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Map 1. Topographic map of Dhamar governorate
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Map 2. Agro-climatic zones & rainfall distribution el 4Bllas 3 Uha¥) LaaS &350 5 AAL) Gl 2
in Dhamar governorate
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Map 3 Potential evapotranspiration
in Dhamar governorate J“"‘ Adailas A Alalsh @il - AY 4 3

TOPQGRAPHIC LEGEND
O ¢ Settlement

iy ik /\/Mam road

daa ok v Gravel road
@y SN Wadi

Governorate
Asblaall 253 /\/boundary
L sadall . District
= A boundary

Evapotranspiration

B 1300-1600 mmiyear

1600-1900 mm/year

[ 1900-2200 mmyyear

Data derived from:
Agro-Climalic yeantory of Yaneas puibifihy
AREA .- Dhoacow, 1997,

Prapared by
Agricutural Research & Extension §
20 0 20 40 Kilameters Henewable Naturel Resources m
m 618 and Cartographic Unit
Cartography by

#dvnad R. An Nesiri




Map 4.1 Length of rainfed growing period jad Atilaa 8 Ay haad 5ald 53 Jsh 4.1
in Dhamar governorate i
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Map 4.2 Length of growing period with water harvesting jal dailas d olia¥ dlasy 3aid 5 8 Ssh 4,2
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A gro-climate and production systems in Dhamar Govemorate

1. Introduction

the Republic of Yemen with an extension between 1,570,000 - 1,660,000mN and

330,000 - 485,000mE. The elevation starting from about 500m and ending with about
2400m above sea level. The governorate consists 9 districts with total population of
981,000. ( Map. 1)

This technical paper covers different aspects of Dhamar Governorate (Land use, Socio -
economic including production system) supported with Agro-climatic parameters and
related topographic information.

Production system information of this paper represents mainly on three districts (Dhamar
-Ans, Maghrib Ans and Utmah), where as soil and land use, agro-climatic zones cover all
districts.

A griculinrdd Research and Extension Aathority (AREA)  Renewable Natural Resources Research Centre
Dhamar Dec.2000
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2 Climate

The climate of Dhamar varies from district to another depending on a number of climatic
elements such =s rainfall and temperature. Moreover climatic conditions depend on the
gecgraphical location of the governorate. Districts of Dhamar are located on different
elevations above sea level starting about from 500m and ending with about 2400m.
Therefore the climate conditions will be different from area to another inside the
governorate of Dhamar.

2.1 Agro-climatic zonation

Agro-climatic zonation is an essential element of agro-ecological zonation. The purpose
of zoning is to separate areas with similar sets of potentials and constraints for
development.

Agro-ecological zoning defines zones on the basis of combinations of soil, landform and
climatic characteristics. The particular parameters used in the definition focus attention
on the climatic requirements of crops and on the management systems under which the
Crops are grown.

The agro-climatic zonation is the subdivision based on climatic criteria. The essential
elements in defining agro-climatic zones are the growing period and the temperature
regime (Bruggeman, 1997).

According to a study carried out by Environmental Resources Assessment for Rural Land
Use Planing FAO Project, AREA, Dhamar Governorate is located in zones 2,3,5,6,7, 8
and 11. The zonation in this report was by the amount of rainfall, however it could be
described by the growing period as well. These zones with rainfall records of each zone
are shown on the attached map.

Map.2 shows agro-climatic zones and rainfall distribution in Dhamar governorate.

2.2 Climatic influences

The climate of Dhamar is influenced by the mountainous nature of the area. The
topography is dominated by mountain ranges running parallel to the Red Sea coast. These
mountain ranges rise from the sea level to over 2500m within 100km from the Red Sea
coast.

Seaward exposed escarpments such as Dhamar governorate slopes receive more
rainfall than the zones facing the interior. Local topographic features cause similar leeside
effects. Average temperature decrease more or less linearly with the altitude. The rise of
the air masses over the mountains provide a cooling mechanism, which stimulates the
rainfall.

A griculural Research and Extension Authority tAREA ) Renewable Natwral Resources Research Centre
Dhamar Dec.2000
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2.3 Precipitation
Precipitation in general comes mainly in the form of rain. Hail is not uncommon at higher

altitudes (above 1800m) and occurs occasionally. The variability in the rainfall both over
time and space is considered. Rainfall occurs predominantly in the form of rainstorms with
limited area extended. This results in great difference in amounts of rainfall over relatively
short distances. There is clear relationship between mean annual rainfall and topography.

24 Evapotranspiration

Estimates of the reference evapotranspiration (ETO) have been calculated according the
Penman-Monteith method ( FAO, 1990). It is the rate of the evapotranspiration from an
extensive surface of 8 to 15cm tall green grass cover, actively growing and not short of
water. For the calculation mean monthly values of the climatic parameters have been used.

The PET is a function of the following climatic and location parameters :

- climatic parameters : temperatures (minimum, maximum and average),
windspeed, sunshine or solar radiation and relative
humidity;

- location parameters: altitude and latitude (which influences the radiation,
temperature and maximum sunshine duration).

The variation of PET during the year follows the cyclic variation of the temperature, with
maximal during early summer. The potential evapotranspiration greatly exceeds the
average rainfall. Because soil water is usually severely lacking during the greater part of
the year, the actual evapotranspiration is only a minor fraction of the potential
evapotranspiration. ( Map. 3)

25 Growing period

The growing period defines the period of the year when both moisture and temperature
conditions are suitable for crop production under rainfed conditions.

The length of growing (LGP) is defined as the period during the year when prevailing
temperatures are conductive to crop growth (Tmean > 5 C) and precipitation plus moisture
stored in the soil profile exceed_half the potential evapotranspiration (PET).

The estimation of the growing period is based on a water balance model which compares
rainfall (P) with potential evapotranspiration (PET). If the growing period is not limited by

A gricultird Research and Extension Aathority tAREA ) Renewable Nanal Resources Research Cenire
Dhamar Dec. 2000
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temperature, the P/PET ratio determines the start, end and type of growing period. Four
types of growing period can be differentiated in Yemen :

Normal growing period - P exceeds PET for part of the year. The ratio
P/PET for the duration of the growing period
generally exceeds 0.7.

Intermediate growing period - P does not normally exceeds PET, but exceeds
0.5PET for part of the year. During growing
period where short dry spells during the rainy
season are frequent.

Marginal growing period - P exceeds 0.5 PET during short periods of the
year. During growing period frequent short dry
spells occur. The P/PET during the growing
period exceeds 0.3.

No growing period - P normally does not exceed 0.5 PET during
the year.

Map 4.1 and Map 4.2 show the distribution of the growing periods over the governorate
without and with taking water harvesting practices into account. Map 4.3 displays the
annual P/PET ratio, while Map 4.4 displays the P/PET ratio during the growing period.

2.6 Temperature

Average temperatures are dominantly controlled by elevation. There is an approximate
liner relation, with an average temperature gradient of about 0.65 C per 100meters
difference in elevation.

Map 5.1 shows the annual mean temperature. Maps 5.2 5.4 give mean daily temperature
during the growing period, hot season and cold seasons respectively.

Above 2300m altitude frost occurs regularly between mid October and March.

Map 5.6 gives the distribution of the occurrence of minimum temperature below 0 C.

2.7 Sunshine and radiation

Recorded sunshine annual average values are between 6 and 10 hours per day, which
corresponds to 50 to 80% of the theoretical maximum. The net solar radiation (Rns) has
been calculated from daily sunshine hours or, where available from solar radiation
measurements. The Rns per year is high in the high rainfall areas (5200-6000 MJ/m /year)
and in the dry interior (5500-6000 MJ/m /year) and higher

A griculnrd Researcli and Extension Authority (AREA ) Renewable Nanal Resources Research Centre
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(6000-6500 MJ/m /year) in the mountain area and intermountain plains.
Map 6.1 gives the annual Rns, Maps 6.2 and 6.3 show the daily Rns during the growing
period and cold season respectively.

2.8 Water harvesting

In sloping areas the runoff water from those tracts of land that are not cultivated is
collected and conveyed to the cultivated fields. The cultivated fields are established on
terraced land; the land that has been leveled by the construction of bench terraces.

The fields are ridged and the terrace wall contains a ridge to enable the water to
accumulate on the terrace and to infiltrate into the soil. When the terrace covered by water,
the supplementary water is conveyed to a lower terrace. Irrigation is not considered as
water harvesting.

2.9 Soil temperature regime

The term soil temperature regime refers to the fluctuation of the soil temperature at a depth
of 50cm over the year. At 50cm depth the influence of the daily air temperature variation
is minimized, and only seasonal variations are influencing the temperature.

Map.7 shows the distribution of the soil temperature regimes over Dhamar governorate.

2.10 Soil moisture regime

The soil moisture regime is an important characteristic of the soil, which is reflected in the
vegetation and soil development. The term soil moisture regime refers to the presence or
absence of water in specific parts of the soil (called the moisture control section), by
periods of the year. The upper boundary of the moisture control section is the depth to
which a dry soil will be moistened by 2.5cm of water within 24 hours, while the lower
boundary is the depth to which a dry soil will be moistened by 7.5cm of water within 48
hours.

Map 8.1 and Map 8.2 show the distribution of the soil moisture regimes over Dhamar
governorate without and with taking into account water harvesting practices respectively.

A ericulturd Research and Extension Authority (AREA ) Renewable Natoal Resources Research Centre
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3. Socio-economic factors
31 Population
According to census of 1994.the population of the some districts of Dhamar Governorate

in which have been involved in the farming system survey.

Table (1) rural and urban population

Districts Rural population Urban population Total
Dhamar Ans 156476 82920 239396
Maghrib Ans 41993 941 42934
Utmah 121682 326 122008
Total 320151 84187 404338
Percentage (%) 79.2 20.8 100

[ source : C.S.0,1996

The rural population of these districts represents about 79.2 %, While the urban

population represents approximately 20.8% of total population.

3.2

Agricultural land tenure

3.2.1 Types of land tenure

The following table shows the cultivated land per district included in the farming system
survey and types of land tenure. There are different types of agricultural land tenure
mainly: owned, shared and Wagf.

Table (2) agricultural land according to type of land tenure

Districts Total Owned land, Shared land, Wagqf,
cultivated land | ha ha ha
per district, ha

Dhamar Ans 6000 4750 803 447

Maghreb Ans | 2091 1680 235 176

Utmah 3143 2514 629 -

TOTAL 11,234 8,944 1,667 623

100 79.6 14.8 5.6

3.2.2 Size of land tenure

The general results of farming system survey, the following table shows holding size (ha)

and percentage of holding

A gricalid Researcl and Extension Authority (AREA ) Renewable Navsiral Resources Research Centre
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Table (3) Size of land tenure

Size of holding

(%)
<0.5 ha 49.4
0.5 2ha 413
2- 5ha 8.4
5 -10 ha 0.5
> 10 ha 0.4
TOTAL 100

Major of agricultural land (49.4%) is distributed into small size of land tenure up to
> 0.5 ha. And about (41.3%) of agricultural land is 0.5 to2ha. This means that more than
90% of land tenure ranged from <0.5 to 2 ha.

3.2.3 Agricultural land use:

Current land use very closely reflects the environmental factors while management
practices have evolved to mitigate the harshness of the environment and to maximize
returns from the land the time conserving resources.

The Central Highland is dominated by terraced land and cultivated high plains. However
it is consisting of the following land uses:

Terrace and wadi agriculture

Cultivated volcanic

Range land

The western highland is dominated by range of mountains and consisting of terraces and
wadi agriculture and range land.

Based on the farming survey included Dhamar Ans., Maghreb Ans. And Utmah; annual
crops occupy nearly 82% of total land use. The following table shows the distribution of
cultivated land according to use.

Table (4) Cultivated land distributions according to use(%)

Land use (%) use of cultivated land
Annual crops 81.6

Perennial crops 1.6

Follow land 134

Abandoned 4.4

Other use -

TOTAL 100

4. Agricultural production systems:

Rain-fed and irrigated production systems with supplementary irrigation related to agro-

climatic zones explained in the following table.

A gricalurd Research and Extension Authority (AREA ) Renewable Natural Resources Research Centre
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Table (5) Locations of zones where supplementary irrigation applied.

Rain-fed Irrigated
Crops Supplementary | Supplementary | wells Springs
- Runoff water | Pumped water

Barley Zones3,5 Zones 6,7 Zones 6,7 Zones3.5
Wheat Zones3,5 Zones 6,7 Zones 6,7 Zones3,5
White sorghum | Zones3,5 Zones 6,7 Zones 6,7 Zones3,5
Red sorghum - - - -

Maize Zones3,5 Zones 6,7 Zones 6,7 Zones3,5
Potato Zones3,5 Zones 6,7 Zones 6,7 Zones3,5
Tomato Zones3,5 - Zones 6,7 -

Lentils Zones3,5 - - -
Fenugreek Zones3,5 - - -
Pulses(beans Zones3,5 - = =

and peas)

Alfalfa Zones3,5 - Zones 6,7 -

The following table shows the cultivated area, crops according to production systems in

three districts: Dhamar Ans, Maghreb Ans and Utmah.

Table (6) Distribution of Cultivated Land according to Rainfed and Irrigated Production

Systems
Cultivated crops Rain-fed | Tube wells Springs Total

Irrigation Irrigation

sub-system sub-system

(ha) (ha) (ha) (ha)

Sorghum 13,515 | 683 a18 14,717
Wheat 3,710 283 162 4,155
Barley 3,096 1,247 35 4,378
Maize 565 29 27 621
Qat 309%* 130 291 730
Coffee
Total 21,195 2372 1,090 24,601
(%) 86.2 % 9.6 % 42 % 100

*As shown in the above table, Qat crop is cultivated widely under rain-fed irrigated

system, mainly in Maghreb Ans and Utmah.

According to water resources and topography the agricultural production systems can be

divided in to two main systems:

Cerenfterdd Research and Extension Authority (AAREA ) Renewable Noutral Resources Research Centre
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4.1  Rain-fed production system.

The cultivated land under rain-fed irrigated system is estimated nearly 21,195 ha,
represents about 86.2% of total cultivated land. Rain-fed crops are usually grown in the
terraces and on the lands are far of sources of water. The following table shown the
cropping pattern of different rain-fed crops: sorghum, wheat, barley maize and qat crops
occupy 63.8%, 17.5%, 14.5%, 2.7% and 1.5% of total rain-fed area respectively.

Table (7) Cropping pattern of Rain-fed crops
in Dhamar ans, Maghreb ans and Utmah

Rain-fed crops Rain-fed area (%)
Sorghum 63.8
Wheat 17.5
Barley 14.5
Maize 2.7
Qat 1.5
Total 100

4.2  Irrigated production system.
Irrigated production system has classified into two sub- systems which occupies about
3461ha, representing approximately 14.1% of total cultivated land.

a ) Tube Well Irrigated Production Sub-System: occupies about 2,372 ha, represents
69.6% of total irrigated land.

b) Springs Irrigation Sub System: Spring irrigation about 1,090 ha is cultivated under
this sub-system of irrigation, which represents nearly 32% of total irrigated area.

It has to be mentioned that coffee crop is planted particularly in both Maghreb Ans. and
Utmah districts under springs irrigation sub-system, by area about 9 ha and 47 ha
respectively.

Table(8) The cropping pattern according to types of irrigation sub-systems

Irrigated Area under tube Area under springs Total irrigated Cultivated
crops wells irrigation irrigation sub-system,(ha) area,(ha) area
sub-system, (ha) (%)
Sorghum 683 519 1202 34.7
Wheat 282 162 444 12.8
Barley 1,247 35 1282 37.1
Maize 29 27 56 1.6
Qat 130 291 421 12.2
Coffee - 56 56 1.6
Total 2371 1090 3461 100

(%) 68.5 31.5 100
9
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Table (9) Yields of crops grown in Dhamar Governorate

Crops Irrigated Yield Rain-fed Yield
levels(ton/ha) levels(ton/ha)

Barley 2-25 0.5-1.5
wheat 1.7-3 0.5-2
white sorghum 1.2-1.8 0.5-1
Red sorghum - 0.3-0.8
Maize 1.2-3 -
potato 10-20 3-8
Tomato 12-16 -
Lentil - 0.3-0.8
Fenugreek - 0.2-0.3
Peas - 0.1-0.3
Alfalfa 13-18 -

5. Range land and livestock production system:

Land not suitable for cultivation is used for livestock production. By for the greater part
of this land is range land which covers mountainous slopes and rocky and stony land.
Plant cover is generally sparse, consisting of scattered grasses and shrubs. The animal
population, mainly sheep and goats. This land is also used for water harvesting, whereby

runoff water is channelled by means shallow ditches onto adjacent cultivated land (Acres,

1978).

Livestock production system is an interacted and completed with both rain-fed production
system and irrigated production systems, where cattle are usually fed on crop product and
sub-products. Therefore, sorghum crop is widely cultivated to provide and insure a high
production of forage to feed their domestic animals, where cattle are fed by hand with

sorghum stalk, straw, alfalfa and household domestic waste.

According to agricultural statistics1985, the estimates of livestock number as indicated in

table (10).

Table(10) The estimates of livestock per district (heads)

District Sheep Goats Cattle Camels Donkey
Damar ans 159,874 15,768 17,599 2,443 11,973
Maghreb ans 18,517 9,676 5,329 1,062 3,792
Utmah 21,908 14,453 17,137 531 2,694

A griculird Research and Extension Authority (AREA ) Renewable Nanwal Resources Research Centve
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Conclusion

All the presented data conclude four production systems. They are rain-fed, irrigated,
supplementary and range and livestock production systems for the indicated pilot areas.
The represented data derived from report and maps statistics available in Renewable
Natural Resources Research Center, AREA prepared from various studies and research
activities.
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