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ABSTRACT 

An irrigation scheme has been proposed for the Ngatarawa region 

of the Heretaunga Plains (Hawkes Bay). The method proposed for 

irrigation of these soils is the border-dyke method. It was felt that 

this method could be inefficient in the use of water and considerable 

amounts of water could be lost to drainage from some of the soils in 

this region. Thus experiments were performed on the four major soil 

types of this region - Poporangi sandy loam (Typic Durochrept), Ngatarawa 

sandy loam (Typic Ustorthent), Takapau sandy loam (Andri Ustochrept), 

and Pakowhai silt loam (Aquic Ustifluvent) - to determine their 

hydraulic properties. 

The instantaneous profile method was used to measure the drainage, 

and water storage behaviour of these soils, and their hydra~lic 

conductivity. Hydraulic conductivity could riot be calculit~d for the 

Poporangi sandy loam, due to the duripan causing lateral flow. This 

invalidated the assumption that the movement cf water was only vertical. 

For one other soil, Ngatarawa sandy loam, the hydraulic conductivity 

data obtained were considered to be unreliable. Reliable hydraulic 

conductivity data were obtained for Takapau sandy loam and Pakowhai 

silt loam. From data obtained from "undisturbed cores" and the 

field experiments, the drainage behaviour and water storage properties 

were determined for all four soils. 

Using a numerical technique , vertical movement of water in Takapau 

sandy loam and PakO\vhai silt loam, during and fol lowing ponclcd 

infi 1 tration, was simulated using a CSMP computer model. These 

simulations indicate that the loss of water to through drainage from 

Takapau sandy loam would be at least 50% of that infiltrated, if the 

proposed residence time for ponding of water of 70 minutes is used. For 

Pakowhai silt loam the simulations indicate that little water is likely to 
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be lost to drainage if a residence time of 120 minutes is used. As 

hysteresis in the volumetric water content/pressure potential relation

ship is likely to affect the validity of these simulations, the extent 

of hysteresis on this relationship in these soils was investigated. 

From all of these data it was concluded that only the Pakowhai 

silt loam would be suitable for irrigation by the border-dyke method. 

If this method was used on the other soils, large amounts of water 

could be lost to drainage . This would not only be a waste of a scarce 

resource, but as the Ngatarawa region lies over the unconfined part 

of the aquifer from which Napier and Hastings cities draw their water, 

it could also be a health hazard, as the drainag~ water from these soils 

could cause the nitrate level in the water in this aquifer to increase. 

Thus it would be better to irrigate the other three soils (Poporangi 

sandy l oam, Ngatarawa sandy loam and Takapau sandy loam) using a 

sprinkl er system. The application rate of the sprinkler system should 

be less than the saturated hydraulic conductivity of the A horizon of 

the soil, otherwise horizontal di stribution of the amount of water 

infiltrating into the soil can be very uneven. 



ACKNOWLEDGMENTS 

The experimental work in the field was conducted jointly by 

Mr J.P.C.Watt and myself. Assistance, which was much appreciated 

was provided by Miss P. Guerin, Messrs G.W. Sayers, A.J. Unsworth, 

E. Griffiths, B.R. Purdie, J.P.C. Watt, and Dr R.J. Jackson. 

I would like to thank - Messrs D.R. Twigg, R. Sowersby, T.C. Thompson 

and especially J.B. Talbot who gave permission for these experiments 

to be perfo~med on their properties; Mrs N. McLean for typing this 

thesis; the State Services Commission for providing a grant, and 

Dr R.B. Miller for allowing me study leave to do this degree . Useful 

discussions about this work were provided by Messrs E. Griffiths, 

J.P.C. Watt and Ors R.J. Jackson, K.G. McNaughton and D.R. Scatter. 

The f riendly atmosphere of the Soils Department at Massey and 

iv 

especia lly the other inmates in TVL was appreciated. I would 

especia lly like to thank Dr D.R. Scatter for his advice and encourage

ment during this study, and my wife Polly for help with editing, English, 

and motivation. 



Abstract 
Acknqwledgments 
List of Tables 
List of Figures 

TABLE OF CONTENTS 

Chapter 1. Introduction 
1.1 Aim of study 
1.2 Describing water movement in soil 
1.3 Measuring unsaturated hydraulic conductivity 

Chapter 2. Methods 
2.1 Procedure 

2.1.1 Plot layout 
2.1.2 Instrumentation 
2. 1. 3' Wetting 
2 .1. 4 Drainage 
2.1.5 Sampling for 11 undisturbed 11 soil cores 

2.2 Calculations for hydraulic conductivity 
2.2.1 Theory 
2.2.2 Flux density 
2.2.3 Hydraulic gradient 
2.2.4 Hydraulic conductivity 
2.2.5 Available-water holding capacity 
2.2.6 Macro- porosity 

2.3 Prediction of water movement in soil 
2.3.1 Quasi-analytical solutions 
2.3.2 Numerical solutions 
2.3.3 The computer simulation model 

Chapter 3 Results and Discussion 
3.1 Poporangi sandy loam 
3.2 Ngatarawa sandy loam 
3.3 Takapau sandy loam 

3.3.1 Computer simulations 
3.4 Pa kowhai silt loam 

3.4.1 Computer simulations 
Chapter 4. Summary and Conclusions 

4.1 The instantaneous profile method 
4.2 Storage characteristics 
4.3 Horizon homogeneity 
4.4 Irrigation methods 

4.4.1 Poporangi sandy loam 
4.4 . 2 Ngatarawa sandy loam 
4.4.3 Takapau sandy loam 
4.4.4 Pakowhai silt loam 

4.5 Groundwater quality 
4.6 Computer simulation model 

References · . 
Appendix I: Soil descriptions 

II: Hysteresis experiments 
III: Computer program for simulation of 

water dynamics 
IV: Irrigation of Takapau sandy loam using 

a "big gun 11 irrigator 

V 

Page 

ii 
iv 
vi 
viii 
1 
1 
2 
3 
5 
5 
5 
5 

! ) 8 
8 
8 

10 
10 
11 
14 
15 
15 
16 
16 
17 
19 
20 
26 
26 
37 
49 
61 
78 

-- 90 
106 
106 
108 
108 
109 
109 
110 
110 
110 
111 
111 
112 
118 
128 
134 

140 



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

LIST OF TABLES 

Comparison of available water capacity calculated 

using experimental and laboratory estimates of 

"field capacity" for Poporangi sandy loam 

Comparison of available water capacity calculated 

using experimental and laboratory estimates of 

"field capacity" for Ngatarawa sandy loam 

Comparison of available water capacity calculated 

using experimental and laboratory estimates of 

"field capacity" for Takapau sandy loam 

Simulated cumulative infiltration and drainage 

of water in Takapau sandy loam during infiltration 

and redistribution. The soil was at an initial 

pressure potential of -10 rn 

Simulated cumulative infiltration and drainage 

of water in Takapau sandy loam during infiltration 

and redistribution. The soil was at an initial 

pressure potential of -154 rn 

Comparison of pressure potential of each layer of 

Pakowhai silt loam after 3 days of drainage with 

the pressure potential corresponding to a hydraulic 

conductivity of lx10- 8m s- 1 

Comparison of available water capacity calculated 

using experimental and laboratory estimates of 

"field capacity" for Pakowhai silt loam 

Page 

31 

46 

60 

67 

68 

86 

91 

Vi 



Table 8 

Table 9 

Table 10 

Table 11 

Table 12 

Table 13 

Simulated cumulative infiltration and drainage of 

water in Pakowhai silt loam during infiltration and 

redistribution. The soil was at an initial pressure 

potential of -10 m 

Simulated cumulative infiltration and drainage 

of water in Pakowhai silt loam> during infiltration 

and redistribution. The soil was at an initial 

pressure potential of -154 m 

Summary of some of the soil water properties of 

soils in this study 

Comparison of the volumetric water content of a 

pressure potential of -0.5 m7 reached by draining 

or wetting the soil 

Hysteresis model computer program listing 

Listing of the computer program used to simulate 

soil water dynamics 

Page 

94 

95 

107 

129 

131 

135 

vii 



Fig.1 

Fig.2 

Fig.3 

Fig.4 

Fig.5 

Fig.6 

Fig.7 

Fig.8 

Fig.9 

Fig.10 

Fig.11 

Fig.12 

Fig.13 

LIST OF FIGURES 

Sketch of plot construction 

Photograph of a typical plot 

Photograph showing the plot cover and end panels 

Sketch of the tensiometer manometer system 

Typical WI; against log 10 (time) data 

The scheme used in the computer model 

Pressure potential profiles at various times, 

during drainage of plot 011 of Poporangi sandy loam 

Pressure potential profiles at various times, 

during drainage of plot 020 of Poporangi sandy loam 

Volumetric water content (0) against pressure 

potential for horizons of plot 011 of 

Poporangi sandy loam 

Volumetric water content (0) against pressure 

potential for horizons of plot 020 of 

Poporangi sandy loam 

Partial volume of the soil occupied by water at 

various pressure potentials, the total porosity, 

depth -and texture; of each horizon of plot 011 of 

Poporangi sandy loam 

Partial volume of the soil occupied by water at 

various pressure potentials, the total porosity, 

depth, and texture, of each horizon of plot 020 

of Poporangi sandy loam 

Pressure potential profiles at various times during 

drainage of plot 007 of Ngatarawa sandy loam 

Page 

6 

7 

9 

12 

13 

21 

28 

29 

32 

33 

34 

35 

38 

viii 



Fig.14 

Fig.15 

Fig.16 

Fig.17 

Fig.18 

Fig.19 

Fig. 20 

Fig.21 

Fig.22 

Fig.23 

Pressure potential profiles at various times during 

drainage of plot 008 of Ngatarawa sandy loam 

Hydraulic conductivity against volumetric water 

content for layers of Ngatarawa sandy loam 

Volumetric water content against pressure potential 

for layers of plot 007 of Ngatarawa sandy loam 

Volumetric water content against pressure potential 

for layers of plot 008 of Ngatarawa sandy loam 

Hydraulic conductivity against pressure potential 

for·layers of Ngatarawa sandy loam 

Partial volume of the soil occupied by water at 

various pressure potentials, the total porosity, 

depth and texture , of each layer of plot 007 of 

Ngatarawa sandy loam 

Partial volume of the soil occupied by water at 

various pre ssure potentia ls, the total porosity, 

depth and texture, of each l ayer of plot 008 of 

Ngatarawa s andy loam 

Partial volume of the soil occupied by water at 

var ious pressure potentia ls, the total porosity, 

depth and texture, of each horizon of plot 010 

of Takapau sandy loam 

Partial volume of the so i l occupied by water at 

various pressure potentia ls, the total porosity, 

depth and t exture, of each horizon of plot 021 

of Takapau sandy loam 

Pressure potential profi les at various times 

during dr a inage of plot 010 of Takapau sandy loam 

Page 

39 

40 

42 

43 

44 

47 

48 

so 

51 

52 

ix 



Fig.24 

Fig.25 

Fig.26 

Fig.27 

Fig.28 

Fig.29 

Fig.30 

Fig.31 

Fig.32 

Fig.33 

Pressure potential profiles at various times 

during drainage of plot 021 of Takapau sandy loam 

Hydraulic conductivity against volumetric water 

content for horizons of Takapau sandy loam 

Hydraulic conductivity against pressure potential 

for horizons of Takapau sandy loam 

Volumetric water content against pressure potential 

for horizons of plot ·010 of Takapau sandy loam 

Volumetric water content against pressure potential 

for horizons of plot 021 of Takapau sandy loam 

Simulated and experimental pressure potential 

profiles at various times during drainage of 

Takapau sandy l oam 

Simulated and experimental cumulative dra inage 

(beyond 0.45 m) against time for Takapau s andy loam 

Simui at ed wetting fronts, calculated using flux

concentration and numerical methods, at v arious 

times during ponded infiltration of water i nto 

Takapau sandy loam. 

Simulated cwnulative infiltration, calculated using 

flux-concentration and numer.ical methods~ against 

time for ponded infiltration into Takapau sandy loam 

Volumetric water content pr ofiles at various times 

during simulated ponded i nfiltration of water into 

Takapau sandy loam, i ni t ially at a press ure 

potential of -10 m 

Page 

53 

54 

56 

57 

58 

62 

63 

64 

65 

69 

X 



Fig. 34 

Fig. 35 

Fig. 36 

Fig. 37 

Fig. 38 

Fig. 39 

Fig. 40 

Fig. 41 

Fig. 42 

Fig. 43 

Fig. 44 

Fig. 45 

Volumetric water content profiles at various times 

during simulated ponded infiltration of water into 

Takapau sandy loam, initially at a pressure 

potential of -154 m 

Simulated redistribution of water within Takapau 

sandy loam following simulated ponded infiltration 

Simulated redistribution of water within Takapau 

sandy loam following simulated ponded infiltration 

Simulated redistribution of water within Takapau 

sandy loam following simulated ponded infiltration 

Simulated redistribution of water within Takapau 

sandy loam following simulated ponded infiltration 

Simulated redistribution of water within Takapau 

sandy loam following simulated ponded infiltration 

Simulated redistribution of water within Takapau 

sandy loam following simulated ponded infiltration 

Simulated drainage rate (beyond 0.45 m) against 

time for Takapau sandy loam, for a constant 

daily evapotranspiration rate 

Pressure potential profiles at various times 

during drainage of plot 017 of Pakowhai silt loam 

Pressure potential profiles at various times 

during drainage of plot 018 of Pakowhai silt loam 

Hydraulic conductivity against volumetric water 

content and pressure potential for A and B layers 

of Pakowhai silt loam. 

Hydraulic conductivity against volumetric water 

content and pressure potential for C and D layers 

of Pakowhai silt loam 

Page 

70 

71 

72 

73 

74 

75 

76 

77 

79 

80 

81 

82 

xi 

. I 



Fig.46 

Fig.47 

Fig.48 

Fig.49a 

Fig.49b 

Fig.SO 

Fig.51 

Fig.52 

Fig. 53 

Fig.54 

Fig.SS 

Hydraulic conductivity against volumetric water 

content and pressure potential for E and Flayers 

of Pakowhai silt loam 

Hydraulic conductivity against volumetric water 

content for G, Hand I layers of Pakowhai silt loam 

Hydraulic conductivity against pressure potential 

for G, Hand I layers of Pakowhai silt loam 

Volumetric water content against pressure potential 

for A, Band C layers of Pakowhai silt loam 

Volumetric water content against pressure potential 

for D, E and Flayers of Pakowhai silt loam 

Partial volume of soil occupied by water at various 

pressure potentials, the total porosity, depth 

and texture of each layer of Pakowhai silt loam 

Simulated and experimental pressure potential 

profiles at various times during drainage of 

Pakowhai silt loam 

Simulated and experimenta l cumulative drainage 

(beyond 1 m) against time for Pakowhai silt loam 

Volumetric water content profiles at various times · 

during simulated ponded infiltration of water into 

Pakowhai silt loam, initially at a pressure potential 

of -10 m 

Volumetric water conte~t profiles at various times 

during simualted ponded infiltration of water into 

Pakowhai silt loam, initially at a pressure potential 

of -154 rn 

Simulated redistribution of water within Pakowhai 

silt loam following sirnualted ponded infiltration 

Page 

83 

84 

87 

88 

89 

92 

96 

97 

98 

99 

100 

X11 



Fig.56 

Fig. 57 

Fig.SS 

Fig.59 

Fig.60 

Fig.61 

Fig.62 

Fig.63 

Fig.64 

Simulated redistribution of water within Pakowhai 

silt loam following simulated ponded infiltration 

Simulated redistribution of water within Pakowhai 

silt loam following simulated ponded infiltration 

Simulated redistribution of water within Pakowhai 

silt loam following simulated ponded infiltration 

Simulated redistribution of water within Pakowhai 

silt loam following simulated ponded infiltration 

Simulated redistribution of water within Pakowhai 

silt loam following simulated ponded infiltration 

Comparison of depth and thickness of layers 

Pakowhai silt loam, at the pit and the two plots 

Comparison of volumetri: w_ter content profiles 

during infiltration calculated using the hysteresis 

model and wetting and draining retentivity curves 

A photograph of the "big gun" irrigator and 

experimental site 

Comparison of water applied to that infiltrated 

during irrigation with a "big gun" irrigator 

Page 

101 

102 

103 

104 

105 

126 

132 

141 

143 




