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The climatic suitable ecotopes in China for introduction of almond

PAN Xiao-Yun's WANG Gen-Xuan'*, CAO Zi-Yi* (State Key Laboratory of Arid Agroecology .
Lanzhou University Lanzhou 730000, Chinas 2. Laboratory of Plant Physiology and Biochemistry. Gansu Agricultural
University s Lanzhou 730070 ,China)

Abstract : Multivariate techniques have been applied to the climate conditions of 46 selected sample plots.
The result shows that temperature and heat, precipitation and its distribution among the seasons (rainy
type)are the critical climatic factors to determine the introduction and cultivation of almond,specifically,
frost-free period (>>200d).Kira’s warmth index (113~ 167),annual mean temperature (>>12C),=>=10C
accumulated temperature (4000~ 6000 C),Kira’s coldness index (™—25) ,Kira’s humidity/aridity index for
growing period (<(2. 0), precipitation during the growing period (<{200mm)and duration of sunshine (>
2500h). Comparing with the original regions of cultivated almond .inadequate for accumulated temperature
and discordant climate conditions between aridity and heat is the common problem for China to introduce
almond. According to the climate conditions of temperature and aridity /humidity, the studied 46 sample
plots can be divided into 6 climate types. There are two climate types suitable for growing almond ,namely ,
Mediterranean type of climate and central-western Asia warm temperature arid climate. Kashi district,
Xingjiang,is the only region in China,which is in part of this climate type. Other sample plots in China
belong to the other two climate types which somewhat unsuitable for introducing almond. the first group is
characterized by inadequate for accumulated temperature., which includes Tianshui, Dalian, Qingyang.
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Baiyin., Zhangye (moderate temperature arid or semi-arid climate); Yuzhong. Huhehaote and Xining (cold
temperature semi-humid climate). The second group has adequate accumulated temperature but its growing
period is too humid. These areas includes Beijing, Tianjin,Shijiazhuang,Qingdao, Ji'nan,Zhengzhou,Xi'an,
Xuzhou(Warm temperature semi-humid climate).
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Table 1 Geographical positions of the sample plots
Latitude Longitude Altitude

Ordinal numbers Sample plots Country ) ) (m)
1 Davis USA 38 32N 121 46W 18
2 Sacramento USA 38 31N 121 30W 13
3 Alicante Spain 38 22N 00 30W 92
4 Murcia Spain 38 07N 01 09W 87
5 Cartagena Spain 37 41N 01 0OW 25
6 Avignon France 43 45N 04 50E 69
7 Marseille France 43 27N 05 13E 8
8 Bari Ttaly 41 08N 16 47E 49
9 Cagliari Ttaly 39 48N 17 39E 9
10 Agrigento Ttaly 37 20N 13 17E 2
11 Thessalonilki Greece 40 33N 23 01E 31
12 Athens Greece 37 58N 23 43E 107
13 Adana Turkey 36 59N 35 18E 20
14 Antalya Turkey 36 53N 30 42E 42
15 Tehran Iran 35 26N 51 38E 985
16 Kabul Afghanistan 35 33N 69 12E 1803
17 Ashkhabad Turkmenistan 38 07N 57 00E 770
18 Tashkent Uzbekistan 41 20N 69 21E 479
19 Dusbak Tadzhikistan 37 49N 65 13E 850
20 Osh Kirghizia 40 27N 73 40E 680
21 Kashi China 39 28N 76 05E 1100
22 Shache China 38 26N 77 16E 1231
23 Hetian China 37 08N 79 56E 1375
24 Yingjisha China 39 05N 76 32E 1200
25 Wulumugi China 43 54N 87 28E 654
26 Xining China 36 35N 101 55E 2261
27 Yinchuan China 38 29N 106 13E 1112
28 Zhangye China 38 56N 100 26E 1483
29 Wuwei China 37 55N 102 40E 1531
30 Baiyin China 36 33N 104 11E 1707
31 Lanzhou China 36 03N 103 53E 1512
32 Yuzhong China 35 52N 104 09E 1874
33 Qingyang China 35 59N 106 54E 1094
34 Pingliang China 35 33N 106 40E 1347
35 Tianshui China 34 35N 105 45E 1132
36 Huhehaote China 41 27N 11143E 1062
37 Taiyuan China 37 47N 112 33E 778
38 Dalian China 38 54N 121 38E 94
39 Xi'an China 34 18N 108 56E 397
40 Beijing China 39 48N 116 28E 31
41 Tianjing China 39 06N 117 10E 3
42 Shijiazhuang China 38 13N 114 39E 87
43 Zhengzhou China 36 43N 113 39E 110
44 Ji'nan China 36 41N 116 59E 63
45 Qingdao China 36 09N 120 25E 17
46 Xuzhou China 34 17N 117 18E 43
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2) s 1 Table 2 The loads of ten climatic factors on
>10C , the first three principle components
. R Climatic factors Fy F, Fs
2 1 . 2 (CHO 0.41 0.16  —0.02
e 0.41 0.13 0. 04
. 3 1.2 R \ 0. 37 0.22 —0.09
=10C cCHW 0. 40 0.17 0.07
° &) 0.42  0.05 0. 04
@ (mm) —0. 26 0. 40 0. 06
[14] k) —0.32 0. 35 0. 06
® (mm) 0.01  0.53 0. 20
’ ’ 9 (k) —0.13 0.51 0.15
N U (h) 0.03 —0.24 0. 96
[15.16] w 5.36 3.12 0. 89
b ’ P
2% 53.6  31.2 8.9
° B 53.6  84.8 93.7
’ ’ (D Annual mean temperature; 2) Warmth index; ©&)
’ N ( Coldness index; @) =10 C accumulated temperature; &)
7.2C 300~500h) , Frost-free period; (©) Precipitation during growing period ;
(  180~240d, N 120 @ Humidity/aridity index for growing period; ® Annual
~180d)t, mean precipitation; (9 Annual humidity/aridity index; (0
( ) R Duration of sunshine; (1 Eigenvalue; (2 Contribution of
, , variance; (3 Accumulated
b, s . ( ) .
1 46 10 PCA ( 84.8%) s C 1 )
s C 2 o , 46
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Table 3 Climate types for the 46 sample plots

Type Annualmean Warmth — Coldness Frost-free

index index

WV

=10 C accumulated

Climate conditions during the growing period of almond

C

Precipitation during

Humidity/aridity index Annual mean Duration of

sunshine

temp. period temp. growing period for growing period  precipitation
I*16.9"* 143.1 0 298 5000 128 1. 14 515 2725
I 13.9 120.0 —15 257 4371 46 0. 38 176 2720
n 13.1 112.9 —17 206 4450 487 4. 45 628 2619
v 9.7 84.7 —26 180 3291 414 4.43 528 2500
N 7.7 78.2 —46 163 3068 164 1.82 217 2783
VI 6.0 61.4 —49 145 2403 330 4. 32 397 2767
* [~V 1. Climate types I ~ VW see Fig. 1., % * . The data is the average of
the sample plots
2.2
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1 46 PCA

Fig. 1 Result of PCA ordination of the sample plots(No. 1~46 see table 1)

I Mediterranean type of climate; I - Central-western Asia warm

temperature arid climate; Il Warm temperature semi-humid climate; IV Moderate

temperature semi-humid climate; V Moderate temperature arid or semi-arid climate; VI

Cold temperature semi-humid climate
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Fig. 2 Dendrogram of the 46 sample plots based on climate conditions (UPGMA Method)
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Table 4 Some critical climatic indices for almond growing

Temperature and heat Precipitation and aridity index

=10C Duration of

Annual  Coldness Frost-free Warmth ~ >>10C accumu-  Precipitation during Humidity/aridity index sunshine

mean temp. index period index lated temp. growing period for growing period
>12C >—25 >200d 113~167 4000~6000 C < 200mm 2.0 >>2500h
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