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Table 1 Meteorological data and primary productivity of grassland
4~9 b >0°CAEM 4~9
TPVt sl UL ICL L il
Area . K . K K Humidity Sunshine Frost-free e
classification District tempeorature from A;:r to average cumula:tlve precipitation from April to evap?ratlon degree hours/h  period/d productivity
/°C Sept/ ‘C temperature/ ‘C /mm September/ mm capacity/ mm /kg « hm—2
FRX 4R )1] Yinchuan 8.5 18.4 3754.8 202. 8 167.9 1583.2 0. 540 3054.0 167.0 494, 0
Arid area 7k 7* Yongning 8.6 17.9 3742.6 202. 2 152. 5 1787.3 0. 540 2 882.3 167.0 424. 3
#7822 Helan 8.3 18.2 3703.0 193.1 158.6 1747.1 0.521 2 905.0 158.0 579. 8
SE-% Pingluo 8.2 18.2 3688.0 183.6 156. 3 1756.8 0. 498 3106.9 158.0 567.3
B & Taole 8.1 18.4 3718.7 189.9 154.3 2 249.5 0.511 3135.2 160. 0 490. 7
H& Huinong 8.3 17.8 3 690.6 183.4 147.5 1742.3 0.497 3 060.5 162.0 490. 8
B Wuzhong 8.8 18.4 3 742.7 193.3 154. 8 2013.7 0.516 2 905. 2 170.0 521. 8
F 4l Qingtongxia 8.8 18.4 3742.6 185.4 149.1 2 085.9 0. 495 2 822.8 158.0 370. 1
H T Zhongwei 8.4 17.7 3 666. 2 185.9 160. 6 1 958.0 0. 507 2 839.6 156.0 305.0
H1* Zhongning 9.2 16. 3 3 868.0 222.9 189. 2 2 055.3 0.576 2934.9 176. 5 338.4
R Lingwu 8.9 18.8 3831.3 212.1 166. 6 1928.3 0. 554 3 006.0 167.0 504. 3
¥t Yanchi 7.7 17.5 3476.7 296.5 214.6 2131.7 0. 853 2 880.9 140. 0 645. 9
[&].> Tongxin 8.4 18.0 3 666. 4 277.0 210. 2 2 299. 8 0. 756 3 053.8 150. 0 696. 9
FTRKX ¥ Haiyuan 7.0 15.1 3072.8 403.2 3115 2152.8 1312 27527 1350 867. 2
Semiarid area [ J& Guyuan 6.2 14.0 2913.7 478.2 380. 9 17726 1.641  2739.6  140.0  1095.8
P Xiji 5.3 12.1 2672.1 434.7 327.6 1 480.8 1. 627 2 383.1 130.0 869. 4
[#f Longde 5.1 11.6 2 552.8 553.3 478.9 1398.8 2. 167 2 269.1 133.0 1819.2
¥2 ¥R Jingyuan 5.8 12.6 2 650.7 650. 9 542. 8 1426.5 2. 456 2 247.2 132.0 3 710.2
#H Pengyang 7.0 15.0 3097.3 613. 4 493. 4 2 146.9 1. 980 2518.0 160. 0 965. 7

[FlCs T B AR P LR R B2 KT
FEBNAEL, BIE BATEESRIZLEFER
543 e K B A e /ML, 0 385 24 4 40 IX ], BT K
ETREXRKREMSERER SN 3 MEHRGE 2),
1% 8180 >2.0, mE M AME LTS5/ /0N
—0. 6~2. 0, A FEH T By o . T R4 e A = R
6 N THE LA E 0 H<<—0.6, 032 kTP
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Table 2

FREERSBEFRIESKET

Score of the principal components and composite score of sample in arid area

AR K B (286. 8 mm) ,F 1 4~9 H KR (212. 4
mm) A1 Y8 IE B (0. 805) B B & FHE 2 NMEY, Hiith
SEWIR AT St » 9 560. 4 kg/hnt s R RIS SR
BRSO SRR B R SRS R R, H
AR R K B (193.0 mm), E¥ 4~9 H FEK & (156. 6
mmm) FIPE BB B (0. S1DFAR R S S R F i
WG 77 A7 (511, 24 kg/hm?) F 125 (421. 72 keg/hm®) &
(3. HFEHZRFAMNEILFE A —E LE
AR,

BB

%1 ERS
The first principal

5 2 B

The second principal

The third principal

5 3 EMor 5 4 Mo

s 2
The fourth principal wals ¥ N

Composite score Sequence Grade
component component component component
4R)1] Yinchuan —1. 202 —0. 601 0.725 —1.125 —0. 747 12 m
7k 7* Yongning —1.128 0. 289 —0. 907 —0. 330 —0. 639 10 Il
%24 Helan —0. 519 —0. 940 —0. 935 —0. 329 —0. 605 9 Il
% Pingluo —0. 680 —1.718 0. 691 —0. 856 —0. 710 11 m
B & Taole —0. 178 —1.295 1.596 0. 901 —0. 104 4 1
B & Huinong —1. 041 —1.145 0. 148 —1.124 —0. 854 13 m
£ i Wuzhong —1.417 0.413 —0. 308 0. 938 —0. 575 8 I
F 4l Qingtongxia —1. 070 0. 084 —1. 263 1. 637 —0. 524 7 1
H T Zhongwei —0. 095 —0. 272 —1. 641 0.134 —0. 290 5 1
5% Zhongning —0. 853 4.121 0. 243 —0. 997 0.412 3 I
RIK Lingwu —1. 344 0. 490 1. 043 0. 873 —0. 367 6 I
b Yanchi 5. 999 —0. 274 —0. 894 —0. 426 2. 806 1 1
[&]> Tongxin 3.529 0. 847 1.501 0. 703 2.195 2 1
T Contribution rate
iiﬁi}fﬁjﬂiﬁnw/ % 50. 17 21.82 11. 84 8. 80
ftie‘l/'fﬁ #R Cumulative contribution 50.17 7. 99 8383 92,63
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Table 3 Average meteorological factors and the average primary productivityin grasslands of the arid areas
4~9 A PHRRAEE =0 CAEMIR FERKE 4~9 ARKE  FRRE ; [UEC ]
REFRES  FHRE o o WHEE HEEE R )
. X Average temperature ~ —=>0°C Annual Annual Precipitation Annual o X Primary
Climate quality =~ Mean annual ) . K Humidity Sunshine Frost-free L
d . ture/C from Apr to average cumulative precipitation  from Apr to  evaporation d hours/h iod/d productivity
grade emperature Sept/C temperature/ “C /mm Sept/ mm capacity/ mm ceree ours pert /kg « hm—2
T4 First class 8.1 17.8 3571.6 286. 8 212. 4 2215.8 0. 805 2 967.4 145 671. 40
14 Second class 8.7 18.0 3761.6 198. 3 162.4 2 048.5 0. 527 2 940. 6 165 421.72
M4 Third class 8.4 18.1 3715.8 193.0 156. 6 1723.3 0.519 3001.7 162 511.24

2.1.2 TRUMXFEHIRNTHEHAT HHXR
xR 13 AR 9 IR T KA SKCHRE
(R O, T RXFEHBEAT I E5IRE TR E
WGP Ay :4~9 A i 7K B> 4F [ K B >R i BE > 4R R R
B>>0CHERE> H RN HC>4~9 A PR E>T5HE
WI>FYRRE . MR HEF AT LUA H,4~9 H Bk
BVERKER B ERMER LR S REA T KRR R
N X 4 AR T2 Ko N T 5% 1 B K 23
Je TR X R R A ) i T Z R T, BT
FH 4~9 ARKERREENT.
F4 TREUREMYRESTNMSKEF
HIKEEHE P

Table 4 Sequence of relative degree between

grassland productivity and meteorological factors

KIRBE

LA L 2 Aiﬁi%lﬂ?ﬁﬁ%ﬂfiﬁﬁ%ﬁﬁtﬂﬂﬁ?é
WX 6 AT ERRFMIRNT LA/, RS AT
M, TRAETRX 6 AHE S %%f"ﬁ%%( S
TERF) R BRI Z 18 R e R 7
HHREDE, R T R X El RN TR, T
HATRKX 6 MR DN 2 MFR IF581855>0,
A9 32 FH U TR [ D, 32 4t X RT R g 2k T B O T X5 1T
SRR <0, IHERIE U E MR, % X AT KA
FTRRIRX . 20 R E RS B RSB IRER
BRGNS SFHAE SeRAM TR T A& . Hh
FAERKER,UHR 4~9 AP ERPIBKRUIS
LRI X 1 87. 9%, SR IF I R & W% 1 2
FH 98 i A0 [ i 45 3l I F) B 3t SF 359 9] 4% A= 7 g 976. 2
kg/hm’® , GRS BT B ISR A F IR 74 5 PR R A5 3t IX
I F A A 7 T RS 2 132. 9 kg/hm? (R 6)

SEHT Relai HeP
elative
Meteorological factors 4 Sequence ﬁ 5 E'ﬁ:F':F. l: iﬁ‘zﬁ ﬁ&ﬁz&%ﬁ ﬁﬁ
legree
AEI4VE B Mean annual temperature/ °C 0. 2993 9 Table 5 Score of the principal components and
4~9 AR EE Average temperature from April to September/°C 0. 3542 7 composite score of sample in semiarid area
=0 CAEMIE >=0°C Annual average cumulative temperature/ ‘C 0. 3735 5 %1 FWA B2 EWH .
. ZATRA
4EF&7K & Annual precipitation/ mm 0. 4501 2 The first ~ The second Composite HeF FH
4~9 H 47K & Precipitation from April to September /mm 0. 4834 1 principal principal score Sequence  Grade
component  component
4E76 & & Annual evaporation capacity/mm 0. 3989 4 -
0 Humidity d 0. 4350 5 % i Haiyuan 3.387 —1.230 1.772 2 1
t .
B urmidity degree [# Jfi Guyuan 1. 363 —0. 576 0. 688 3 1
%% Sunshine hours/h 0. 3690 6
B RS Sunsbine _u“/ i Xii —1.077  —2.222  —1.38 5 1
T FE ] Frost-free period/d 0. 3446 8 K Longde 5 909 0,999 192 6 I
2.2 PTREMXFEMS G RE I S5HHAE TR %3 Jingyuan —2.747 1384  —1316 4 1
2.2.1 45:':%% Eﬁﬂ %ﬁﬁﬂzm Iﬁ#—&ﬁjﬁ} ﬁ ¥ [ Pengyang 1. 983 2. 874 2. 169 1 1
& E RS TR
MAPT TR 6 AR O AR T E  FP s o
NN N N RO
RAPSLHT TN 2 1A B TR 95.26%,  morsnn L
[V f 2N > i 0 : :
T 2 AR AT LLRE 9 R TR R R, B G o X
%6 FTFEXEMHENSKEFMEHNRES S
Table 6 Average meteorological factors and the average primary productivity in grasslands of the semi-arid areas
4~9 & =0CEMIR ® 4~97 B R - M= H
wgmmEs  wamy 0 TORE 200F TR AREATR R W REME EEE
X X verage temperature ~ —>0°C Annual Annual Precipitation Annual o X Primary
Climate quality =~ Mean annual . . K Humidity Sunshine Frost-free L
N from Apr to average cumulative precipitation  from Apr to  evaporation K productivity
grade temperature/ °‘C N N . degree hours/h period/d
Sept/°C temperature/ °C /mm Sept/ mm capacity/ mm /kg + hm—2
T4 First class 6.7 14.7 3027.9 498. 3 395.3 2 024.1 1.6 2 670.1 145.0 976. 2
14 Second class 5.4 12.1 2 625.2 546. 3 449, 8 1435.4 2.1 2 299. 8 131.7 2 132.9

2.2.2 XTEMBXEMISEHNFSEMAET HHRR
Wi RPETFEMEX 6 AHER 9 MR N TR A%
BRI (E D, TR EYRE = HE5[L W T

KERREEHET R IR >4~9 ARk B> ERKE>T
FEWI> H B> >0 CAERR>4~9 A FERE>4F
WIRESER LR, NRBEEHF T UE S, BIEE.
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Table 7 Sequence of relative degree between

grassland productivity and meteorological factors

KIRBE

SEHT o HF
Meteorological factors Relaive Sequence
degree
AEIRE Mean annual temperature/ “C 0. 2527 8
4~9 HEHJIRE Average temperature from April to September/°C 0. 2530 7
=0°C4EMIR >=0°C annual average cumulative temperature/ ‘C 0. 2590 6
4ER#&7K & Annual precipitation/ mm 0. 3561 3
4~9 H 47K & Precipitation from April to September /mm 0. 4139 2
4E76 & & Annual evaporation capacity/mm 0. 2420 9
Y2 B Humidity degree 0. 4438 1
H F# A% Sunshine hours/h 0. 2571 5
TG Frost-free period/d 0. 2754 4

3 #itHitit

FIAERS S W FRS B SHX TE T 2
XAPET 2 X KRR IR R EHT T /RN
LR B TETREMXA 13 A TERREHS S
BRI R 3 AEY T R 6 T B RR T H
BERERIDN 2 NER., WFR55 R ek mESR
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LS i 2 RN [ s X R SR T ) R 3 R B T 3R

EMRAREGEY T BN E RS HHEN, BN
15 . 3 AEWRETE S5 R R 2 BE R CO, IR AR
FHEDT, BEIEFPEA—A X KR F A =5 &
Rk, % BEES ERZRNGE AW, ZHRBE S
BT X — L, TR X KRR EM SRR E NF
R E i TA —E LB E R, TSR R & F i
FIRI 9% 4 7 17 (511, 24 kg/hm?) 145 (421. 72 kg/hm?)
T REMXIFEFRLTEEEMO IR AT N

(2 132.9 kg/hm?) F145(976. 2 kg/hm® ) B &, Wik, T
B R RS R 8 55 ) R A BB 78 4 S I 7 3l )
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TEMARE T X, SERA R T ERET R
KA, KD ERBRB N TERBEN— KGR, T
BRI E T B MEBROL E R FERNE, @
PR TR X A T R X R AR R AT 1 5
SERRKRKESNAUES, TET R X KRR
WA 15 4~9 ABKEMER KBS K HRE
PIAA G, R UK 42 T B T F it X K AR B4 A4
PR EE RGP R T R X RIS A 4~9 A
Rk BSR4 N R B YIRS, 5 T FE I i AF e KA
R K A TE R R R 7 B2 T R X K
SRR AT I EERFE R, EHRREYET
HRAREG B E5SENFRR RN LR &EH
WRPUR, TEEERAEY ™ & 5K5HFREK
HEY K RBATERREG BN ERHE T, X
HZHRESR 2L,

S 30k

[1] THEHEEKEABRXZFBEERES. TERK A G XS5 i 54
[M. 7422 . 75 22 3 ] i R, 1998.
(2] JEJE 180, eG4 X H DPS $diab B R g (M. Jb e
R H R AL, 2005.
[3] &=, RIBHE, ARA 4. FoR 2 R AR R M B = B 50K 3
B F K @ R 4 LT ). b = R34 ,2007,27(3) :6-9.
(4] PhEE, Z0RE , AR, T 0 A B o A 7= AL T L o 1) 36
30T, BB, 2005,27(4) ;44-49.
(5] VE&HH ALEREL TW, % FEAEHMN AR ERMERE R
FPE R T, Bl R, 2002,19(2) :16-18.
[6] Vo, ZAK. 58w EEM A 1 5% E iR ELHKR
BEATLT]. BB, 2003,20(3) :8-12.
(7] ZEdese, s iRV, MEEAHREFRIEALBESSLHF
B SIAr BT T, B3R, 2001,9(3) : 232-238.
[8] R, BRYE, X s TERREGHFRESBERFRREAT
B RAGRLT]. HARIESIR,1989,4(1) :54-59.

The Relationship Between Meteorological Environmental Quality and
Primary Productivity of Natural Grassland in Ningxia

WANG Haixia' , WANG Dong-yun’ ,KONG Qiang® ,CHEN Yan-ling* , LAN Jian®
(1. Institute of Germplasm Resources, Ningxia Academy of Agricultural and Forestry, Yinchuan, Ningxia 750002; 2. Bureau of Forestry in

Lingwu City,Lingwu, Ningxia 750400; 3. Extension Services Center of Agriculture Mechanization in Lingwu City, Lingwu, Ningxia 7504003

4, Institute of Horticulture, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan, Ningxia 750021; 5. College of Agriculture,

Ningxia University, Yinchuan, Ningxia 750021)

Abstract; A comprehensive evaluation of the climate quality in Ningxia grassland, and a mutual relations between the

primary productivity of natural grassland and the various climatic factors were analyzed by using integrated principal

component factor scores and gray correlation analysis of the theory. The results showed that meteorological quality of the
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WGt , XS AT T 2500 AR S LA
S0, B B RFER S B QSR SE A 6 R B R s, A
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B T B A A P R IR T B A R RER
F B e BB AR LR 2 S K
1 MEEF*E
1.1 Rssk
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arid natural grassland in 13 cities and counties of Ningxia could divided into three grades;meteorological quality of the

semi-arid natural grassland of 6 cities and counties of Ningxia could be divided into two grades. The most important

meteorological factor constraining Ningxia primary productivity of natural grassland in arid areas was precipitation from

April to September, followed by annual precipitation, humidity degree, and annual evaporation. In contrast, the most

important meteorological factor in semi-arid regions was the humidity degree, followed by precipitation from April to

September,annual precipitation and frost-free period.

Key words: meteorological factors;primary productivity;natural grassland;grey correlation grade
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