also. 

3 The midseason values for cassava assume non-stressed conditions during or following the rainy season. 
The Kc end values account for dormancy during the dry season. 
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4 The Kc end value for potatoes is about 0.40 for long season potatoes with vine kill. 

5 This Kc end value is for no irrigation during the last month of the growing season. The Kc end value for sugar 
beets is higher, up to 1.0, when irrigation or significant rain occurs during the last month. 

6 The first Kc end is for harvested fresh. The second value is for harvested dry. 

7 The Kc for asparagus usually remains at Kc ini during harvest of the spears, due to sparse ground cover. 
The Kc mid value is for following regrowth of plant vegetation following termination of harvest of spears. 

8 Kc for sisal depends on the planting density and water management (e.g., intentional moisture stress). 

9 The lower values are for rainfed crops having less dense plant populations. 

10 The higher value is for hand-harvested crops. 

11 The first Kc end value is for harvest at high grain moisture. The second Kc end value is for harvest after 
complete field drying of the grain (to about 18% moisture, wet mass basis). 

12 If harvested fresh for human consumption. Use Kc end for field maize if the sweet maize is allowed to 
mature and dry in the field. 

13 This Kc mid coefficient for hay crops is an overall average Kc mid coefficient that averages Kc for both 
before and following cuttings. It is applied to the period following the first development period until the 
beginning of the last late season period of the growing season. 

14 These Kc coefficients for hay crops represent immediately following cutting; at full cover; and 
immediately before cutting, respectively. The growing season is described as a series of individual cutting 
periods (Figure 35). 

15 Cool season grass varieties include dense stands of bluegrass, ryegrass, and fescue. Warm season 
varieties include bermuda grass and St. Augustine grass. The 0.95 values for cool season grass represent 
a 0.06 to 0.08 m mowing height under general turf conditions. Where careful water management is 
practiced and rapid growth is not required, Kc's for turf can be reduced by 0.10. 

16 The pineapple plant has very low transpiration because it closes its stomates during the day and opens 
them during the night. Therefore, the majority of ETc from pineapple is evaporation from the soil. The Kc 

mid < Kc ini since Kc mid occurs during full ground cover so that soil evaporation is less. Values given assume 
that 50% of the ground surface is covered by black plastic mulch and that irrigation is by sprinkler. For drip 
irrigation beneath the plastic mulch, Kc's given can be reduced by 0.10. 

17 Includes the water requirements of the shade trees. 

18 These Kc end values represent Kc prior to leaf drop. After leaf drop, Kc end  0.20 for bare, dry soil or dead 

ground cover and Kc end  0.50 to 0.80 for actively growing ground cover (consult Chapter 11). 

19 Refer to Eq. 94, 97 or 98 and footnotes 21 and 22 for estimating Kc for immature stands. 

20 Stone fruit category applies to peaches, apricots, pears, plums and pecans. 

21 These Kc values can be calculated from Eq. 98 for Kc min = 0.15 and Kc full = 0.75, 0.70 and 0.75 for the 

initial, mid season and end of season periods, and fc eff = fc where fc = fraction of ground covered by tree 
canopy (e.g., the sun is presumed to be directly overhead). The values listed correspond with those in 
Doorenbos and Pruitt (1977) and with more recent measurements. The midseason value is lower than 
initial and ending values due to the effects of stomatal closure during periods of peak ET. For humid and 
subhumid climates where there is less stomatal control by citrus, values for Kc ini, Kc mid, and Kc end can be 
increased by 0.1 - 0.2, following Rogers et al. (1983). 
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22 These Kc values can be calculated as Kc = fc Kc ngc + (1 - fc) Kc cover where Kc ngc is the Kc of citrus with no 
active ground cover (calculated as in footnote 21), Kc cover is the Kc, for the active ground cover (0.95), and 
fc is defined in footnote 21. The values listed correspond with those in Doorenbos and Pruitt (1977) and 
with more recent measurements. Alternatively, Kc for citrus with active ground cover can be estimated 
directly from Eq. 98 by setting Kc min = Kc cover. For humid and subhumid climates where there is less 
stomatal control by citrus, values for Kc ini, Kc mid, and Kc end can be increased by 0.1 - 0.2, following Rogers 
et al. (1983). 

For non-active or only moderately active ground cover (active indicates green and growing ground cover 
with LAI > about 2 to 3), Kc should be weighted between Kc for no ground cover and Kc for active ground 
cover, with the weighting based on the "greenness" and approximate leaf area of the ground cover. 

23 Confers exhibit substantial stomatal control due to reduced aerodynamic resistance. The Kc, can easily 
reduce below the values presented, which represent well-watered conditions for large forests. 

24 These coefficients represent about 40 to 60% ground cover. Refer to Eq. 98 and footnotes 21 and 22 for 
estimating Kc for immature stands. In Spain, Pastor and Orgaz (1994) have found the following monthly 
Kc's for olive orchards having 60% ground cover: 0.50, 0.50, 0.65, 0.60, 0.55, 0.50, 0.45, 0.45, 0.55, 0.60, 
0.65, 0.50 for months January through December. These coefficients can be invoked by using Kc ini = 0.65, 
Kc mid = 0.45, and Kc end = 0.65, with stage lengths = 30, 90, 60 and 90 days, respectively for initial, 
development, midseason and late season periods, and using Kc during the winter ("off season") in 
December to February = 0.50. 

25 These Kc's are for deep water in temperate latitudes where large temperature changes in the water body 
occur during the year, and initial and peak period evaporation is low as radiation energy is absorbed into 
the deep water body. During fall and winter periods (Kc end), heat is released from the water body that 
increases the evaporation above that for grass. Therefore, Kc mid corresponds to the period when the water 
body is gaining thermal energy and Kc end when releasing thermal energy. These Kc's should be used with 
caution. 
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TABLE 22. Ranges of maximum effective rooting depth (Zr), and soil water 
depletion fraction for no stress (p), for common crops 

Crop 
Maximum Root 

Depth 1 
(m) 

Depletion Fraction 2 (for ET  5 
mm/day) 

p 

a. Small Vegetables 

Broccoli 0.4-0.6 0.45 

Brussel Sprouts 0.4-0.6 0.45 

Cabbage 0.5-0.8 0.45 

Carrots 0.5-1.0 0.35 

Cauliflower 0.4-0.7 0.45 

Celery 0.3-0.5 0.20 

Garlic 0.3-0.5 0.30 

Lettuce 0.3-0.5 0.30 

Onions   

 - dry 0.3-0.6 0.30 

 - green 0.3-0.6 0.30 

 - seed 0.3-0.6 0.35 

Spinach 0.3-0.5 0.20 

Radishes 0.3-0.5 0.30 

b. Vegetables - Solarium Family (Solanaceae) 

Egg Plant 0.7-1.2 0.45 

Sweet Peppers (bell) 0.5-1.0 0.30 

Tomato 0.7-1.5 0.40 

c. Vegetables - Cucumber Family (Cucurbitaceae) 

Cantaloupe 0.9-1.5 0.45 

Cucumber   

 - Fresh Market 0.7-1.2 0.50 

 - Machine harvest 0.7-1.2 0.50 

Pumpkin, Winter Squash 1.0-1.5 0.35 

Squash, Zucchini 0.6-1.0 0.50 

Sweet Melons 0.8-1.5 0.40 

Watermelon 0.8-1.5 0.40 

d. Roots and Tubers 

Beets, table 0.6-1.0 0.50 

Cassava   

 - year 1 0.5-0.8 0.35 

 - year 2 0.7-1.0 0.40 

Parsnip 0.5-1.0 0.40 

Potato 0.4-0.6 0.35 

Sweet Potato 1.0-1.5 0.65 

Turnip (and Rutabaga) 0.5-1.0 0.50 

Sugar Beet 0.7-1.2 0.553 
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e. Legumes (Leguminosae) 

Beans, green 0.5-0.7 0.45 

Beans, dry and Pulses 0.6-0.9 0.45 

Beans, lima, large vines 0.8-1.2 0.45 

Chick pea 0.6-1.0 0.50 

Fababean (broad bean)   

 - Fresh 0.5-0.7 0.45 

 - Dry/Seed 0.5-0.7 0.45 

Grabanzo 0.6-1.0 0.45 

Green Gram and Cowpeas 0.6-1.0 0.45 

Groundnut (Peanut) 0.5-1.0 0.50 

Lentil 0.6-0.8 0.50 

Peas   

 - Fresh 0.6-1.0 0.35 

 - Dry/Seed 0.6-1.0 0.40 

Soybeans 0.6-1.3 0.50 

f. Perennial Vegetables (with winter dormancy and initially bare or mulched soil) 

Artichokes 0.6-0.9 0.45 

Asparagus 1.2-1.8 0.45 

Mint 0.4-0.8 0.40 

Strawberries 0.2-0.3 0.20 

g. Fibre Crops 

Cotton 1.0-1.7 0.65 

Flax 1.0-1.5 0.50 

Sisal 0.5-1.0 0.80 

h. Oil Crops 

Castorbean (Ricinus) 1.0-2.0 0.50 

Rapeseed, Canola 1.0-1.5 0.60 

Safflower 1.0-2.0 0.60 

Sesame 1.0-1.5 0.60 

Sunflower 0.8-1.5 0.45 

i. Cereals 

Barley 1.0-1.5 0.55 

Oats 1.0-1.5 0.55 

Spring Wheat 1.0-1.5 0.55 

Winter Wheat 1.5-1.8 0.55 

Maize, Field (grain) (field corn) 1.0-1.7 0.55 

Maize, Sweet (sweet corn) 0.8-1.2 0.50 

Millet 1.0-2.0 0.55 

Sorghum   

 - grain 1.0-2.0 0.55 

 - sweet 1.0-2.0 0.50 

Rice 0.5-1.0 0.204 

j. Forages 

Alfalfa   
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 - for hay 1.0-2.0 0.55 

 - for seed 1.0-3.0 0.60 

Bermuda   

 - for hay 1.0-1.5 0.55 

 - Spring crop for seed 1.0-1.5 0.60 

Clover hay, Berseem 0.6-0.9 0.50 

Rye Grass hay 0.6-1.0 0.60 

Sudan Grass hay (annual) 1.0-1.5 0.55 

Grazing Pasture   

 - Rotated Grazing 0.5-1.5 0.60 

 - Extensive Grazing 0.5-1.5 0.60 

Turf grass   

 - cool season 5 0.5-1.0 0.40 

 - warm season 5 0.5-1.0 0.50 

k. Sugar Cane 1.2-2.0 0.65 

l. Tropical Fruits and Trees 

Banana   

 - 1st year 0.5-0.9 0.35 

 - 2nd year 0.5-0.9 0.35 

Cacao 0.7-1.0 0.30 

Coffee 0.9-1.5 0.40 

Date Palms 1.5-2.5 0.50 

Palm Trees 0.7-1.1 0.65 

Pineapple 0.3-0.6 0.50 

Rubber Trees 1.0-1.5 0.40 

Tea   

 - non-shaded 0.9-1.5 0.40 

 - shaded 0.9-1.5 0.45 

m. Grapes and Berries 

Berries (bushes) 0.6-1.2 0.50 

Grapes   

 - Table or Raisin 1.0-2.0 0.35 

 - Wine 1.0-2.0 0.45 

Hops 1.0-1.2 0.50 

n. Fruit Trees 

Almonds 1.0-2.0 0.40 

Apples, Cherries, Pears 1.0-2.0 0.50 

Apricots, Peaches, Stone Fruit 1.0-2.0 0.50 

Avocado 0.5-1.0 0.70 

Citrus   

 - 70% canopy 1.2-1.5 0.50 

 - 50% canopy 1.1-1.5 0.50 

 - 20% canopy 0.8-1.1 0.50 

Conifer Trees 1.0-1.5 0.70 

Kiwi 0.7-1.3 0.35 
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Olives (40 to 60% ground coverage by 
canopy) 

1.2-1.7 0.65 

Pistachios 1.0-1.5 0.40 

Walnut Orchard 1.7-2.4 0.50 
 

 

1 The larger values for Zr are for soils having no significant layering or other characteristics that can restrict 

rooting depth. The smaller values for Zr may be used for irrigation scheduling and the larger values for 
modeling soil water stress or for rainfed conditions. 

2 The values for p apply for ETc  5 mm/day. The value for p can be adjusted for different ETc according to 

p = p table 22 + 0.04 (5 - ETc) 

where p is expressed as a fraction and ETc as mm/day. 

3 Sugar beets often experience late afternoon wilting in arid climates even at p < 0.55, with usually only 
minor impact on sugar yield. 

4 The value for p for rice is 0.20 of saturation. 

5 Cool season grass varieties include bluegrass, ryegrass and fescue. Warm season varieties include 
bermuda grass, buffalo grass and St. Augustine grass. Grasses are variable in rooting depth. Some root 
below 1.2 m while others have shallow rooting depths. The deeper rooting depths for grasses represent 
conditions where careful water management is practiced with higher depletion between irrigations to 
encourage the deeper root exploration 


