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Relationship between phonological phase and
thermal conditions for alfalfa
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2 College of Agronomy , Northwest A&F University ,YangLing s Shaanxi 712100, China)

Abstract: [Objective)] Relationship between phonological phase and thermal conditions of alfalfa was
exposed to offer reference for high-yielding cultivation and breeding practices of alfalfa. [Method] Lower
limit temperature of different growth phases in alfalfa was discussed by effective accumulated temperature
method,also,change rule of thermal condition of different phonological phases for seven alfalfa varieties
was analyzed by thermal index in different growth phases and different cuttings. [Result) (1)Fall dorman-
cy cultivar, Ameristand201 revived and flowered late,required high average temperature. Semi-fall dorman-
cy cultivar such as Lobo, Meiguozajiao, Amerigraze401 and Apollo supreme were second. Non-fall dormancy
cultivar 13Rsupreme revived and flowered early,required low average temperature. (2)For alfalfa,from re-
viving to branching period, branching to budding period,budding to efflorescence period,and efflorescence
to pudding period,lower limit temperature was respectively (5. 6840. 61), (13, 95+1. 78), (17.37£ 2.
99),(21.83£0.95) C. (3) Alfalfa was harvested three times a year in efflorescence period,and the fourth
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cutting was harvested in branching later period in 2004. Interval days and effective accumulated tempera-

ture above 5 'C were respectively 236. 57 days and 4 570.9 1(d »+ ‘C) from reviving period to the last cut-
ting in a year,75.57 days and 1 036. 21 (d » C) for the first growth season,50 days and 1 163.80 (d + C)
for the second growth season, 61 days and 1 515. 50 (d ¢+ ‘C) for the third growth season, 50 days and

855.40(C d + C) for the forth growth season. [Conclusion] Temperature and phonological phase were close-

ly related. Alfalfa can not accomplish some growth stage and enter the next one,until temperature is up to

the lowest limitation with accumulated temperature for some growth stage.
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Table 1

Name, fall dormancy grade and origin of alfalfa varieties

f Ff Name of Variety

FRIR 2% % Fall dormancy grade

SRR R Origin

E A 201 Ameristand201
%52 Lobo

Mk 401 Amerigrazed01
GBI % Apollo supreme
#H g% 13R 13Rsupreme

3 EH 2428 8 Meiguozajiao
Hr g K it Xinjiang big leaf

2(CFKIR 5 Fh Fall dormancy variety)

S5CEFIR & P Semi- fall dormancy variety)
A CEFKIR & R Semi- fall dormancy variety)
4 CERKIR S Fh Semi- fall dormancy variety)
8 (JEFK IR i Fh Non- fall dormancy variety)
ACEFRIR 5 Fh Semi- fall dormancy variety)
3(FKHR &4 Fh Fall dormancy variety)

Z#E America
% [E America
% [H America
7 [E America
% E America
T H NingXia
HriE XinJiang
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Table 2 Development stages of different alfalfa varieties for the first cutting in 2004
SEAEH A 16 7 ] I3 B TFIEH] 4538
Variety of alfalfa Reviving period Branching period Budding period Flowing period Podding period

#i8m A M Xinjiang big leaf 03-01 03-30 04-26 05-10 05-24
F AN 201 Ameristand201 03-01 03-31 04-26 05-10 05-23
#3 Lobo 02-26 03-28 04-23 05-07 05-20
M 401 Amerigraze401 02-28 03-29 04-24 05-08 05-20
HH B3P Apollo supreme 02-28 03-29 04-24 05-09 05-22
5 [H 24 28 i Meiguozajiao 02-25 03-29 04-23 05-08 05-20
#HZ 13R 13Rsupreme 02-18 03-27 04-25 05-07 05-20
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T K 84, 86 d, =5 CAHZMIR K 1 230. 60
(de COEMEFMITH=5 CHMBEAR,
INELSE BT AL s =5 CABBIR R /N, hy 246. 64
(de O HHAMEMTEF =5 CHMBERE K. I

425.26 (d + C) s BEAS [RIBK R it #7555 JE BRI 2
i PR G 13R IR 5 B 45 3 P 5 Y I R] Oy 92 d =
5 CHAMBIE K1 262.5 (d » C) 1 HAth 5 F AR
T 2 45 3 fir 75 W 18]y 83 ~85 d. =5 C A5 R M
1189.6~1262.5 (d- C), XFHEEH TR
Sy RLBY B 45 AT 48 D7 (W s ) A =5 C A AR
ZE S BORFTEC, IR T 2 5343 BB P i o e 2
13R FT 48 15 (B[R] RN =5 C A5 ZCFR I 35 K T At
il s S B9 A2 B B A il A BT 28 3 (R B[] R =5 C
AR 2 SR

A LA AR R A E S A A E
1915 FLRKRR MR %5 U AR OC L AR BR IR M 2 46 5 4 AR
B IR BIR M S R R e R AR . 3
X FF AN BE U AR BR M S5 A S R S U F
W28 D W B ) L AR 9 =5 C A RCBIR AR, T Bk
I it Ao 2 B0 A A I i 8 g R I R G L IT R =5
CHBBE .



42 P AL AR MBI A2 4R (A SRR 2 B

537 &

*®3

00 FAREREERME | ERETNRAERGHTNL

Table 3 Change of thermal conditions for development stages of alfalfa varieties for the first cutting in 2004

R — 23 B

Reviving to Branching period

Branching to Budding period

SR — B BUH I — T AL

Budding to Flowering period

N =5 CHX N =5 CH%® N =5 CHH
iR LT /(dﬁ-%) H ¥ 12 ﬁ;/(dﬁ.%) H¥ & ﬁé/(f%) 5
Variety RLTPR A W/ C e /d T W/ C ] /d Y T/ C
Accumulated Accumulated Accumulated
Interval Average Interval Average Interval Average
days temperature temperature days temperature temperature days temperature temperature
) above 5 C ) above 5 C ) above 5 C
) (il u
ﬁ‘ﬁ%mj( 1— 29.00 270.90 9.96 27.00 438.90 16. 26 14. 00 255. 30 18. 24
Xinjiangbigleaf
EA ?01 30. 00 281. 60 9.98 26. 00 428. 20 16.47 14. 00 255. 30 18. 24
Ameristand201
JIT%O?)?—O 31.00 277.90 9.52 26. 00 417.10 16. 04 14. 00 238.10 17.01
17/
ik Af()l 30. 00 275. 80 9.79 26.00 416. 30 16.01 14. 00 243.90 17.42
Amerigraze401
205 B[y
BT % 30. 00 275. 80 9.79 26. 00 416. 30 16.01 15. 00 265.70 17.71
Apollo supreme
S s e
R [ A A 33.00 301. 60 9.68 25. 00 401. 90 16. 08 15. 00 258. 30 17. 22
Meiguozajiao
1o -
BB 1SR 38. 00 320. 70 8.91 29.00 458.10 15. 80 12.00 209. 90 17. 49
13Rsupreme
14 Average 31.57 286. 33 9.66 26.43 425. 26 16.09 14. 00 246. 64 17.62
FEAE Y] — 45 3E 8] IR W — 453
Flowering to Podding period Reviving to Podding period
R =5 CHBBIR/ B =5 CHMBIR/
Variety Ji] o5 B 11T/ (d+C) A¥RE/ C [1] g A [ / (d- C) A ¥R/ C
Interval Accumulated Average Interval Accumulated Average
days temperature temperature days temperature temperature
above 5 C above 5 C
i Kt Xinjiangbigleaf 14. 00 297. 20 21.23 84. 00 1 262. 30 16. 42
F A 201 Ameristand201 13. 00 276. 80 21.29 83. 00 1 241.90 16. 49
%% Lobo 13. 00 273. 80 21.06 84. 00 1 206. 90 15.91
Mk 401 Amerigraze401 12. 00 253. 60 21.13 82.00 1 189. 60 16. 09
YT B Apollo supreme 13.00 277. 80 21.37 84.00 1 235. 60 16. 22
£ [ 44 32 BE Meiguozajiao 12.00 253. 60 21.13 85. 00 1 215. 40 16. 03
#H Y 13R 13Rsupreme 13. 00 273. 80 21.06 92. 00 1 262.50 15. 81
S Average 12. 86 272.37 21.18 84. 86 1 230. 60 16. 14
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Table 4 Test of regress equation between growth stages and effective accumulated temperature above 5 C

RAFH — 7

Reviving period-Branching period

AR — AR
Branching period-Budding period

o A ML/ AE/ 2 X} iR 2%/ - XL {E / PIAE, Xt/ -
Variety d-C) d-C) d-C) *Exijffi d-C) d-C) 0T *}gx\ljxfﬁ
Observed Fitting Absolute e‘ atve Observed Fitting Absolute e atve
value value error error value value error error
B K Xinjiang bigleaf 270.9 271.72 0.824 3 0.003 0 438.9 433.23 5.670 6 0.012 9
A 201 Ameristand201 281.6 277. 40 4.196 3 0.014 9 428. 2 419. 28 8.922 1 0.020 8
% Lobo 277.9 283.08 5.183 2 0.018 7 417.1 419. 28 2.177°9 0. 005 2
Mk 401 Amerigraze401 275.8 277. 40 1.603 7 0.005 8 416. 3 419. 28 2.9779 0.007 2
Bl 2 Apollo supreme 275.8 277. 40 1.603 7 0.005 8 416. 3 419. 28 2.977 9 0.007 2
2 [F 4232 BE Meiguozajiao 301.6 294. 44 7.157 9 0.0237 401.9 405. 33 3.426 5 0.008 5
Y 13R 13Rsupreme 320.7 322. 84 2.139 4 0.006 7 458. 1 461.13 3.032 4 0.006 6
B ) — FFAE ) FFAE ) — 45 3E 0]
Budding period-Flowering period Flowering period-Podding period
g A L/ WEME/  AAIRE/ e X1 / WMAEME/  XR2E/ L on
Variety - ) @ C) e ) MHBE e e C) (e c) AR
Observed Fitting Absolute clative Observed Fitting Absolute clative
error error
value value error value value error
i K Xinjiang bigleaf 255.3 246. 64 8.657 1 0.033 9 297.2 297. 32 0.12 0.000 4
F A 201 Ameristand201 255.3 246. 64 8.657 1 0.033 9 276.8 275.49 1.31 0.004 7
%% Lobo 238.1 246. 64 8.542 9 0.035 9 273.8 275.49 1. 69 0.006 2
Mk 401 Amerigraze401 243.9 246. 64 2.742°9 0.011 2 253.6 253. 66 0. 06 0. 000 2
Y % Apollo supreme 265.7 264.01 1.690 5 0.006 4 277.8 275. 49 2.31 0.008 3
2 [ 232 BE Meiguozajiao 258. 3 264.01 5.709 5 0.022 1 253.6 253. 66 0. 06 0.000 2
#HZ 13R 13Rsupreme 209.9 211.91 2.009 5 0.009 6 273.8 275.49 1. 69 0.006 2
2.3 EUREBNEHEIHAEIER HEB S AE20~30 C, % B fE A KA Z RS E,

HH 2% 5 A1, S840 B A6 TE B VI % 2 b X 1 AR X))
FTOA L A SRR, 2AEXRL =5 C &
HRGFRN 4 570,91 (d « C), [a] Bg I 8] 2 236. 57
d,

BIEAHE®T =5 CHAXBIE YA
1036.21 (d+ C), [EPEETME 75.57 d; 55 2 HEE 15
=5 CHIA SR -1 1 163.80 (d« C) . [a]f&
BFIE] 50 ds 5% 3 HHAE T =5 C YA ZFBUR -1k
1515.50 (d« C), [mF@mi) 61 d; 55 4 HEHEH =
5 CHAG BRI 3 5 855. 40 (d » C), fa] F B ]
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TEFEGEWNERT . BAET B a6 b A N i
Ik Mish 2 A 3 R AF WL THEE, RER,

WA A IR AR R R T . 2R 4 2
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Table 5 Effective accumulated temperature of =5 C for different harvesting season of alfalfa varieties
1 #E X% The first cutting
BE—IFE AL — 55 1 RN R 1 RN
WAl I 25 il Reviving to flowering period Flowering to the first cutting Reviving to the first cutting
Variety Do TRImME =5 CAE  MREE =5 CAK  FWHE =5 CAK
et ctting S /(- C) /d BUR/(d+ O /d /(- C)
Interval ~ Accumulated tem-  Interval ~ Accumulated tem-  Interval =~ Accumulated tem-
days perature above 5 C days perature above 5 C days perature above 5 C
¥ #m A0t Xinjiangbig leaf 05-12 70. 00 965. 10 2.00 42.90 72. 00 1 008. 00
F A 201 Ameristand201 05-12 70. 00 965. 10 2.00 42.90 72.00 1 008. 00
% Lobo 05-12 71.00 933.10 5.00 108. 50 76.00 1 041. 60
Mk 401 Amerigraze401 05-12 70. 00 936. 00 4. 00 88. 30 74.00 1024. 30
T % Apollo supreme 05-12 71.00 957. 80 3. 00 66.50 74.00 1 024. 30
5 [H 4 32 fiE Meiguozajiao 05-12 73.00 961. 80 4. 00 88. 30 77.00 1 050. 10
#HY 13R 13Rsupreme 05-12 79.00 988. 70 5.00 108. 50 84. 00 1 097. 20
SE-H Average 05-12 72.00 958. 23 3.57 77.99 75.57 1036.21
2 # N # The second cutting
1N B —IF 4k FEAE— 55 2 A K 51 RN — 55 2 RN HE
X 1Al The first cutting to Flowering period to The first cutting to
i ‘*'Jr‘ FF 4 Date Aof the flowering period the second cutting the second cutting
Variety Flowering second [12] =5 CH® [12] =5 CH® [i2] s =5 CH®
period cuttin W /d o BUR/(d e C) mHE/d o BUR/ (A C) BE/d LR/ (d + C)
& Interval Accumulated tem- Interval Accumulated tem- Interval Accumulated tem-
days perature above 5 C  days perature above 5 C days perature above 5 C
FHrim KM Xinjiangbig lea 06-20 07-0 39. 00 47. 60 .00 316. 20 50. 00 3. 80
s Xi big leaf 6-2 7-01 847.6 11 16. 2 5 1163.8
F A\ 201 Ameristand201 06-19 07-01 38. 00 819. 00 12.00 344. 80 50. 00 1 163. 80
4% Lobo 06-17 07-01 36. 00 767. 20 14. 00 396. 60 50. 00 1163. 80
Mk 401 Amerigraze401 06-19 07-01 38.00 819. 00 12.00 344. 80 50. 00 1 163. 80
2% nf3) pollo supreme 06-19 07-0 38. 00 9. 00 .00 344. 80 50. 00 3. 80
H T % Apoll 6-1 7-01 8 81 12 44. 8 1163.8
5| 71242 He Meiguozajiao 06- 07-0 37.00 92. 80 3. 00 371.00 50. 00 3. 80
FEE AL A8 Meig ji 6-18 7-01 7 792.8 1 71 1163.8
#HY 13R 13Rsupreme 06-16 07-01 35.00 743.40 15. 00 420. 40 50. 00 1 163. 80
SEH Average 06-18 07-01 37.29 801. 14 12.71 362. 66 50. 00 1 163. 80
3 #EXF The third cutting
52 YW —IT 4k THAE— 55 3 RN HE 52 WA — 55 3 IR BE
N The second cutting Flowering period to The second cutting to
o gy TR floweri iod he third cutti he third cutti
) iR Date of the to flowering perio the third cutting the third cutting
Variety Flowering "¢ ' M TR —5 cAm mW =5 CAE WM =5 CAK
period cuttin B[] /d L/ (d» C) By [i] /d R /(d - C)  BfE)/d B/ (d - O
& Interval Accumulated tem- Interval Accumulated tem- Interval Accumulated tem-
days  perature above 5 C  days perature above 5 C days perature above 5 C
s K Xinjiangbig leaf 08-15 08-31 45. 00 1162.70 16. 00 352. 80 61.00 1 515.50
F A 201 Ameristand201 08-14 08-31 44. 00 1 142. 20 17.00 373. 30 61.00 1515.50
5 Lobo 08-10 08-31 40. 00 1 044. 80 21.00 470.70 61.00 1515.50
Mk 401 Amerigrazed01 08-14 08-31 44,00 1 142. 20 17.00 373. 30 61.00 1 515.50
BB B Apollo supreme 08-13 08-31 43.00 1 120. 30 18. 00 395. 20 61.00 1 515.50
2% [H 4 22 iE Meiguozajiao 08-13 08-31 43.00 1 120. 30 18. 00 395. 20 61.00 1 515.50
#H 2 13R 13Rsupreme 08-9 08-31 39. 00 1019. 20 22.00 496. 30 61.00 1 515.50
¥4 Average 08-12 08-31 42.57 1107.39 18.43 408. 11 61.00 1 515.50
4 FEX]# The fourth cutting
53 W — 438 I3RL— 55 4 A K 553 WM FE— 55 4 (RN HE
X ] The third cutting Branching period to The third cutting to
i ) i 3 1 Dé‘l;C of to branching period the fourth cutting the fourth cutting
Variety Branch O b [15] s =5 CH® [15] s =5 CH [i5] s =5 CH®
“ing period 0 i fi /d B/ (d + C) mHE/d o BUR/(de C) BE/d UL/ (d + C)
& Interval Accumulated tem- Interval Accumulated tem- Interval Accumulated tem-
days perature above 5 C  days perature above 5 C days perature above 5 C
AT Xinjiangbig leaf 10-19 10-20 49. 00 842, 40 1. 00 13. 00 50. 00 855. 10
F A 201 Ameristand201 10-19 10-20 49,00 842. 40 1. 00 13.00 50. 00 855. 40
#4% Lobo 10-18 10-20 48. 00 829. 30 2.00 26. 10 50. 00 855. 40
M 401 Amerigraze401 10-18 10-20 48. 00 829. 30 2.00 26.10 50. 00 855. 40
HZEBT) % Apollo supreme 10-18 10-20 48. 00 829. 30 2.00 26.10 50. 00 855. 40
5 [H 4 3¢ fiE Meiguozajiao 10-18 10-20 48. 00 829. 30 2.00 26. 10 50. 00 855. 40
#HY 13R 13Rsupreme 10-17 10-20 47. 00 816. 00 3. 00 39. 40 50. 00 855. 40
F Average 10-18 10-20 48. 14 831. 14 1. 86 24. 26 50. 00 855. 40
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Zaleski"™ #} 18 . 5 Bk IR B 78 &0 B AR L . AR B IR
an AR R R IR E R B E A R, X
AR 1L PG R R A8 A Sy 2 R R R K R
AR SR LSS AR A R R IR i A
W 2~4 d, i HGR T A BRI M SRR 5~6 dL A
Fp 2 S AEIR T e 1A K B AR RS 2k . AWFSEAS
[Fi) 55 46 B 7 A PR T 109 25 5 B L JE RO 1 O R
¢ 13R X Pk 9 BEOR BN, IR T BRI b A
N 201 T i R I X $A i f) E OR B L AR R ) 4R
M 13R M 13 d. IR F 5 A [ F e 46 B 1 315k
B WY 22 BN AT R A 2240 3~5 d BRI A
T gt Kk A E N 201 3k &4 F By B o FE A0
Xof 52 B o 17T S KR 1 5 RO 9 13RI BK IR A i
PR L35 [ 2450 BB AT 104 0 2 Bl 3 2 F) A 4% A
A= B B 1R AE T

Ml —#E RN AT EMEK 5=5 CHM
TR S 0 2 R M A G . AR A AR B e Tl 3K
AL E TE MR T B0 BB RIS BT 3 I
A6 N TFAE B 25 S 1) T T BR 433 K (5. 68 0. 61)
(13.9541.78), (17. 37 2. 99) F1(21. 8340. 95)
Co ABIRWEAN  RAERM T 2~3 FAE R
i IR T BRI IE IR R 5~11 C . 2
IS TR N 11~15 C, 5ARE I EIS A
—5,

2004 AEIN A BKIR ME S 46 B A8 X B T 4 #EL AT 3
HAEFFALIINED 55 4 HEAE 5 BOR WX E] . A 4EX]
=5 CHEAMMIE N 4570.91 (d» C), [a] bgE I 8]
236.57 do B 1 HEEAE IR TF BN T =5 CHYy
AR B 1036, 21 (d « C), [H] B B[R] 2y
75.57 ;55 2 HEETEF =5 CHAEMBIR T K
1163.80 (d+ C),[EFFEEIN 50 d; 55 3 7 & & %
=5 CHABBUREH# 1 515,50 (d « C), [H] f it
]k 61 d; 5% 4 FEH A T =5 C 0A BUR-35h
855.40 (d« C), [ BgAT M2 50 d. 468 7 WE
W BE R R R (17, 37 42.99) 'C, >4 H F- 4R BF
=R B B AE A L. 10 A BRI H
R EAE 10~15 C, I 2B W N RS 8 4
HWEMAEHERANFNEHE, F2EH THHERZE
MEARIREA G, S 5 KB BEWA X R, &4
PR AN AR 224 b AR T LR N TR B
RFENREL A =0 CRUE L 4 000 (d« CYLL R HE
DX 8 M8 B AE AT A E 4 ) =0 C R 3 500

(ds ORI, B4 AT LIXH 3 ;=0 C|
A 2 500 (d« C)ZEAT i X ARFAE AT LAXIH] 2 1K 5
FURTEMC. B4 HAEXNIE 1 . K X 2004 4E =0
CHURL 5150 (d - C), =5 CHIFURIS 4 961
(d = C), NI 158 20T UIAE TR AR X 4 2,
R 4 2 25 7 UK A T AR IS S 52 78 2 0 P sk o
B CRAFEHITE 5 d Z D) L [ BT =5 C A R/
T 100 (d« C) LUESS 4 #5165 A R 9% 0R B 51
SERHA R EF ISR, ABFS 2004 4 FFK E B4
ATET~9 A4y, BVEE 3 7 H 8 A= K WAk 3 8], i i
Mk Z S E R, RBOZE B E TR &k
U ST T A I 0 A ) i R AE T AR
Z )R B ) A DA S 05 4 A AN e 5 U

[ 5% k]

(1] xIEfE RAEHHEEREE K= BIER S IR &M RN
[D]. BEVHA% ¥ « VAR AR K2, 2006.
Liu Y H. Study on the relations between growth and yield of
alfalfa and climate conditions [ D]. Yangling, Shaanxi: North-
west A&.F University,2006. (in Chinese)

(2] ®ERME.RE R o AR KR A = A LT,
AR [ A oK 5 2004.(4) ; 47-48.
Xue D W,Fang M T, Qian Q. Application effective accumulated
temperature to rice production [ J]. China Rice, 2004 (4);47-
48. (in Chinese)

(3] wEMy fEef— FEEHEAFTFESIREMNE [J]. A5l
K4,1996(2) . 24-26.
Peng Y M,Cui X Y. Study on between growing and yielding of
alfalfa and meteorology elements [ J]. Meteorology Journal of
Inner Mongolia,1996(2) :24-26. (in Chinese)

(4] #3C S R R ROR 3 I SR AT OESE [T ROk A2,
1995,12(6) :47-49.
Yang W Y. The meteorological conditions for herbage turning
green on the typical steppe [J]. Pratacultural Science,1995,12
(6):47-49. (in Chinese)

(5] BlsaZR. F5ig8 M X R AR B IR T 5 AR R B i
B (1], P EAR R4, 1998,19(2) 1 42-45.
Yan L D. The forecast and relation between the turning green
of natural pasture in the district around Qinghai Lake and me-
teorological condition [J]. Chinese Journal of Agrometeorolo-
gy.1998,19(2) :42-45. (in Chinese)

L6 v [ IX 7 =0 X R R F B 2. ol o X A< fe (ML
deat: G AL, 1988,
A team approach of scientific research to animal husbandry cli-
matic divisions in pasture region of China. Animal husbandry
climatic divisions in pasture region of China [ M]. Beijing: Me-
teorology Press,1988. (in Chinese)

[7] BRI BHREARKEE R EERSRERKSHXER [T



46

P Al e MR K AR

537 &

(8]

[10]

[11]

[12]

[13]

P95 Ik, 1990(2) : 76-80.
Lang B Y. Relationship between growing and yielding of alfalfa
and temperature and water [ J]. Pratacultural Inner Mongolia,
1990(2) :76-80. (in Chinese)
W, LA ISR IR VR A K TR RN 1 Al 4R AR A e L
PEBAT ST [T, A=W 822241, 2004, 19(4) :481-486.
Huang C P,Wang A H,Hu B M. Study on temperature driven
nonlinear models of crop growth and their application []].
Journal of Biomathematics,2004,19(4):481-486. (in Chinese)
van Delden A,Kropff M J, Haverkort A J. Modeling tempera-
ture-and radiation-driven leal area expansion in the contrasting
crops potato and wheat [ J]. Field Crops Research, 2001, 72
(2):119-142.
RS2 e R B ORI OKR R E AT
PUE AL [T Al <% 1989, 10(3) : 3-10.
Gao L. Z,Jin Z Q, Huang Y. Rice clock model-A computer
simulation model of rice development [ J]. Chinese Journal of
Agrometeorology,1989,10(3):3-10. (in Chinese)
FISCHT 35 A, 5 22 A R X5 A B A6 A KR B R O
[J7. BEFZE 2524, 2002, 13(12) : 1605-1609.
Bai W M, Bao X M. Simulation alfalfa growth in Wulanbuhe
sandy region [ J]. Chinese Journal of Applied Ecology, 2002,
13(12):1605-1609.
WHEAL ZmEYEEREMELERERLS [J]. R4,
1980,6(6) :9-11.

(in Chinese)

Shen G Q. Non-line temperature models influencing develop-
ment rate of crop [J]. Meteorology,1980,6(6):9-11. (in Chi-
nese)

B U R F T . FEY R & I JE L P2V Beta #RY
W RFIE A3 AT [T, A= 3524, 2008, 28(8) : 3737-3742.

Lu Z L,Xu S J,Zhuang H Y. Characteristics of the Beta func-

[14]

[15]

[16]

[17]

(18]

[19]

tion for nonlinear effects of temperature on crop phenological
development [J]. Acta Ecologica Sinica, 2008, 28 (8);3737-
3742. (in Chinese).
EJRAEMEAFTHRESREXCRMBFREX ] masg
2F e 2F R, 1988,11(1) 1 15-23.

Yan X W. Mathematic models between temperature and crop
growth rate [J]. Journal of Nanjing Institute of Meteorology,
1988,11(1):15-23. (in Chinese)

BN B S AR LML Jest: b E Aol R
2001.

Yang Q C. Guide of production and management of alfalfa
[M]. Beijing: Forestry Press in China,2001. (in Chinese)
Zaleski A. Identification and classification of Lucerne varieties
and strains [ J]. Agric Sci,1954,44:199-220.

XN Wk, g H, S AR R IR 5 A KR
R terena sy [C1/ /% ZJmdh B B 15 kKRRt SCE.
JE5C b AR AL 5 2003 : 66-68.

Liu J N,Hu Y G,Wang Y Q,et al. Growth characteristics and
productivity of different alfalfa dormancy types [ C]//The
secondary convention of alfalfa development in China. Bei-
jing : Chinese Agriculture Press,2003:66-68. (in Chinese)
XA, T 5 X A Ko [M] db gt R Mk,
1999.214-215.

Deng Z Y. Agrometeorology in arid and semi-arid area [ M].
Beijing : Meteorology Press.1999:214-215. (in Chinese)
WARE. B AR LA RIERS AR AMHNER [T X
%:.1993(4) :8-11.

Xu D Y. Relationship between growing and yielding of herb-
age and meteorology elements [ J]. Meteorology.1993(4) ; 8-
11. (in Chinese)



