Windbreaks of poplars combined with cotton (Niels Thevs)

Tree windbreaks within irrigated agriculture in Central Asia (A$Aaan1u)
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Windbreaks of poplar trees (Populus nigra pyramidalis) are a major agroforestry
system in irrigated agriculture across Central Asia. Such windbreaks reduce the overall
water consumption of irrigated agriculture by 10-20% and increase farm income by
10-15%.

Windbreaks of trees are a major agroforestry s%stem across Central Asia. The SLM technology
presented here concentrates on windbreaks, chiefly of poEIar trees (Populus nigra var.
pyramidalis), within irrigated agriculture. These windbreaks of poplars have a long tradition
as an agroforestry s%stem inirrigated agriculture in the river basins of south and
southeastern Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan. In
Kazakhstan and northern parts of Kyrgyzstan, poplars are partly replaced by EIm (Ulmus
minor) windbreaks.

After those five countries had become independent, a large share of the windbreaks was cut
down primarily for fuelwood and secondarily for timber, as the energy supply system had
broken down in the course of the disintegration of the Soviet Union. Such windbreaks reduce
the overall water consumption of irrigated agriculture by 10-20% compared to open field
conditions, depending on croES and tree spacing (Thevs et al., 2019: o S e
doi:10.3390/1and8110167). The trees serve as an additional source of income, chiefly from amuﬁ:]alalabad Region, Chui Regi
sustainable harvest of the trees for timber. Windbreaks also help to increase crop yields. In Issyk Kul Region, @5Amany

total, farm income is increased by 10-15% over the rotation period of the trees (Thevs and
Aliev, 2021: https://doi.org/10.1007/s10457-021-00617-7). The rotation period of poplars is
between 12 and 20 years, depending on the climatic conditions, e.g. poplars in the Ferghana
Valles reach DBH (diametre at breast height) values of 22-27 cm and tree heights of 18 m
after 13 years.

on, and

sruunisiasieimaTulad: 10-100 uve

sunteniendanan fuasanuiliignida

In this recent assessment, it was found that windbreaks of single tree rows with distances N ;;Zg?g;‘ g;g%’%

between trees of 1 m had the best effects on water saving and increasing farm income. The : 75.61656. 42.78576
most suitable spacing between windbreaks was found to be around 200 m. o 74.03041 42.70609
Windbreaks are perceived differently by land users depending on the region and knowledge e 7258578 4092815
(Ruppert et al., 2020: doi:10.3390/su12031093). For example, land users in the Ferghana ' o
Val %y perceived windbreaks positively and were planting them primarily with the aim to have . )
wood resources in the near future. In contrast, land users in the northern part of Kyrgyzstan ﬂ‘},ﬂﬂﬂllWT‘lI}\iLVIﬂTuTaﬂ: nszaneluatng
were afraid firstly that windbreaks shaded their crops, consumed space, and competed for aluaualudui (approx. 0.1-1 a5.nu.)
water and nutrients, and secondly that planting windbreaks may cause conflicts with
neighbours due to those negative connotations. Farmers with larger field plots were more
open towards them.

Windbreaks are planted with 2-year-old poplar saplings, which are locally available. The

In a permanently protected area?: 1%«

preferred place to plant is along irrigation ditches or other existing field boundaries. If FJudlunrsslunis: 10-50 7

windbreaks are planted along irrigation ditches, they simply tap water from the moist soil or

elevated groundwater adjacent to those ditches. Otherwise, the trees need to be irrigated 'IJWI.QVI'lIaun;lguusﬂE L

like the crops. As furrow irrigation is the dominant irrigation practice throughout Central Asia, dauniEuvaldiduae

poplars can be integrated without further adjustments in the field of irrigation. Alongside L‘]‘Juﬁ"}uuﬁ\j‘uadiguul,l,uuﬁal,ﬁuﬁﬁ’]ﬁuag: >

irrigation ditches poplars can withstand high water levels in those ditches as they occur 50 )

during irrigation periods. If farmers switch to drip irrigation, and irrigation ditches are no ; 2 PP
longer present, tﬁe trees will need to be supplied Wit%w a driTpIine as well. The locally available Tusts%amsmmiaamamsmma
poplar cultivars do not need additional fertilizer, but profit from the fertilizer applied to the 9 iASINISUIaIINATHUBN
crop. Only if high yielding modern cultivars were to be used, additional fertilizer application

to the trees would be needed to unfold their full potential.
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Windbreak of poplars during spring soil preparation (Niels Thevs)

Agricultural landscape with tree wind breaks and cotton (Niels
Thevs)
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Windbreaks have their greatest impact when planted perpendicular to

the main wind direction (or direction of the strongest winds). A whole

grid of tree wind breaks running along all field plot borders will have a Tree heght
greater effect, as it prevents enhanced winds through a tunnel effect

under changing wind directions. Tree wind breaks can be planted with

distances of 50 m to 1000 m away from each other. The effect on the ! ) ) , ,
Distance from tree wind break in multiples of tree height

micro climate becomes less pronounced with increasing distance from 1

tree wind breaks. Therefore, on a large field plot, say of 1000 m width 09

between windbreaks, the micro climate averaged over the field plot .

will not differ much from the conditions without tree wind breaks. In 0'7

contrast, on smaller field plots, say of 100 m width between !

windbreaks, the micro climate will differ significantly from open field 0,6 ) . o
diti This i | lained by the i for t ¢ . 05 Reduction of wind speed, radiation,

conditions. This is also explained by the lines for temperature, air ; I e

humidity, radiation, and in particular wind speed along an increasing 0,4 (ETo) leeward of the tree wind

distance from a given windbreak. Thereby, the distance from the 0.3 break

windbreak is given in multiples of tree height.

In total, the best effects with regard to economic return and reduced 02
water consumption come with a spacing of 200 m between tree wind 01
breaks. 0
The best effects with regard to economic return and reduced water =Wind speed -Radiation =ETo

consumption were achieved with single tree lines. So, only one line of
poplar trees is planted along the field borders. The planting distance
between treesis 1 mto 1.20 m.

Poplar trees are locally available as trees with a length of 2 m to 2.50
m. Those trees are planted, best along the small irrigation ditches
that run along the field borders. The local cultivar which is mainly
used is a Populus nigra var. pyramidalis cultivar under the local name
Mirza Terek. In principle, modern high yielding cultivars can be used
as well; first research has shown a 2-3 times faster growth compared
to the locally available cultivars at similar water and nutrient
requirements.

Author: Niels Thevs

mMsdasnaznisingesnun: Aanssu tadanazrnlgdane

AT uuduuLasA T thiufddnyiqaitinasiadildsne
o Ald3nagnarulu siaflufiildma Tulad (MunauasuuI A UALRUT: Labour costs are the largest single cost item. In fact, in the cotton
1 ha) system a lot of labour is unpaid family labour or mutual help among
o analduilddrururildane KGS neighbours. All labour was calculated in monetary terms, as the
o dnsuanidau (liifiunaaansaniy) fa 1 nasansansy = 68.87 share of unpaid labour differed much between farms. This cotton
KGS tree wind break system is wide spread in the south of Kyrgyzstan. In
o A1¥10adnlunnsdnoussonusiatuda 750 the north of the country, tree wind breaks are combined with wheat,

barley, corn, or alfalfa (lucerne). There, labour costs are lower as
more machines are used (e.g. for harvest).

Avnssuitanasinde

1. Tree planting (*ﬁ‘mfiwm‘aa’\/ﬂ‘nuﬁ: March (first year))

2. Maintenance of trees (¥295z889a1/A1u: April to September (first and second year))

3. Harvest of trees (ﬁaossﬂsnm/m’muﬁ': December to February (last year of tree rotation - after 15 years))

tlafunas@ldsnauan1sSne (per 1 ha)

oy A lddnn | %uasrnldine
fduiaudin i 1Bun ::;?(’]: : Si; Honunsiathodn | Adalhdndu
it (KGS) | Toedldidau
Us99u
Labor costs for tree planting and maintenance (first year) man-days 3.0 750.0 2250.0 100.0
Labor costs for tree maintenance (second year) man-days 3.0 650.0 1950.0 100.0
gunsol
Labor costs to harvest trees (at tree age 15 years) man-days 3.0 70.0 210.0 100.0
Yansiuia
Poplar saplings sapling 116.0 20.0 2320.0 100.0
Transport of saplings 500.0 1.0 500.0 100.0
Al aanunuasnasamaTulad 7'230.0
Total costs for establishment of the Technology in USD 104.98

Aanssudmsunisiagednun

1. Soil preparation and sowing of annual crop (cotton) (%29528812a1/A20A: March to April / every year)

2. Irrigation, fertilizer application and other farm operations for the crop (%295z81z12a1/@21u#: April to August / every year)
3. Harvest of the crop (cotton) (r95v8a/ANE: September to October / every year)

tladauasdnlddrauasnisiiigeinu (per 1 ha)

e st Al |%uasalddne
faduiidin wiae Bua e (KGS Fonunsiathdn | Analwidndu
Wt (KGS) | 4114 (KGS) Tougldsu

99U
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Labor costs for soil preparation man-days 6.81 750.0 5107.5 100.0
Labor costs for sowing man-days 2.5 750.0 1875.0 100.0
unsal

Labor costs for irrigation man-days 23.64 750.0 17730.0 100.0
Labor costs to apply fertilizer and plant protection man-days 3.34 750.0 2505.0 100.0
Labor costs for harvest (cotton) man-days 32.78 554.0 18160.12 100.0
Machine costs (rent) for soil preparation ha 1.0 10021.0 10021.0 100.0
Machine costs (rent) for sowing ha 1.0 1316.0 1316.0 100.0
Machine costs for fertilizer application ha 1.0 1200.0 1200.0 100.0
Yaneiuila

Seeds |kg 50.0 101.0 5050.0 100.0
Mauasansei/fufonaodniduTnuaded®in (lulalue)

Fertilizer ke 375.0 19.25 7218.75 100.0
Plant protection ha 1.0 1517.0 1517.0 100.0
duq

Water fee |ha | 1.0 | 1014.0 1014.0 100.0
Al aionunuasmahgedminaniwmaTulad 72'714.37

Total costs for maintenance of the Technology in USD 1055.82
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There is agreement in the scientific literature that tree
windbreaks cause crop yield increases of 10-15%. Some
references even claim crop yield increases of up to 40%.

The leaves of the trees are partly used as fodder. But that
additional fodder only is a minor contribution to the overall

fodder demand.

FINuIunaL SLM: none

#9910 SLM: 53 m*ha after 15 years

Trees are harvested at an age of 15 years. Such trees have
an average tree height and DBH of 19 m and 27 cm,
respectively. Given a form factor of 0.42 one tree yields a
stem volume of 0.457 m*. A number of 116 trees is assigned
to 1 ha, which results in 53 m¥ha.

anay 7Ny

& o 2 a - a s 1
Auddrnsun1swan (Moulniiiaglu

. a oy d1urunau SLM: 1 ha cropland
seindnamslgnudaldenu)

uavan SLM: 0.9 ha cropland

Tree wind breaks occupy space so that the area available
to the crop gets reduced. While the trees do not occupy
substantial space during their first years of growth, they
occupy about 10% of the cropland at and age of 10-15
years. This calculation was made for a spacing between
tree wind breaks of 200 m.

anad 14

n1sdnnTsiidu

Tree windbreaks at a spacing of 200 m do not impede farm
operations, while narrower spacing may disturb farm
operations, in particular with machines.

dnune 4 ¥ e e diu

AMNFagNIsinaINNsTALsEN U o ) )
Frurunau SLM: 904 mm over the cropping season

uavan SLM: 777 mm over the cropping season

ETc (water consumption) of cotton is 904 mm over the
whole cropping season. Tree windbreaks (arranged as a
rectangular grid with a spacing of 200 m) with cotton

= X
ST 4 anag
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together consume 777 mm over the whole cropping season.
(cf. comment below under evaporation)

There are expenses for tree planting material and labour
associated to tree planting and maintenance during the
first and second year.

d1ulunau SLM: Accumulated NPV after 15 years: 214,000
KSG/ha

89910 SLM: Accumulated NPV after 15 years: 232,000
KSG/ha

The accumulated NPV over 15 years for cotton versus
cotton and tree wind breaks were compared to assess the
financial gain from tree wind break systems. 15 years is the
tree age at which the tree wind breaks are harvested. Costs
and revenues were discounted at a discount rate of 17.5%.

Wood resources are added as additional income next to
crops.

d1ulunau SLM: 904 mm over the cropping season

uavan SLM: 777 mm over the cropping season

ETc (water consumption) of cotton is 904 mm over the
whole cropping season. Tree win breaks (arranged as a
rectangular grid with a spacing of 200 m) with cotton
together consume 777 mm over the whole cropping season.
(cf. comment above under irrigation water demand)

As tree wind breaks reduce evapotranspiration, they help to
maintain soil moisture.

Wind erosion did not play a role in this example of cotton
combined with tree windbreaks. Though in other parts of
Kyrgyzstan or Central Asia stronger winds prevail than in
this very example. There, tree wind breaks do combat wind
erosion.

Salinity did not play a role in this example of cotton
combined with tree windbreaks. Though in other parts of
Kyrgyzstan or Central Asia salinity does play a role. There,
windbreaks, in particular poplar trees, help to lower the
groundwater levels due to their high water consumption,
which helps to combat soil salinization.

The leaves of the trees partly end up as litter on the soil
surface. The trees' root systems add to the below ground
biomass. Both contribute to the formation of soil organic
matter. Though, this is limited to a small area adjacent to
the tree wind breaks and does not translate into the area
of the cropland.

As the evapotranspiration (water consumption) and the
demand for irrigation water are reduced, the general
availability of water is increased.

Neighboring fields are partly shaded.
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During the Soviet Union times, when tree windbreaks were promoted,
multi-row tree windbreaks were planted. Today, farmers prefer single
tree lines, in order not to sacrifice too much crop space.

unaguudaunisaulasu

qmtﬂ o yunasuaflEiau
Tree windbreaks deliver wood resources for self consumption or
to be sold on markets.

e In more windy parts of Kyrgyzstan or Central Asia, land users see
the advantage of reduced wind speed for crop quality and snow
trap to build up soil moisture.

oude: veuadiuassusiumiaivensaudug

e Tree windbreaks provide additional income as they deliver wood
resources.

e Tree windbreaks reduce overall water consumption in irrigated
agriculture.

e In more windy parts of Kyrgyzstan or Central Asia, land users see
the advantage of reduced wind speed for crop quality and snow
trap to build up soil moisture.

Wocat SLM Technologies
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wsadaidyaudes: yunasuadldtduudlutigmildagils

e Tree windbreaks shade the crop. Capacity building and explain
that this is a minor effect.

e Tree windbreaks compete with the crops for nutrients and water.
Capacity building and explain that this is a minor effect.

e Tree windbreaks disturb farm operations. Capacity building and
explain that this is a minor effect.

e Tree windbreaks cause conflict with neighbours, as neighbours
may share those negative perceptions. Capacity building and
explain that this is a minor effect and promote cooperation
between neighbors to share benefits from tree wind breaks.

wdiawdaldwaude: deuadiuacgsiusumiainansaudug
wAladlgmnldadinels
e Financial resources are needed to establish tree windbreaks,
while the revenue from the harvest of trees only can be realized
in the future. Access to suitable finance.
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