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CHaPTER |

INTRODUCTION

1 — GENERAL

High wind is the characteristic feature of the plains regions of the world. Most of the
great plains of the world lack vegetation cover. Consequently this gives rise to various
types of problems. Naturally, the wind erosion becomes a necessary feature of this area.
The silting of irrigation and drainage canals and the increase in the rate of evaporation of
soil moisture are very closely associated with the high winds character of the region. The
lack of vegetation does not only add to the effectiveness of high winds in relation to wind
erosion, but it also gives birth to the problems of the shortage of timber and fuelwood.

The high wind which is a principal cause involved blows away much material from
some bare soils, and the wind itself becomes a dust storm, The soil material thus blown
drifts across the land, forming dunes, filling up hollows, and drifting against farm build-
ings and hedges. The effects of wind erosion are more plainly seen in the accumulation
of transported material. Wind erosion at present is principally active in desert and semi-
desert regions of the world. Since only the finest particles are liable to be transported by
wind, it frequently happens that a sorting out occurs whereby the fine material is removed
and stones remain behind as ‘desert pavement’. Modernization of agricultural practices
in the arid and semi-arid regions without proper considerations could also contribute to
wind erosion. For instance, the tractor which is regarded as the indicator of ‘progress’
could become one of the major contributors to wind erosion. The steel plowshares of
the tractors have the effect of thinning out the soil and crumbling it to a fine dust, easy
prey for the triumphant wind to drive it in great whirling clouds over the semi-sown and
semi-desert spaces.

In addition to the lowering of the productivity of soil, however, in some parts of the
world the problem of wind erosion is intensified because of the silting of irrigation and
drainage canals. For instance, West Pakistan has some of the world’s greatest water-
diversion structures and canal systems, the dredging of these silted canals involves high
expenditure. High dredging costs hinder the development activities of the country.

In many parts of the world, there is a scarcity of water. Hence the conservation of soil
moisture is very important for the cultivation of land. The hot winds increase evaporation
and thus reduce soil moisture,

There are many methods by which the damage caused by wind may be lessened. Shel-
terbelts offer an excellent method by which wind erosion and other problems related to
wind damage can be solved. A shelterbelt is a wind barrier of living trees and shrubs
maintained for the purpose of protecting farm fields from wind. It consists of three to
twenty rows of trees and shrubs. *Windbreak’ 1s another term which is used. A windbreak
is also a wind barrier of living trees and shrubs, maintained for the purpose of protecting
the farm home, other buildings, garden, orchard or feedlots. Moreover, windbreaks are
narrow strips consisting of only one or two rows of trees.

The major advantage of a shelterbeit is that it retards wind velocity which in turn
brings about many beneficial results. Wind erosion and silting of canals are reduced.
Soil moisture is increased. The shelterbelts also provide protection to man and livestock
from cold winds of winter and hot winds of summer. Besides the above benefits, the
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shelterbelts also provide fuelwood and timber for the use of farmers. Thus shelterbelts
not only provide one of the possible solutions to wind erosion and irrigation canal silting
problems, but also provide the possible solution to the problem of fuelwood scarcity and
timber shortages of the country.

West Pakistan and the other similar countries of the world are agricultural countries
and their economies are dependent largely on their agricultural resources, Wind erosion
is not only destroying large areas of the land, but is also reducing its productivity. Thus

- for the protection of these countries’ agricultural resources, it is a necessity that a pro-
gramme for the establishment of shelterbelts should be carried out.

In the Netherlands and some other countries of Western Europe, some farmers had
cut existing shelterbelts from their farms and others have the same trend. 'T'he major
reason is that the farmer could not see a direct increase in the yield of his crops. It is
generally known that the shelterbelts contribute to the increase of the yield of horticul-
tural and agricultural crops. But the farmers are doubtful about it. For protecting the
shelterbelts to be destroyed by the farmers in the Netherlands and Western Europe, 2
research programme is needed for determining the influence of wind protection on the
development and yield of crops. Furthermore, research is needed to determine the factors
influenced by wind protection and responsible for the increass of crop yields. Obvigusly,
there is need to find out the causes which destroy the anticipated increase in the yield
of crops.

There are also problems relating to shelterbelt designs. Contravening theories make it
very difficult to determine which is the optimum design for the establishment of shelter-
belts. A research is needed which could bring forward the protective efficiencies of the
different types of shelterbelts. Finally, a study is needed which could bring forward the
various aspects of planning, maintenance, and administration of shelterbelts. This will
result in creating more interest among the various agencies and the Governments of some
countries to develop shelterbelts for the wind protection purposes.

2 — PURPOSE AND SCOPE OF THE PRESENT STUDY

Shelterbelts have been used successfully in some regions of the world to overcome the
problems caused by high winds. Thus far the most extensive shelterbelt programmes have
been carried out by the United States of America and the Unien of Soviet Socialist
Republics. Although the advantages of the shelterbelts are known, there is dissatis-
faction among farmers because of the shelterbelts disadvantages of root competition and
shading, as well as decrease in the yield caused by devoting a part of the field crop area
to shelterbelts, This resulted in the disfavourable attitude of the farmers for the establish-
ment of shelterbelts.

The purpose of the present research is to present an analysis which should at least
yield a guide for clearing the misconceptions of the farmers in the Western European
countries, regarding the shelterbelts. The research and studies on wind protection are
divided into two parts.

The first part deals with the shelter influences. The various advantages and disadvan-
tages are reviewed with respect to wind protection. The research for determining the
influence of protection from wind on the development and the yield of crops will be
carried out in the fields as well as in the laboratories. A wind tunnel will also be con-
structed for conducting the research in a controlled environment. Experiments will be
conducted seperately with the different basic factors which contribute to the higher yield
of crops.
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The second part deals with the shelterbelts themselves. The research will be carried
out for determining the optimurm design of shelterbelt for providing protection from wind.
This research will be carried out by means of shelterbelt models in the wind tunnel. This
study will bring forward an analysis for planning a shelterbelt project. The major phases
of the shelterbelt maintenance will be discussed. Finally, an effort will be made to outline
the major aspects for administrating the shelterbelt programme. The study of the litera-
ture will be limited in nature, because VAN DER LINDE and WoUDENBERG (138), and Snan
(196) have already reviewed the literature regarding the shelterbelt influences and their
establishment critically.

This research will be carried out according to the climatic and topographic conditions
in the Netherlands, The results from the experiments in this research could be used
directly in this country. But for applying the findings from this research, in other
countries, necessary modifications are needed according to the climatical, topographical,
and other local conditions,

The Netherlands is situated in the temperate zone (50.5°-53.5° N) and enjoys a sea
climate, that is to say it has moderate winters and cool summers, partly through the effects
of the North Atlantic drift, The prevailing western and southwestern winds bring plenty
of rain throughout the year. Agriculture and sea-going shipping benefit from this climate
i.e. the large parts are permanently ice free. T'wo fifths of the Netherlands lies below
sea level, rendered inhabitable only by a long established system of dunes and dikes
against the perpetual attacks of the sea.



PART ONE - WIND EFFECTS AND PROTECTION
CHAPTER 11

SHELTER INFLUENCES

The importance of shelter from wind should not be underestimated. It is one of the
most important factors which contributes to the well-being of man, livestock and plants.
The shelter could be obtained by constructing non-living artificial structures e.g. by
building walls, etc. or from living structures e.g. by shelterbelts or windbreaks. The
main effect of a wind barrier is that it retards wind velocity which brings about many
beneficial and only a few harmful effects.

1 — ADVANTAGES OF SHELTER
The important advantages from the shelter are discussed as below:

1.1 — Retardation of wind welocity

According to studies by Bares (18), Van per Linne and Woubpenaere (138), Munns
(159), Suan (198), Sms (205) and Trenk (227), the main and primary effect of a wind
barrier is the retardation of the velocity of wind, which in turn produces changes in all
the meteorological factors. Their studies of wind action in relation to wind barriers have
shown that wind blowing directly against a living wind barrier, i.e. a shelterbelt, is
diverted into one of three channels. A large part of it is deflected upwards, some of it
sifts through the leaves of the trees and some passes directly under the lower branches
of the trees. It has further been observed that the more flexible the trees are, the greater
will be the amount of wind deflected upwards. Naturally the force of the wind which
filters through the leaves of the shelterbelt trees is decidedly broken up, while that
which passes under the lower branches of the trees is reduced in velocity through the
friction with the surface of the ground. In consequence, on the leeward side of the
shelterbelt there is a mass of more or less calm air. This air becomes disturbed by the
rapidly moving current of air at the elevation of the tree tops, a disturbance that takes
the form of a vertical circular of rolling motion commonly known as ‘eddy’ (196). The
distance from the windbreak leeward in which this motion is set up is comparatively
very short and also largely depends on the design of the shelterbalt itself. This may be
attested by the narrow belt of snow which formns in drifts on the leeward of windbreaks.

The studies conducted by Aransiev (10}, Bates (23), Cuexey (57), FLoyD (89), Miro-
nov and SvaL’Eva (134), SneesBy (211), TELEsEC (223), WILLIAMS (249), pointed out
that shelterbelts stop most of the wind erosion. One of the most harmful effects of wind
erosion and one that is frequently overlooked is the removal of fine particles from the
soil. The finer soil portions which result from weathering of rock particles and from
decay of vegetable matter are sifted out and carried away whenever wind movement
occurs. This leaves behind the coarser and heavier particles that are of the least agri-
cultural value. When blowing is allowed to continue, the condition of soil cannot be
improved since the fine particles cannot be accumulated.
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1.2 - Conservation of soil moisture

The studies carried out by AsLyne (17), Bares (23), Bobrorr (36), Bupyko and
Pagosjan (41), Casorn (43), Carper (50}, CatriNa (51}, Daurov (63), GLoYNE (99),
GReeN (104), JewsEx (120), Van per LINDE and WouUDENBERG (138), Lunez (141),
NigeL1 (162), PanriLov (171), Stap (188), SmiprcHiNsky (201), SmoLik (210), STAPLE
and Lenane (213), Tamate (220), Tonorov and Braskova (225), Woonrurr (254)
showed low evaporation under the protected area of the shelterbelt.

The evaporation of water from any wet surface and also the transpiration of moisture
from the leaves of plants is accelerated by three conditions — heat, relative humidity, and
rapid air circulation. Hence the shelterbelts which reduce the velocity of the air also
reduce the rate of evaporation. This results in an appreciable saving of the moisture
supply. Thus it is the source of greatest benefit since in the region where shelterbelts
find their greatest usefulness, moisture is almost always insufficient for the best inter-
ests of agriculture.

Shelterbelts may be built up as screens around dams and canals to prevent silting and
to maintain water volume,

1.3 ~ Increasing crop vields

Bartes (24), Van Rnuee (182), Rance and ObeLL (186), STEwaRT (215), Zon (262)
showed that shelterbelts increase the output of crops. For example, the yield of wheat in
the prairie region increased as much as 10 to 209, cotton fiber yields increased 129,
and the yield of forage crops increased by 36%,. Van RuEg’s (182) experiments showed
45%, and 162%, increase in the yield of apples and pears respectively under the protec-
tion of the windbreak. CHEYNEY (57) reported that the growth of a large number of trees
was also accelerated, especially in height, due to retardation in wind velocity. The exist-
ing experiments on the increase of crop yields under the protection of the shelterbelts
gave no clear clarification, that how and why the increase in crop yields took place,
consequently the doubts of the farmers regarding the shelterbelts came in.

1.4 — Increase of fertility of saline soils

ZEMLSANICKI] (259) concluded from his experiments that the shelterbelts increase the
fertility of saline soils. The fallen leaves, branches, etc. played an important part in
improving the soil conditions. The leaves and branches mineralize over a period of time
to give calcium which deplaces sodium. The other important factor is snow which accu-
mulates in and around shelterbelts. This snow melts and leaches the soluble salts to the
deeper layers of the soil. The author will like to add that the shelterbelts reduce the rate
of free evaporation and of transpiration which results in a lower rate of the capillary
action and hence the accumulation of soluble salts in the soil surface is reduced. All the
above factors acting together may increase the fertility of saline soils.

1.5 — Protection to man and livestock

Bares (18) and Froyp (89) reported that shelterbelts provide protection to man and the
home from cold winds of winter. Similarly they provide protection in summer from hot
winds, The home is cooler in summer and less expensive to heat in winter. Heating
requirements of the house will be reduced due to modified wind velocities,

Those animals that can enjoy fresh air in the protection of a good windbreak are in
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far better condition in the spring than those which have been cooped up in a stable all
winter or cxposed to the cold winds when they go outside (159). Livestock may be
fattened and maintained more economically than when fed in unprotected feed yards. For
example, the studies have shown that cattle wintered on the same ration gains more in a
normal winter in tree-protecied feeding grounds than in unprotected areas (87). Sheep
losses during early lamb season will be reduced if the animals are protected from cold
winds. Shelterbelts protect feeding areas from drifting snow. Also cattle wintered in
tree-protected areas loses less weight during severe blizzards than those wintered in
exposed locations, The farmer who has not extended his windbreak to his barns and
paddocks has missed one of the best paying phases of windbreak protection.

1.6 — Furnish fullwood, timber and recreation

Shelterbelts also supply fuelwood and fence posts for the farm. WiLLiams (247) and
Munns (159) pointed out the aesthetic and recreational value of shelterbelts. Shelterbelts
increase the beauty of the landscape. An aesthetic value increases the pride of the farmers.
The shelterbelts are a potential recreational area for the farm family, particularly for the
children.

2 — DISADVANTAGES OF SHELTER

Here a word must be said about the disadvantages which may result especially from
the living wind barriers, such as shelterbelts, although much can be done to minimize
these drawbacks,

2.1 — Reduction of the effective agricultural acreage

The use of land for building a wind barrier reduces the effective agricultural acreage.
This applies more to land under crops, however, than to open land.

2.2 — Competition between the trees of the lving wind barrier and the adjoining crop

Bares (22) and CanMAN (47) reported that there is competition for light, moisture and
soil nutrients between the trees of the living wind barriers and the adjoining crops.

2.3 — Shading

Shading of the wind barriers on the adjoining crops is another adverse factor. This
may cause lateness in spring and reduce quality and quantity of the crop for a narrow
zone adjoining the shelterbelt. Some crops suffer more than others.

2.4 — The incidence of frost

Lower night temperatures and calm conditions in the protected area may result in
some increase of the incidence of frost.

2.5 — Less possibility of drying in a wet period
SHaH (199) found in his experiments that the windbreaks decrease the possibilities
for drying in a wet period which resulted in the accumulation of excessive moisture in
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great amount, consequently the plant diseases invaded and damaged the yield of crops.
The author adds that each crop behaves in a different way to the accumulation of mois-
ture. In certain crops the damage is high, in others low and some have practically no
damage.

2.6 — Obstruction of mechanized farming
The wind barriers may cause obstruction to mechanized farming.

3 — ConNcLUsIONS

There is no doubt that the benefits from the protection of wind by means of living
wind barriers outweigh the few detrimental effects. But the studies on shelter effects
lack the facts about the details of behaviour of plants under the protection of wind barriers,
Especially no information is available how the crop responds to the wind protection at
the various stages of its life cycle. The major factors responding to wind protection
which are responsible for the increase of the crop yields are still to be uncovered. In
the next chapter, the author will bring forward the conclusions from his research how
bean and maize crops behaved during their life cycles under the wind protection.




CHAPTER 111

THE INFLUENCE OF THE ARTIFICIAL WINDBREAK ON THE DEVEL-
OPMENT AND YIELD OF BEAN AND MAIZE CROPS IN THE FIELD

For determining the influence of the artifical windbreak under ficld conditions on
the development and yield of bean and maize crops, the author conducted experiments
in eleven fields in various parts of the Netherlands during the 1960 and 1961 growing
seasons. The reason for carrying out so many field experiments in a number of places
was due to the local climatic conditions which are quite different from one part toanother.
The great number of field experiments provided the opportunity to compare the results
and also provided data which could be directly applied to the various microclimates in
the Netherlands. The experiments were repeated in 1961 for checking the results of the
previous year. The analyses of the results in all the experiments were almost similar.
Therefore, the author selected two representative experimental fields of bean and maize
crops respectively for discussing in detail. But all the original results of all experimental
fields are given as appendices in microfilm which can be found at the end of this publi-
cation in the pocket. Table I summarizes the results of the increase in yields of bean
and maize crops in eleven experimental fields,

Table 1 — THE SUMMARIZED RESULTS OF THE INCREASE IN YIELDS OF BEAN AND MAIZE CROPS AT THE
FLEVEN EXPERIMENTAL FIELDS UNDER THE PROTECTION OF THE ARTIFICIAL WINDBREAK

Experimental  Location Year Crop Increase in yietd
Field {expressed in 2%
RD. Ranvowipk (Gelderland) 1960 Bean 40ha%
RL. Ranpwik (Getderland) 1960 Bean 17%*
G. Goks (Zeeland) 1660 Bean 12%%4
B. Bruinisse (Zeeland) 1960 Bean 2%%
E. Eist (Gelderland) 1961 Bean 18%»
GG, Gogs (Zeeland) 1961 Bean T
BB. Bruinisse (Zeeland) 1961 Bean (uss
K. KAPELLE (Zeeland) 1960 Maize 10+#
s, KAPELLE (Zeeland) 1960 Maize 1792
R.* SPRUNDEL (Naord-Brabant) 1960 Maize Vil
T. LuntereN (Gelderland) 1960 Maize 10w+

* Significant at 109, level
*%  Significant at 5% level
*#%  Significant at 1% level
*##%  Not significant
+  This field had negative fertility

1 — THE EXPERIMENTAL AREA AND THE MICROCLIMATE

Both experimental fields were located in the province of Zeeland at Goes and Kapelle
respectively, see fig. 1.
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Fig. 1. Map of the
Netherlands showing the
location of the field
experiments and the
laboratories where the
research was conducted.

>

Fig. 2. Winds during
the growing season of
1960 in Zeeland. Their
procentual distribution
is indicated by the width
of marks, and their me-
dium velocity by the
lenght (up to outer rim
of compass-cards = 5
m/sec). Source: Shah
(199).
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The rainfall in Zeeland is given in Table 2 for the growing season of 1960. This
rainfall was abnormally high for the last part of the growing season in 1960. The tem-
peratures for the growing season in Zeeland during the growing season of 1960 are given
in Table 3. The wind conditions in Zeeland for the growing season of 1960 are given
in Table 4 and described in fig. 2 respectively.

Table 2 — RAINFALL IN ZEELAND DURING THE GROWING SEASON OF 1960
Source: RovAL NETHERLANDS NETEOROLOGICAL INSTITUTE AT DE BIiLT

Month Time period Total quantity Number of  Thunder and
of rainfall mm  hours rainfall lightningindays

May Firse 10 days . . . . . R 1 1 —
Second 10davs . . . . . . . 29 17 1
Last 11 days . . . . . . . . 28 15 —
Total of month . . . . . . . 57 33 1
Av, of last 30 vears . . . . . 49 — 4
June First 10days . . . . . . . . 10 11 —
Second 10 days . . . . . . 13 4 1
Last 10days . . . . . . . . 6 4 —_
Total of month . . . . . . . 29 19 1
Av, of last 30 years . . . . . 52 — 5
July First 10 days . . . . . RN 24 21 —
Second 10days . . . . . . . 21 7 —
Last 11 days . ., . . . . - 16 22 3
Total of month . . . . . . . 81 50 3
Av, of last 30 yeara . . . . . &6 — 4
Aug. First 10days . ., . . . . ., . 15 15 1
Second 10 days . . . . . . 60 28 —
Last1ldays . . . . . . . . 44 10 —_
Total of month . . . . . . . 125 53 1
Av, of last 30 years . . . . . 63 — 5
Sept. First 10days . . . . . . .. 38 10 —_
Second 10days . . . . . .. 17 27 —
Last 10days . . . . . . . . 59 27 —
Total of month , . . . . ., . 114 64 —
Av,of last 30 vears . . . . . 74 — 3
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Table 3 — TEMPERATURES (IN °C) IN ZEELAND DURING THE GROWING SEASON OF 1960

Month

May

June

July

Aug.

Sept,

Source: SHaH (199)

Time period

First 10 days
Second 10 days

last 11 days. . . . .

Av. of month

Av, of last 30 years . . .

Yirst 10 days
Second 10 days
Last 10 days. . .
Av. of month

Av. of last 30 years . .

First 10 days
Second 10 days
Last 11 days . .
Av, of month

Av. of last 30 years . .

First 10 days
Second 10 days
Last 11 days . .
Av. of month

Av. of last 30 vears

First 10 days
Second 10 days
Last 10 days . .
Av. of month

Av. of last 30 vears . . .

Average
24 hours

12.5
13.6
12.8
13.0
12.0

16.3
15.6
15.8
15.9
15.0

15.2
16.1
16.4
15.9
17.2

17.0
15.5
17.6
16.7
17.3

15.5
16.2
12.8
14.8
15.3

Average
davtime

141
14.2
13.6
14.0
13.0

17.5
16.7
16.7
17.0
16.1

16.0
17.2
17.2
16.8
18.2

18.0
16.1
18.3
17.5
18.2

15.9
16.9
13.3
15.4
15.9

Table 4 — WIND CONDITIONS IN ZEELAND DURING THE GROWING SEASUN OF 1960

Month

May

Source: SHau (199)

Time period North

% vV
First 10days . . . . . 23 4
Second 10 days . . . . 20 4
Last 1l days . . . .. 34 5§
Aviofmonth . . . . . 3 4
Av, of last 30 vears . . 17 4

North-
east

_.
=]
(LT

East

w

= L

South

[N BT TRNT R
[SVIF P

South-
east

0
0

Lol e

v

W o e W

South-
west

% V

o W oW

—
S~ o

[P TR . L

Average Average
daily max. daily min.
17.4 8.1
17.2 10.9
15.6 10.6
16.7 9.9
15.9 8.9
20.5 12.8
19.3 12.7
19.4 13.4
19.7 12.9
18.7 12.0
17.8 13.0
18.9 13.7
18,9 14.3
18.5 13.7
20,9 14.3
20.6 13.9
18.3 13.2
20.7 15.6
16.9 14.3
20.8 4.4
18.1 13.5
19.6 14.0
15.7 10,1
17.8 12.6
18.5 12.8
West  North- Nuv
west  wind
Vo4V “
11 4 {v 3 7
11 4 7 3 -
12§ 14 4 6
11 4 10 4 5
16 35 1 4 1




Month  T'ime period North North- East South South- South- West  North- No
east west west  wind

%Y %V %Y %V %V Y%V % VvV %V %

June First10days , . . .. 12 5 15 4 17 4 6 4 g8 7 19 9 20 7 15 -
Second 10 days . . . . 13 6 25 13 1 2 7 5 39 8 3t 7 4 3 ¢
Last 10 days . . . . . 33 6 10 4 9 5 3 1 - 1 6 14 6 32 & Q
Aviof month . . . . . 19 6 9 5 9 3 3 4 5 6 208 22 7 13 6 0
Av. of fast 30 years , . 14 4 11 4 7 3 4 3 7 5 16 6 26 6 15 4 1
July First 10days . . . . . 6 5 - - - - 5 5 1t 5 35 % 20 7 23 3 -
Second 10 days . . . . 35 - - - - 3 6 18 8 49 8 25 7 3 5 -
Last il days . . . . . 6 3 4 2 1 2 - = 6 6 31 6 37 6 14 4 2
Aviof month . . . . . 5 4 1 2 0 2 2 3 11 7 38 8 28 6 13 4 1
Av. of last 30 years . . 4 3 9 3 7 3 5 3 5 20 6 28 6 13 4 ]
Aug. First 10days . . . . . 18 4 10 3 3 3 2 3 5 5 26 5 18 5 18 3 1
Second 10days . . ., 11 5 13 3 4 3 4 4 8 5 277 20 7 12 & -
Last 11 days . . . . . 2 2 31 6 3 10 4 15 5 26 7 26 7 9 5 2
Av.of month , . . . . 1G¢ 4 3 3 4 3 5 4 9 5 22 7 22 7 13 4 1
Av. of last 30 vears . . 10 13 9 4 8 3 S 3 11§ 24 6 24 & 11 4 1
Sept. First 10days . . . . . g 3 4 2 3 3 3 3 8 4 33 7 18 o 18 4 6
Second 1G days . . . . 10 4 8 4 20 3 24 5 10 5 5 5 3 9 6 8 ]
LasttOdays . . . . . 12 3 27 4 27 6 4 5 9 5 8 5 5 10 7 10 1
Av.of month , . . . . 10 4 13 4 16 5 12 5 12 5 15 6 9 7 10 6 -
Av. of [ast 30 years . . g 3 11 3 13 3 6 3 16 6 18 6 19 © 10 4 2
% = Number of hours in percentages

-t
]

Average velocity in m/sec

2 — METHODOLOGY

The experimental field for the bean crop was located outside Goes, and for the maize
crop outside Kapelle. The concerning bean crop field was acquired in the Agricultural
Experiment Farm at that place and was used to a width of 12 m and length of 90 m.
The concerning maize field was used to the breadth of 6 m. The orientation of both
fields was such as to face approximately the winds coming from southwest. 'The topo-
graphy was flat. 'The soil of both fields was clay and had a good fertility, which was
fairly distributed.

For the protection from the southwesterly winds, the author designed a special arti-
ficial windbreak which in principle was in complete agreement with the Usman type
shelterbelt model, except in air drainage. (The details are described in Chapter VII,
p. 69). The present windbreak consisted of vertical strips of colourless plastic in wooden
frames and was designed in such a way as to keep 339%, air drainage through it. See fig. 3.

There are a few great advantages for using artificial windbreaks for experimental
research work:

A. Tt gives the research worker a chance to find his experimental field in open area

and according to his crop requirements.

B. There is no shading effect as in case of a natural windbreak on the adjoining strip

of the field crop.

C. There is neither competition for the soil nutrients and light etc., between trees

and the adjoining strip of the crop.

The artificial windbreak was fixed in the field so as to divide 1t into two sections:

12




Fig. 3. One of the experimental fields of bean crop. This field was located at Randwijk. The
artificial windbreak can also be seen.

a. In front of the windbreak an area which was unprotected and open for the south-
westerly winds;
b. In the leeward side an area which to varying degrees was protected from them.
The artificial windbreak used in the maize crop experimental field was similar to the
windbreak used in the bean crop experimental fields, except in height. The height of the
artificial windbreak used in the maize field was 2 m. The artificial windbreak used for
the maize crop experimental field can be seen in fig. 4.

The original results of the field experiments are given as the appendices in the end of
this publication. The lines on the graph paper presenting the results run into each other,
consequently they present difficulty in understanding for the reader. An example is

13




Before crop
Fig. 4. The artifical windbreak in the experimental field of maize crop at Kapelle.
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Fig. 5. The development of the height of bean crop under the protection of the artificial wind-

break at Goes{Zeeland). This graph has heen prepared with the original results, not with the com-

puted averages.
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provided in fig. 5, where the graph lines represent the development of the height of bean
crop under the protection of the windbreak at Goes (Zeeland).

For making the lines on the graphs smoother and easier to read, the author followed
a special system on the recommendation of the statisticians of the Agricultural University
at Wageningen. The values at 1 H) and 1 Hy were left as original ones. But the average
resuits were computed for 2 Hj till 10 Hy, 12 Hj till 20 Hy, 22 Hj till 26 Hy, and
2 H tilt 5 Hy respectively., From these six points the curves of the various results
were developed. Statistical analysis was also carried out for determining the significance
of the results.

3 — THE ANALYSIS OF THE DEVELOPMENT AND YIELD OF BEAN CROP UNDER THE INFLUENCE
OF THE WINDBREAK

The bean crop (Phaseolus vuigaris, variety N-1507) was sown on May 2, 1960. A
couple of days after the crop was sown, the artificial windbreak was fixed. The experi-
mental field was weeded out regularly. A good watch was kept if any external of abnormal
factors were interfering with the growth of plants. Regular visits were made to check
the behaviour and development of the plants.

When the plants gave their first appearance, the author started his proper observations
i.e, the growth analysis. The total numbers of leaves, inflorescences, buds, flowers, pods,
seeds, nodes, the total height of the plant to the last node, and the wet and dry weights
of the plants were determined. The sampling comprised 50 different plots of 15 plants
each, viz. 40 in the leeward and 10 in the windward side of the windbreak. According to
their place in respect of the windbreak, they were indicated as 1 Hy, 2 Hy, 3 H|, 4 Hj,
5 Hj till 40 Hj (leeward) and 1 Hy, 2 Hy, 3 Hy till 10 Hyw (windward). Each ‘Hy’ and
‘Hy' corresponds to the height of the artificial windbreak i.e. 1 m. In total the author
carried out seven samplings for the purpose of growth analysis when the plants were
28, 42, 54, 77, 88, 98, and 113 days old respectively. The yield determination was carried
out when the plants were 137 days old.

Discussion of results. In the first place by visual examination, the author observed
better growth and development of the plants in the protected zone than in the zone
which was open to the winds. The results of the growth analysis are expressed in figures 6
and 7 respectively.

The author points out that in the following discussions the protected zone will be
considered only up to 10 Hj. The reason for limiting this zone up to 10 Hj is duc to
the fact that the protection provided by the windbreak was maximal up to 10 Hy and
from 10 Hj to 20 Hj decreased.

The details of some salient features regarding the influence of wind protection ex-
pressed as the percentage increase in the protected zone as compared with the non-
protected zone is given in Table 3.

The results clearly indicate that the effect of wind protection on the growth of plants
was apparent, even in its early stages of growth c.g. the height of the plants was 449
higher in the protected zone at the age of 28 days. The lead in the growth of bean plants
was maintained up to the age of 83 days. But at the age of 113 days, the influence of the
wind protection started declining unexpectedly. Later when the final growth analysis
of bean crop was carried out at the age 137 days, there were no significant differences
in wet and dry weights as well as in the heights between the plants of the protected and
non-protected zones.

15



! Development e

25

20!

. 84d

<m)

of number
of leaves

ﬂﬂr

Distancer 2541 20m T

Develepment of height

[l

b
ancel 25 H1 0w 15k,

10wt

_ -
T __H-\
[ izq / \ 12 days
f i
284 M days

I
0m

e WAy
B0 B e

13 days
Mdlyl

B !F«:s' m 7 duys right tiee
ling ¢
~m d.,: att e |
TTdays
S4days

wind

indbreak

—

L

SR
S 0 SHw

9
120,

Development of number of nedes

k%,

4 / BN
L

Wi

,\—- 83days

\
W3 days
98 days

T sedars
7 days

i20ays

wmay

\s
g

T

ey SR/ P T T T

Developmenl of wet weight (planls)

SHw

Wi

137 day s contre

E
500
400 \
E 113 days.
300 H N
wind
Mg
200,
2%} > bidars
00 'm‘l.::r éu;:’;,-g it o
T Fudra
i 17 nm Tight i
424 —b2days
24— T N ——2pdays
Distence 2500 20w 150 10W [ 0 BHw

Development of dry weight (plants} J
I
|

" wind

wingbreak

TJ'v'dnys Wit Line 1
= li?dlrs Centry line ¢

137 duys neera,
\1:7 dais right e,

42 dlys

'
\mda,s
-

mencer 25m 20m 1Sm1 10MI

1Tm= gy

L
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Fig. 7. The flowering of hean crop under the influence of the windbreak in the field G at Goes.

The author will like to add that during his various analyses he noticed that the leaves
of the plants in the protected zone started falling earlier as compared with the plants
in the non-protected zone, during the later ages of the plants. This had also an effect
on the wet and dry weights. Another striking observation was the earlier flowering in
the protected zone.

The results of the yield determination are described in fig. 8.

Three lines of sampling plots were reserved from the beginning of the experiment
for the purpose of the yield analysis. These three lines were running through the centre,
the left and the right sides of the field respectively. The yield of bean seeds was 129,
higher in the protected zone as compared to the non-protected zone. The yield of
high quality seeds was only 109 higher in the protected zone.

The promising surplus in the growth of the plants and the corresponding anticipated
high yield of the crop in the protected zone underwent a sudden decline in August.
The moment in which the obviously positive influence of the windbreak started to
decrease corresponded with the heginning of a period of abnormal and excessive
rainfall, in the months of August and September. In a region suffering from very high
rainfall, as was the case in August and September, 1960, a negative influence on the
yield may be expected from wind protection if in the same period the windbreak was
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Table 5 ~ SOME SALIENT FEATURES REGARDING THE EFFECT OF WIND PROTECTION EXPRESSED AS THE
PERCENTAGE INCREASE IN THE PROTECTED ZONE IN THE EXPERIMENTAL FIELD WITH BEAN
cror AT Gors 1Nn 1960

Age (in days}) . . . . 28 42 54 77 88 98 113 137
Number of nodes . . . 19 27w

Height of plants . . .  44%#%  j34#x% 33 2440w

Wet weight plants . . 29 ol 27

Dry weight plants . . J0%%%  SOuER 22%uw

Number of leaves . . . 25 25 26%* 20

Number of

inflorescences . . . . 55 43 53

Number of flowers . . 65 53

Number of pods . . . G7%#® 33 k3 | 27 184%%
Dry weight pods . . . 19%s#
Number of seeds . . . 22
Dry weight seeds . . . 12%
High quality seeds . . 10

#*  Significant at 10% level

#%  Significant at 5% level

*&%  Significant at 1%, level
Nostar(s) = Untested

effective indeed. Then, as a matter of fact, the wind reduction is detrimental because it
retards the evaporation. Probably by the accumulation of excessive moisture, different
plant diseases develop and the plants under the wind protection start rotting.

Even the abnormal high rainfall destroyed the anticipated high yield of the crop in
the protected zone, but still the yvield was 129, higher in the protected zone as compared
with the non-protected zonc. This clearly indicates that under the normal microclimat-
ical conditions of Zeeland the windbreak would have played a very significant role in
increasing yields in the protected zone,

Conclusions. The plants of bean crop in the protected zone were leading in growth
rate over the plants in the unprotected zone to a considerable extent. But due to abnormal
unfavourable weather conditions the lead in the growth of bean crop in the wind pro-
tected zone was lost, Consequently, the increased yield of bean crop in the wind protected
zone was only 12%,. Under the normal weather of Zeeland, the yield would have been
much higher than the present results.
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4 - THE ANALYSIS OF THE DEVELOPMENT AND YIELD OF MAIZE CROP UNDER THE INFLUENCE
OF THE WINDBREAK

The maize crop (variety Ploneer X 6132) was sown on April 27, 1960. Five days
later the windbreak was fixed. Weeding was carried out in the experimental field regu-
larly. Good control was kept if any external or abnormal factors were interfering with
the growth of the plants Regular visits were made to check the behaviour and develop-
ment of the plants in the pratected and non-protected zones.

The author started his growth analysis as soon ag the seeds germinated. The total
number of leaves and of nodes, the height of the plants to the last node, the wet and dry
weights of plants in the sampling plots, the wet and dry weight of the cobs and the dry
weight of the kernels were determined. The sampling comprised 50 different plots of
10 plants each, viz, 40 in the leeward side and 10 in the windward side of the windbreak,
According to their place in respect to the windbreak, they were named as 1 Hj, 2 Hj,
3 Hy, 4 Hy, 5 Hj, till 40 H] (leeward), and 1 Hy, 2 Hy, 3 Hy till 10 Hy (windward).
Each ‘Hj’ and ‘Hy,' denotes the height of the windbreak i.e. 2 m. Six samplings were
carried out for growth analysis when the plants were 30, 56, 80, 90, 103 and 124 days
old respectively. The yield determination of the maize crop was conducted when the
plants were 173 days old.

Discussion of results. The growth and development of maize crop were better in the
protected zone as compared with the crop in the non-protected zone, In this case, the
protected xone where the influence of the windbreak was optimal is up to 5 H}. The
reason for the relatively small length of the protected area was due to the very narrow
breadth of the windbreak i.e. 6 m (= 3 Hj). But still some favourable influence can be
seen up to the distance of 20 H). The results of the growth and development analysis
of maize crop is expressed in fig. 9.

The results of the various analyses indicate clearly that the rate of growth was superior
up to the maize crop age of 90 days, in the protected zone of the windbreak. For in-
stance, the height and dry weight of maize plants were higher 36% and 299, respec-
tively when the maize crop was 90 days old. T'able 6 gives the influence of wind protec-
tion on some characters of maize crop.

Table 6 also shows that the influence of wind protection declined considerably when
the maize crop reached the age of 103 days. The major reason for the decline in influence
of the wind protection on the growth of maize crop may be attributed to the height of
the artificial windbreak which was rather small i.e. only 2 m. When the plants were 103
days old, they were as high as the artificial windbreak. Consequently, the windbreak was
practically providing no wind protection any longer to maize plants.

The yield determination was carried out when the maize crop was 173 days old.
The results are given in fig. 10. The wet and dry weights of cobs were about 199 higher
in the protected zone as compared with the non-protected zone. The yield of kernels
was 179, higher and the high quality kernels were 18%;, higher in the protected zone.

Conclusions. 'The growth analysis clearly showed that the growth of maize crop was
better in the protected zone, till the age of 103 days. After the age of 103 days, the
growth analysis and the final development analysis never showed any significant differ-
ence between the maize plants growing in the protected and non-protected zones,
The yield determination showed an increase of 179, crop yield in the protected zone as
compared with the non-protected zone.
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Tuable 6 — SOME SALIENT FEATURES REGARDING THE EFFECT OF WIND PROTECTION EXPRESSED AS THE
PERCENTAGE INCREASE IN THE PROTECTED ZONE IN THE EXPFRIMENTAL FIELD WITH MAIZE
crOP AT KAPELLE IN 1960

Age(indays). . . . . . ... 30 56 80 90 103 124 173
Number of nodes . . . . . . . 22 26 29 34 9

Height of plants . . . . . A £ 1E%% 46 3o 120wk

Dry weight plants . . . . . . 3ge=x 20 12 12 9
Number of leaves. . . . . . . 31 22%%% 2} 2284k

Diry weightcobs . . . . . . 19%%%
Dry weight kernels , . . . . . 17uwn
High quality kernels . . . . . 18

*  Significant at 10% level
**  Significant at 5% level
#%%  GQionificant at 19, level
No star(s) == Untested

5 — FINAL CONCLUSIONS

The research in the bean and maize field experiments brought forward the following
facts:

a. The general trend of the earlier growth and development of bean and maize
craps in the field experiments was similar. The difference in the trend between beans
and maize appeared as soon as the abnormal rainfall started during the last part of the
growing season.

b. The limiting factors in determining the size of the protected zone for any crop
are the length and the height of the windbreaks., For providing optimal protection to
the agricultural crops, it is desirable ta make the windbreak much broader than the field
to be protected.

¢.  The excessive rainfall was responsible for reducing the promising surplus to a
very poor increase of the yield of 12%, in bean crop in the protected zone of the wind-
break. The high rainfall turned the wind protectian into a negative influence on the yield.
Under these circumstances, the reduction in the wind velocity is detrimental, because
it retards evaporation. It may be due to the accumulation of moisture that different plant
diseases develop and the plants in the protected zone start rotting, ultimately causing
the poor yield of the crop.

d. Before establishing shelterbelts or windbreaks especially for increasing the yield
of crops such as bean crop, it is important to be cautious in the regions with an extremely
wet climate.

e. 'The maize crop even under the protection of a small windbreak, i.e. 2 m in height
and 6 m in length was able to increase the yield by 17%, in the protected zone as com-
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pared with the yield in the non-protected zone. The growth and yield of the maize crop
would have been much better under the protection of a good type of windbreak, with
reasonable height and length.

In the next chapter the author will bring forward the results from the experiments
which he conducted in the wind tunnel under the controlled envirenment with respect
to wind velocity and protection.
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CHAPTER IV

THE INFLUENCE OF THE ARTIFICIAL WINDBREAK ON THE DEVELOQOP-
MENT AND YIELD OF BEAN AND MAIZE CROPS IN THE LABORATORY

For determining the influence of the shelterbelt on the development and yield of
agricultural crops in the laboratory, the author designed and constructed a wind tunnel
(the first of its kind in the world) in which such research was possible. Crops could be
grown in the wind tunnel closely to the field conditions. Moreover, the author designed
the artificial windbreak. The same type of artificial windbreak was used in the wind
tunnel as in the field experiments. Consequently, the research in the laboratory could
provide the answers to many of the problems in the field experiments.

1 - METHODS

1.1 — Wind tunnel description. The wind tunnel was constructed in the laboratory of
the Department of Horticulture, State Agricultural University at Wageningen. It was
situated in a hot glasshouse, and therefore could be operated during most parts of the
year, The wind tunnel was made on the principle of internal circulation of the air. Both
ends were open in the glasshouse. At the one end three fans (68/14 D type) were fixed.
These three fans were run by an electric motor of 1.5 horse power. One more electric
motor of 0.5 horse power was added, so that the other motor could stop for some time
for cooling down. There were eight blades on each fan. The diameter of each fan was
68 cm. Each fan forced 20,000 cubic metres of air per hour constantly. Also each fan

Fig. 11. 'The three fans which are run by an  Fig. 12. Closer view of the three fans and the
electric motor in the wind tunnel can be seen  electric motor which operates them.

in this plate. Also the starter of the electric

motor and the speed controller are visible.
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