Annex 1.3

THE TABLE

FOR PROCESSING OF AGROMETEOROLOGICAL

PARAMETERS

1. Number of moisture-provided days for transpiration of plants

2. Actual yield from the pastures (kg/hectare)   

3. The yield calculated according to the model (kg/hectare)


Years
1
2
3


1
2
3

Erbent
1954
30
330
300

1987
22
200
220


55
10
130
100

88
12
120
120


56
22
220
220

89
9
60
90


57
19
170
190

1990
20
200
200


58
20
200
200

91
10
120
100


59
16
140
160

92
19
180
190


1960
10
70
100

93
13
140
130


61
7
60
70

94
6
70
60


62
5
80
50

95
9
90
90


63
13
160
130

96
16
160
160


64
8
70
80

97
10
90
100


65
9
120
90

98
9
80
90


66
21
220
210

99
2
30
20


67
12
100
120

2000
6
50
60


68
30
290
300







69
12
120
120







1970
7
100
70







71
14
150
140







72
14
160
140







73
8
70
80







74
11
130
110







75
6
80
60







76
7
70
70







77
9
110
90







78
25
220
250







79
24
250
240







1980
10
60
100







81
25
260
250







82
6
80
60







83
8
80
80







84
9
70
90







85
8
60
80







86
5
70
50






THE TABLE

FOR PROCESSING OF AGROMETEOROLOGICAL

PARAMETERS

1. Number of moisture-provided days for transpiration of plants

2. Actual yield from the pastures (kg/hectare)   

3. The yield calculated according to the model (kg/hectare)


Years
1
2
3


1
2
3

Karykul
1963
27
300
270

1999
17
180
170


65
11
110
110

2000
6
80
60


66
28
320
280







67
13
90
130







68
20
210
200







69
20
200
200







1970
14
180
140







71
19
200
190







72
8
100
80







74
21
240
210







75
12
140
120







76
22
220
220







77
13
180
130







78
28
290
280







79
23
230
230







1980
20
220
200







81
29
350
290







82
21
220
210







83
5
30
50







84
12
150
120







85
28
310
280







86
21
210
210







87
11
100
110







89
7
120
70







1990
12
140
120







91
13
150
130







92
21
250
210







93
8
80
80







94
9
110
90







95
7
70
70







96
17
170
170







97
21
200
210







98
18
190
180






TCX-11

THE TABLE

FOR PROCESSING OF AGROMETEOROLOGICAL

PARAMETERS

1. Number of moisture-provided days for transpiration of plants

2. Actual yield from the pastures (kg/hectare)   

3. The yield calculated according to the model (kg/hectare)


Years
1
2
3


1
2
3

Repetek
1952
27
280
270

1989
9
90
90


53
17
210
170

1990
13
150
13


54
15
130
150

91
14
140
140


55
13
150
130

92
13
150
130


56
17
200
170

93
22
240
220


57
15
150
150

94
8
10
80


58
16
200
160

95
5
60
50


59
22
260
220

96
13
160
130


1960
16
170
160

97
22
250
220


61
9
120
90

98
19
200
190


62
14
130
140

99
13
145
130


63
12
180
120







66
15
190
150







69
25
250
250







1970
5
50
50







71
12
120
120







72
8
100
80







73
21
260
210







74
9
80
90







75
13
130
130







76
11
100
110







77
10
120
100







79
13
130
130







1980
9
100
90







81
21
210
210







82
10
120
100







83
11
150
110







84
14
140
140







85
13
140
130







86
9
90
90







87
23
290
230







88
8
100
80






TCX-11

THE TABLE

FOR PROCESSING OF AGROMETEOROLOGICAL

PARAMETERS

1. Number of moisture-provided days for transpiration of plants

2. Actual yield from the pastures (kg/hectare)   

3. The yield calculated according to the model (kg/hectare)


Years
1
2
3


1
2
3

Uchadji
1940
20
250
200

1982
23
230
230


42
10
120
100

83
13
130
130


43
27
260
170

84
11
100
110


44
8
90
80

85
14
150
140


45
17
240
170

86
10
100
100


46
17
220
170

87
19
210
190


1950
15
210
150

88
14
150
140


52
29
360
290

89
13
120
130


53
26
320
260

1990
11
130
110


56
21
250
210

91
19
210
190


57
19
200
190

92
20
200
200


58
28
260
280

93
25
260
250


59
32
380
320

94
13
130
130


1960
13
180
130

95
17
200
170


1961
13
130
130

96
18
210
180


1963
15
180
150

97
18
170
180


64
30
370
300

98
15
150
150


65
9
120
90

99
12
130
120


67
19
220
190

2000
10
90
100


68
9
120
90







69
31
300
310







1970
11
160
110







72
11
130
110







73
22
290
220







74
18
180
180







75
10
80
100







76
12
120
120







77
4
40
40







78
18
180
180







79
8
100
80







1980
19
220
190







81
29
300
290






Annex 1.3:  Scientific substantiation of moisture-providing model of transpiration of the arid pastures grassy vegetation

M Nurburdiev

Institute of Deserts, Flora and Fauna
Up to present several complex parameters are developed, which assist to reveal dependence of productivity of pasturable plants and agricultural cultures and meteorological conditions of environment (2,3,4,5). In these works the rainfalls, the sums of temperatures, hydrothermal factors and various factors of humidifying of territories are used more often.
In arid conditions, where the weather conditions of the vegetation period of pasturable plants are extremely variable, it is necessary to reveal such factors of the climate, which render decisive influence on growth and development of plants both during the separate periods of vegetation, and for all period.
The analysis of climatic conditions (by thirty meteorological stations) for the period since 1940 till 2000 shows, that in the desert Karakum absolutely all years such conditions on the moisture and heat-providing of plants braking or stopping growth and development of plants are marked. Under these conditions the especially important is the definition of decade or monthly needs of plants for a moisture and heat, as the relation of actual size of these factors to needs of plants determines the degree of favorability of moisture and heat-providing of plants for the given period.
1.
 Needs of plants in moisture
The long-term researches in various climatic conditions have proved, that the needs of plants in moisture is close to potential evaporation from an active surface of the sown areas and pastures.
According to the data of M.I. Budyko (1) the radiation balance determines size of potential evaporation (Ео) for the long period of time, if the field is sufficiently humidified:
Ео = R/L, 

where 
Ео 
is the potential evaporation, mm
R 
is radiation balance of the humidified surface, kal/cm2, 
L
heat consumption for evaporation, kal/g (0,6 kkal/g or 600 kal/g).

V.M. Stepanov (5) under the above-stated formula has calculated the evaporation for the period with temperature of air higher than 50С as equal to 270 mm (Arkhangelsk), 350 mm (Leningrad), 400 mm (Sverdlovsk and Gorkiy); the sums of temperatures (∑t) for the same period accordingly are equal to 1400, 1800, 2100, 22000С. From the ratio of ∑t and E0 it is visible, that the sums of temperatures approximately in 5 times exceed potential evaporation. Hence, for evaporation of approximately 1 mm of the moisture (Ео) from the  surface of the field having an optimum stock of the moisture and the damp surface in the period of vegetation is necessary approximately 0,2 ∑t or Eo = 2CDt - average decade temperature for the period of vegetation. The potential evaporation from the surface of sown areas consists of the following components: 1) evaporation through transpiration of plants and 2) evaporation from a surface of the ground.
It is well known, that from a surface of sown areas of Lucerne (Medikago), wheat (Triticum), Barley (Hordeum) and other continuous sown areas of plants the evaporation for the account of transpiration and from a surface of ground are equal to 50 %. Hence, from account of potential evaporation with factor 2 to average decade temperatures it is easy to calculate the potential transpiration, supposing that it makes 50 % of general potential transpiration. In this case the potential transpiration of the moisture is approximately equal to average decade temperature of air (CDt), if the values of temperature do not stop transpiration of plants.
The long-term experiences have shown, that under condition of supplying the pasturable plants by the moisture the large influence to growth rate and accumulation of green weight herbage is rendered by  the air temperature.
According to our researches, the greatest decade gain of a crop of pasturable grasses is observed at average decade air temperature of 12-160С. Below or above specified limits of temperature the decade gain of green weight sharply decreases. At temperature 50С begins the  growing of grasses, and at average decade air temperature higher of 160С the gain of green weight of grasses practically stops. Therefore the period of transition of average decade air temperature through the 50С level, when the average temperature is 160С is accepted by us as the active vegetation period for accumulation of green weight of grasses. Hence, the need of pasturable grasses in moisture can be expressed as CDt5-160.
2.
 Actual level of moisture-providing of grasses in Karakum
In territory of the desert Karakum the growth and development of pasturable plants annually occurs in conditions of sharp lacks of the moisture and surplus of heat. Even when the most damp years during the most of part of the vegetation period are observed, the plants develop in conditions of a drought. For example, in 1966 in the Central Karakum Station "Karrykul" within one year 170 mm of rainfalls have dropped out. The vegetation of grasses took place within 75 days. From them moisture-provided days are 28, and droughty - 47 days. The maximal yield of grasses has made 320 kg/ha.
At average annual norm of rainfalls about 150 mm in "Karrykul", for the various years they are varied within the limits of 75-287 mm, and the crop of grasses varies accordingly from 30 up to 448 kg/ha.
The long-term stationary researches in area Karrykul have shown, that the size of the maximal yield of grasses depends not only on amount of atmospheric precipitation, but also from their favorable combination with the air temperatures. So, in 1964 at rainfalls of smaller norm (141 mm) is marked the highest crop (430 kg/ha) of grasses due to plentiful rainfalls during the period February-April and optimum average decade air temperature 11-150С  in March and April, fig. 1а.
During years with average harvests the prevailing rainfalls drop out in the autumn-winter or spring period with favorable temperatures of air in March and April, fig. 1b.
During the poor harvest years, as a rule, autumn-winter and the spring periods there are only insignificant rainfalls. March basically is cold. Favorable temperature (10-150С) is marked in the 1st decade of March and per 1-2 decades of April, fig. 1c.
In this connection, with the purposes of study of the moisture consumption the grassy plants of  pastures of sandy deserts Central Karakum by us within 3 years, during intensive development of plants (spring), carry out supervision over total evaporation of the pasture. The investigations were carried out with the help of evaporators GGI-500х50, in which the sandy monoliths with herbage and without them were incorporated. Comparing sizes of evaporation of monoliths with herbage and through the control it was possible to calculate a share of transpiration of herbage. It is appeared, that in conditions of Central Karakum the share of moisture, evaporated  by herbage, and also factor of consumption of the dropped out rainfalls is significantly less, than for grain agricultural cultures (3).
The established factor of moisture consuming allows to construct the model for calculation of parameters of moisture providing during transpiration of grasses (PVT).
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where ∑0 is the sum of rainfalls for one decade or month, mm;
К - operating ratio of rainfalls during herbage;
CDt5-16 is the average decade air temperature for the period from + 5 up to + 160С;
PVT can change from 0 up to 1. PVT 0,5 means, that the transpiration of plants during the given period was supplied with a moisture on 50 %.
Parameters of moisture-provided transpiration for one decade or for one month multiplied for number of days in decade means how many days within one decade or month of transpiration the plants were supplied by moisture (VD):
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The relation of numbers of moisture-provided days with an annual maximal yield of grasses has appeared functional with the correlation factor R=0,94-0,90. Therefore the sum of moisture-provided days for the period with air temperature 5-160С multiplied to the factor 10 (regression factor) corresponds to the maximal yield for the given year (kg/ha):
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The factor of regress equal 10 is accepted by us for all territory of Karakums. Having the number of moisture-provided days, the exactest size of harvest in kg/ha can be received from the diagrams given in the  fig. 2. For example, for 20 moisture provided days in Erbent correspond to 200 kg/ha of the harvest, in Karrykul 216 kg, in Repetek 220 kg and in Uchadji 232 kg/ha, see fig. 2а,b,c,d.
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Information about the average air temperature (0С) 

in Gekdepe and Bayramaly regions
Table 1

Name of regions
Name of meteorological stations
The months
Year
Absolute maximum
Absolute  minimum
Transition date through the temp.

+ 50С
Transition date through the temp.

+ 160С
The sum of tempe-ratures above 5 0С



I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII







Gekdepe
Gekdepe
1.0
4.1
9.1
15.4
22.9
28.3
30.3
29.1
23.9
16.5
8.4
3.8
16.1
46
-26
19 II
18 IV
5703


Garrygul
0.7
3.8
9.4
16.0
23.5
28.9
31.2
29.7
24.0
16.5
8.3
2.7
16.2
47
-28
23 II
14 IV
5780


Bokordak
0.4
3.5
9.7
16.6
24.4
29.4
31.9
30.3
24.2
16.6
8.2
2.7
16.4
47
-28
23 II
16 IV
5870


Erbent
-0.6
2.7
9.0
16.3
23.9
29.0
31.4
29.7
23.5
15.6
7.2
1.9
15.8
47
-29
17 II
16 IV
5651

Bayramaly
Bayramaly
1.5
4.8
9.7
16.8
23.2
27.8
30.2
28.5
22.8
15.4
8.6
3.3
16.0
48
-26
16 II
18 IV
5693   


Ucadji
1.4
4.8
10.3
17.5
24.7
29.8
32.4
30.3
23.3
15.1
7.9
3.2
16.7
49
-29
15 II
15 IV
5933


Repetek
1.1
4.2
9.9
17.6
24.2
28.9
31.2
29.2
22.1
14.6
7.5
2.9
16.1
50
-31
19 Ii
15 IV
5719


Eloten
1.8
4.8
9.7
16.6
22.9
27.0
28.8
26.5
20.9
14.7
8.5
4.2
15.6
46
-28
15 Ii
16 IV
5485

Information about the average rainfalls

in Gekdepe and Bayramaly regions
Table 2

Name of regions
Name of meteorological stations
The months
XI-III
IV-X
Year



I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII




Gekdepe
Gekdepe
24
27
48
41
26
9
5
2
2
14
19
19
137
99
236


Garrygul
19
24
36
33
18
6
3
1
1
10
14
17
120
62
182


Bokordak
14
23
29
28
12
5
1
1
1
7
10
17
93
55
148


Erbent
12
21
25
24
10
4
1
1
1
6
8
15
81
47
128

Bayramaly
Bayramaly
24
23
36
28
10
1
0
0
0
6
11
18
112
45
157


Ucadji
23
22
33
23
9
1
0
0
0
6
9
16
103
39
142


Repetek
22
20
30
24
10
2
1
0
0
5
10
15
97
42
139


Eloten
28
25
39
31
12
1
0
0
0
7
12
18
122
51
173

_1085304487.unknown

_1085304639.unknown

_1085304654.unknown

_1085303701.unknown

