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Partial Rootzone Drying 
Who is being tricked?
The question on whether placed ir-
rigation can manipulate hormonal
changes, so that irrigation water
can be saved with only minor yield
losses, has been discussed for 
quite a while. An experiment is
being conducted by the University
of Hohenheim in Thailand to cla-
rify whether the plant can be
tricked by employing Partial Root-
zone Drying (PRD), or whether the
effect is only controlled deficit irri-
gation (CDI) and placed irrigation
is a useless effort.
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Under PRD - irrigation the plant’s root-
zone is split in two parts which are al-

ternately irrigated in an interval of ten to fif-
teen days, while the other side dries out. Ac-
cording to theory the plant-stress hormone
abscisic acid (ABA) is produced in the root’s
dry part which makes the plant reduce its wa-
ter loss through transpiration by closing its
stomata. It is claimed that the thereby re-
duced photosynthesis has a minor negative
effect on fruit development as water can be
taken up through the moist part of the root.
However, vegetative growth should be clear-
ly hampered. Thereby yield decline is minor
and as a consequence water use efficiency
increases considerably. A useful side effect:
During the time the plant suffers drought
stress, biomass production which needs to be
pruned is reduced [1]. 

Experiments to back this theory are plen-
tiful, however, the plant’s hormonal balance
is not completely understood. There is also a
number of studies supporting the assump-
tion that the effect leading to an increased
water-use efficiency is mainly based on the
plant response to drought stress, which is the
same under placed and non-placed deficit ir-
rigation [2, 3].

PRD in Mango - experimental setup

The University of Hohenheim conducts  a
comparative experiment in Thailand. (Loca-
tion: Mae Jo: about 30 km north of Chiang
Mai, 18.5° N, 98.5° E, 350 m a.s.l.) On the
experimental plot there are 350 nine years
old mango trees (Mangifera indica L., va-
riety Choak Anan) on 0,56 ha, planted in a
4•4 m pattern. The research question is
whether a difference between PRD and con-
trolled deficit irrigation (CDI) really exists.
Due to its high tolerance to drought stress,
mango is especially appropriate for this in-
vestigation [4].

As a natural reaction to the periodical un-
dersupply of water during the dry season
(November until May) this tree-crop closes
its stomata and thereby reduces water con-
sumption. This natural effect should be arti-
ficially enhanced by PRD-irrigation. 

On the experimental plot stress symptoms
and yield have been controlled in four diffe-
rent irrigation-treatments: control with suffi-
cient irrigation (Con), controlled deficit irri-
gation (CDI), partial rootzone drying (PRD)
and a non-irrigated control (0V). 

In the treatments Con and CDI irrigation
water was applied by use of NETAFIM Su-
perjet50 micro sprinklers, which have a
flow-rate of 50 l/h and throwing width of
1.5m. The sprinklers are pressure compen-
sated; therefore a high distribution uniformi-
ty is guaranteed. For every tree one sprinkler
had been installed. The PRD treated trees 
have been equipped with six drippers NE-
TAFIM JR8. These emitters are also pressure
compensated. The flow-rate of a single drip-
per is 8 l/h. Consequently during the same
application time the PRD plots received ap-
proximately half of the irrigation water as
the rest of the irrigated plots. 

The main line on the field is a 2 inch PE-
pipe (50mm), the laterals are 16mm PE-pi-
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Table 1: Econo-
mic parameters
of the irrigated

treatments in
the experiment

Treatment spec. cost Pressure irrigation Yield Water use 
( /tree) (bar) mm (m3/tree) per tree (kg) efficiency

Con 1,08 1,5 270 4,32 12,78 2,96
CDI 1,08 1,5 135 2,16 9,19 4,26
PRD 1,05 0,7 130 2,08 12,26 5,89
Table 2: Yield
and size classes

Treat- Yield per size class in g
ment tree (kg) >500 401-500 301-400 251-300 201-250 <200
Con 12,78 8,5% 22,1% 44,3% 13,7% 9,4% 2,1%
PRD 12,26 9,1% 23,4% 49,7% 10,4% 5,3% 2,2%
CDI 9,19 8,0% 25,2% 38,9% 14,1% 11,3% 2,5%
0V 5,78 13,7% 23,3% 26,7% 13,8% 16,9% 5,5%
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pes of up to 50m length, which can be sepa-
rately closed by manual valves. Water is sup-
plied from a storage basin, about 12m higher
and 3km away from the field through a
4inch PP-pipe (100mm). For generation of
the pressure required for operation of the
sprinklers, a single stage centrifugal pump
ARENO HS2FL with a 4 kW electro motor
has been used. To calculate the specific costs
of the irrigation treatments, the costs for la-
terals, (pipes and flanges) emitters and val-
ves in the case of PRD-irrigation have been
considered (table 1). 

Optimal irrigation quantity has been de-
termined based on the Penman-Monteith
equation for Evapotranspiration. For calcu-
lation the computer code CROPWAT was
used, which is provided by FAO [5]. The re-
ference evapotranspiration (ET0) during the
irrigation period varied between 3.9 and
5.6mm/d, leading to an irrigation require-
ment of between 2.7 and 3.3mm/d. At the de-
ficit irrigated plots application time was re-
duced by the half. The sloped field with its
high stone-content (70%) has a very low wa-
ter holding capacity. Therefore irrigation
took place three times a week to keep inter-
vals between irrigation events short.

Drought stress

In order to investigate drought stress sym-
ptoms in the PRD treatment the stomatal re-
sistance in the course of the day has been
measured. A transportable Porometer AP4
(Delta T) has been used for that task. This de-
vice measures the increase in humidity with-
in a measuring cup and correlates this value
to the stomatal resistance. Measurements
were carried out in regular intervals during
the month of April when the highest tempe-
ratures were reached towards the end of the
dry season before occurrence of the first rain
falls. In half-an-hour intervals five leaves per
tree have been examined in each orientation
(N, S, E, W). The resulting curves have been
analysed on drought stress. 

During the dry season stomatal resistance
was higher in all treatments (also in the irri-
gated ones) than  during the rainy season. 
Especially in the afternoon hours stomata
close more due to high irradiation and tem-
perature. This reaction could not be observed
in the PRD treatment. Consequently it could
not be proved that by PRD an additional
drought stress was induced. There is eviden-
ce for the assumption that irrigation water
was more efficiently used than when  it was
applied by drippers (Fig. 1).

Harvest

At harvest the fruit weight as well as the
average number of fruits per tree have been
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measured. All mango fruits have been classi-
fied according to size classes as recommen-
ded by the Ministry of Agriculture of Thai-
land. The yield in the PRD treatment did not
show significant differences to the comple-
tely irrigated control, while the CDI treat-
ment had a much lower yield. Regarding 
size class distribution CDI and 0V treatment
turned out to produce a high amount of fruit
which are not useful but for processing
(<300g). The relatively high share of fruits
in the uppermost size class of the 0-treat-
ment can be explained by the fact that some
trees suffering drought stress dropped some
of their fruits. The absolute number of big
fruits is however lower than under full irri-
gation and PRD (table 2).

The water-use efficiency was calculated as
a relation between yield and volume of ap-
plied water [6]. As in both treatments PRD
and CDI only half of the irrigation water has
been applied, water-use efficiency in those
treatments was high (table 1). The conse-
quent yield loss in the deficit irrigated treat-
ment would hardly be acceptable for a far-
mer, while yield as well as the share of mar-
ketable fruits in the PRD treatment differed
little from the well irrigated control. 

Conclusion

In this experiment it was not possible to
show that by use of PRD an additional
drought stress can be induced. However, si-
milar to previous experiments, a far higher
water-use efficiency was measured, without
significant yield loss, as obtained under de-
ficit irrigation. The clear differences in yield
can hardly be explained by an altered reac-
tion to drought stress of the trees. It can be
rather assumed that due to an interaction of
a quicker infiltration into the dry soil and a
direct application of irrigation water by drip-
pers the irrigation efficiency was increased. 

As a practical conclusion it can be stated
that if water availability is a limiting factor
of production, PRD can be an interesting al-
ternative for a drought stress tolerant crop
such as mango. The partly extreme increase
in water-use efficiency can justify the appli-
cation of PRD, even though presently there is
the need for more research about the plant
physiological basics for the functioning of
the method. 

As compared to a simple drip irrigation,
higher costs are produced only due to regu-
lating valves and the increased logistics. In
comparison to an irrigation system with
micro-sprinklers higher costs for pipes are
mainly compensated by the lower costs of
the emitters, making that only the higher ex-
pense for maintenance comes into the ac-
count. The lower pressure requirement for
the drippers can play an important role for
the decision. 

Apart from plant response to drought
stress the influence of application methods
of irrigation water has to be examined, as low
evaporation losses, enhanced by a higher in-
filtration rate of the dry soil, might be a main
cause for the difference between the tested
methods. An intensive research on the influ-
ence of irrigation techniques on the success
of deficit irrigation will be in the foreground
of our further experiments. 
Fig. 1: Stomatal resistance in the treatments 0V and PRD during the irrigation period and after start of
the rainy season 
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