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TR X A B

B2

MERB, B R SEDEERERER
BFEENIAMEBEFERDMFIAERE,
MR- SEEEAURH SRR ENEEN
BN EBERENEIELRESE, A TFEYNRE
FERZREMECRAENERH KABLZEFREH
HERBREEYELTRAOREAEREGT LK
FHRNEERR I EREENREMEREGTE
KHEEMaE, HEVELFRBERGTEEK 14
E54BREEREEHTER 1dMHFAIELNER
A% #4340 W (Relative thermal effectiveness, RTE); {E

VELHRERESHTEK 1d5EREERREY
TAK 1 d HEBEIESCHE B HXE R (Rel-
ative photoperiod effectiveness, RPE) ; fE¥1#E 3L FRiB %
FUETERIAEIMEHETHHNLAZ XN E
H #8%% 4 3 R B 35 (Relative physiological develop-
ment effectiveness, RPDE), {EYIERE—BFEHN R
ENBRIENEBRRENENZN RS EH AR
RERNMRREM, §HHEXEHEREHRTE
BREEYEAERBN=Z2ABES BRI AP ME
BEEAPRITE,

£1 RAERBZETEHHBHESRERYEN (1998 ~2007)
Table I The morphologic standard and phenophase of apple at different development stages in Tianshui(1998 ~ 2007)

YBH (M -d)
E-¢ ] b %373 3 Phenophase stage
Developmen The standard of shay
© ' slese tometo eepe %% Qin’an XM Maiji #¥7K Qingshui
Lig:d PN BAET.BF LR RRARSS
Leaf bud expanding The lamella staggers, on the lamella the new color of tint shallow part 03-23 03-19 03-26
B2 R FH—BEX A EF TORGHBHTSEHHR
Leaf bud . The bud further expands, the lamella splits, the peak young leaf has revealed 04 ~03 03-28 04 - 06
epening the green apex
L2 ] HERBK LM TELERIF
Leaf unfolding peak Small leaves on half of branches unfold completely 04-15 04-10 0-19
FrIE M HEB LHIEWBRITIER
Flowering peak More than half flower buds expand the petal 04-26  04-16  05-06
R xR RELUAESHOBHAFCTOK
Fruit mature period The fruit has its variety’ s unique color and taste 08-30 08-26 09-08
w28 € 4 4 KEB - FREMB I HE R
Leaf starting to change color The first batch of green leaves starts to turn yellow in autumn 10-19 10-22 10-15
B BHERSEIR15].
Note: The standards of tomato shape based on references [ 15].

FEBRA=BEEREGTRES AAM AR (DL) HXRRTHAR(Q) HH,
RTE,FPERETHIEE S55E TRIBEZME,#3M 0 (DL < DLc)
NMEERENARBELENMM, ERETRIEES  RPE = {(DL - DL)/(DLo - DLc) (DLe < DL < DLo)(2)
B ERBEZE, ARMAERAE 1, ERE L 1 (DL > Do)

RAESAT LREEZE, BN EERENF
BEKHTHE EXFTREFEUTRAT LRE
BECLE, #5300 0 0, B 43 H ABXY #4308 RTE BIETE
0~1 2% (E 1), 8 BHEXNEKAL RTE 5@
B(NMXFETHAR(DER,
0 (T< )
(T-Tb)/(Tob - Tb) (Tb < T < Tob)
RTE = {1 (Tob < T < Tou)
(Tm - T)/(Tm - Tou) (Tou < T < Tm)
0 (T> Tm)
AP, Tob HRERBETREE; Tou AIRFHEELE
RBE:; TP HARETREBE; T WX T LWEE;
THBVHRE . BEEM RPN RPES5A K

(1)

P, DLe HERFHERBK; Dlo N RBWREH
K. H& DLTTHAR3) ~ (6) HEHHIE,

—_

LiBoREY - 34
Relative thermal
effectiveness

<

b Tob Tou Im
i /¥ Temperature('C)

BH1 HANRRESERNXR
Fig.1 Relationship between temperature and

relative thermal effectiveness

oL = 12[1 + (£)asin( £)] 3
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sy
HAr:q = sind x sind -
b = cosA x cosd (4)
. . (B4 xx 27 ( DAY + 10)
sind = — sin| BT ) X cos[ ( A ) ] )
cosd = v/ 1 - sind x sind (6)

K, DAY R—FHPHBEROQAL1BRN1,12A318
H365);1 HMBGEE;8 A AHAS . ERMME
B 34.34°N, B R MM S E H 34.52°N, K B
N 34 45N AHBE R RN SEFHU R0t
R R ZEFBOE R B TR R
BEAMECH e MEFHER, ARKXTHBRIH®
BOERBR, EEAX RS- FEERARMHE
RHERBRERFE(RE2)HP, RLRENZN
BEFEwE, REER LGS 0 A RBB(RTE) F

5 B AR RMBM (RPE) SEFRIRE, HEH B
BEOEAMGER, X FHE R b8 @ X R
(RTE) ¥5E Bt , 48 H M X 4 3 R & B BL (RPDE)

HBARGT) HHE,
RTE (PDT < A)

RPDE = [RTEx RPE (A< PDT < B) (1)
RTE (PDT = B)

AP, ANTRFEBMFBRNERLFTHE; B A
AP ZE K3 B SR S BRS04 R R U]
A H R FETE PDT i A X EB R HF A RPDE
HRBLATUAAKE) HE AR F AMBR
FEREXEFFEAEERARN 2 MRS,
BAhHE H BT 3.1 PHiRk,

PDT = SUM(RPDE) (8)

®2 FRBLAHPIN-ESEENXBRETR
Table 2 Limit values of minimum, optimum and maximum temperature and light at different development stages

4 H W Development stage T () Tob ~ Tou (C) Tm (<) DLe DLo
W 2ER KB Leaf bud expanding 4 5~7 12 - —
W 3EFF BB Leaf bud opening 5 7~10 15 - —_
JRH W Leaf unfolding peak 8 12~20 20 - -
FFIEEH Flowering peak 15 17~25 26 - -
RELBMRY Fruit mature period 14 20~22 2 8 10
255 F4 B Leaf color starting to change 13 15~18 20 - -
T, FRIEE; Tob, METREE: Tou, MELREE; Tm, EREBE; D, HR; Dlo,RiEH K.
Note: Tb, Tob, Tou and Tm are the mini the lower opti the upper opti and the maxi p » respectively. DLc and Dlo are the
critical sunshine and opiimum sunshine
2.2 BARRHE K, X, HEFERNE, BREXBESEFHH

RAKRERNH AOEH b BBMETHRE
#2 (Root mean squared error, RMSE) X L 40 {8 #1 ¥
Wi 2 (6] 69 7F & B #E4T 4 3T 4F H7. RMSE HR& /D,
B SMBEN —REST B EM R ES
M=, BB AR R AR . TR, B
I, RMSE SR RITH RO R BEM TR, ]
HEAKXNR:

Z")(x‘ - Y)?
RMSE = —"——n—-—- 9)

BIREGY, WERBHE; n WEEEER,
3 R4

¥REBRETETHUABHEREZ EHE
F R 4 X 2 BUS AT 80, SRAAR () ~
O EHERIZENEFTNBRTBEENEER
BHEHE (% 3), A\ ERABIHEF R BT R
B IFHEN RERBY HECKRPSEETH
B, 5 HEE 14.23.37.163 M 197 MEBREH , A
K (78 AR 374d,B K163 do

3.1

23 ERZHUEIEWHHFTBHERLWME
Table 3 Physiological development time of apple at different development stages

g SR ] MEFEH
Leaf bud Leaf bud

© P 5

= fup ]
Development stage

13 ]
Leaf unfolding
peak peak

FEEH
Flowering

RLRAM
Fruit mature
period

HEGEN
Leaf color starting

to stage change

AR FHME(d)

POT (d) ° B

23 37 163 211




240

FRMRRIBFR

2%

3.2 HIRKY

FARE BARHREEREHERER . BRL.H
KB (K )#lk B R 46/ (2005 ~ 2007 4E) X iR 4
FHRRMERNATRR, BEZIPIBELET
HEAENEREZTRE, RESHEILRELRM
R FAK AR SERBAEL 4T 3LER B 3
(AMERKBEEREER), AR (9) P HE
B, FRBIASAEF B AR BTN (H -5 35 by U 3
BRHLBRERILE 2,

HE2AUEN RBMNERENMETN Y
# 3t AR — /T 7 4, BHUE S WM RIE & 313
it iR IR 2 RMSE ZE B3 M 3 T O R v R 58
FEB R RR GRS T 4
#%42.4.0.9.2.7.4.0.4.0 d. ¥R BAEFTHHERF
SRBHBEUESTHRAMER LR REME 4
Fim. MR ATLLE S, M FFFHOH B B FF

RN R RS AR E XTI
BESPH 2.4.2.0.2.3.4.0.3.4 d,

@ o 2 FF U Leaf bud open

B 2 uf 5% #1 Unfolds leaf peak

A 3515 8% ) Flowering peak
o b 2 32 6% 8 1) Fruit mature period
181 | X ™3 B B Leaf starts to change color,
161 f — 1:1line
141 1
12t F
101

#3148 Simulated value(d)

N Ao
—_———

1 21 41 61 81 101 121 141 161 181 201
¥4 4 Measured value(d)

2 FRETEEWHPRMAESHREMILE
Fig.2 Comparison between simulated and measured values of
apple at different development stages

24 EZRNBRBMAERSLETEREXYOBUESANER PN IRL (LWE - SAE)
Table 4 Simulated and measured duration at different development stages of apple and

their prediction errors in Maiji, Qin’an and Qingshui (measured - simulated)

AR WmH F B Maiji F% Qin’an WK Qingshui RMSE
Development stage Trems 2005 2006 2007 2005 2006 2007 2005 2006 2007
o2 T IO YR/ Measured value(d) 14 14 10 15 16 11 16 16 11
Leaf bud A Simulated value(d) 13 13 13 13 13 13 13 13 13
opening 2 Error (d) 1 1 -3 2 3 -2 3 3 -2 24
B YL {H Measured value(d) 9 8 12 9 8 12 8 8 13
Leaf unfolding BLitI{A Simulated value(d) 10 10 10 10 10 10 10 10 10
peak B2 Ermor (d) -1 -2 2 -1 -2 2 -2 -2 3 2.0
YL Measured value(d) 11 13 12 11 14 11 16 17 15
FIE & .
Flowering peak B Simulated value(d) 14 14 14 14 14 14 14 14 14
R Enor (d) -3 -1 -2 -3 0 -3 2 3 1 2.3
BT RE AW {H Measured value(d) 131 129 130 130 128 131 130 128 129
Fruit mature B Simulated value(d) 126 126 126 126 126 126 126 126 126
period 22 Eror (d) 5 3 6 4 2 s 4 2 3 4.0
R ) WM Measured value(d) 52 52 50 49 50 41 45 44 42
Leal color B Simulated value(d) 48 48 48 48 8 48 48 48 48
starting to
change ®# Emor (d) 4 4 2 1 2 -1 -3 -4 -6 3.4
\ \ BREH, FHIRYSHEREERTHRETRE
4 3 #

HTFERRFOMREZ, SBOHBERE
REMZRRK. BARPRELTNEDLEFTRH
B, T EEAEBARMNEERROEM;H—F
HREXFERSSRBERTFN L. TREZEZ[E
HER KRR, T RA BB R T KR
R, Mo EEY R E M BOE T RARE ERE
BZE, REERRALH, WAL KA KPRDE

EERELRBEZEMN XAFERELRBESR
REARE MYUARBEEZE LRBESREF L
MBEZ R, REEEEBREA BT TR B,
RARREBERNEDRE, ERFHBETRE
ESREFIREEEBASAHARNETER,
MERELRBESEF ERBEHEEANAEE
BT RBXAXRET HRBER, ATTFBEK
WBRMRE, SHREREN, FAEBRTHE
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ERERMEBRERE, RRT ARBBRENR
B, ZEXBTHARARRABENZFHEW,
PREERFELEMAEE, B, SR EESE
NEREZARMARRBTERRE—FIER. A
ARBREEA—-EMNRRE, ERARBRBER
MENEFERRARRGRENTR. BXRE
P RHNRKEEYETPREREL TR
BEHREEUTH(UREDRESBESLKHEX

R), ARBRBENARITZARNOBARENET

Wk, AXEVTES B AN, BEERY
RERRERFTREEMEERETRZESHE
EEELERX, ERERBEERARE LREHE
ZE5RERRAHMEX. REFSXMLHAERX
RAETEH - S RLEFIFET A REEXER
REEBRNYMA NG, R, EHAESHNEA
Pign  AEABEAREKRABRKAREHK
ZEN , ZRRERSAKREHEX, REEELRE
AR WREA— P EEWHARET KB R RIE
LHEIT. W ERMERET, FNEE BN
W, RANERISHRERENEH. BREK
WHFAAERNERBMREOPNEE, EFE
H— IR E IR T #TAF FE R R AR
kBRI AR EE NG EEE.
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Simulation of the development of apple in Tianshui

HU Li-ping'?, PEI Gu-¢*, YAO Yan-feng', AN Jing', LIU Xiao-qgiang'
(1. Tianshui Meteorological Bureaw, Tianshui, Gansu 741018, China; 2. Agrometeorological Experiment Station of
Tianshui, Tianshui, Gaensu 741020, China; 3. Meteorological Bureau of Wushan, Wushan, Gansu 741300, Ching)

Abstract: Using experimental data in Maiji area of Tianshui in the valley of Weihe River, a simulation model for ap-
ple development was developed based on the concept of physiological development time (PDT) and the photo-thermal re-
actions of apple in Tianshui. The model was validated by independent experimental data from Qin’ an of the north of Wei
River and Qingshui of the area of Guanshan Mountains. The results showed that the model could predict better the time of
emergence and the sustained number of days of various developmental stages simulated results agreed well with the mea-
sured ones. The absolute forecast error of the model is typically less than 7 days in the various development stages of ap-
ple, the root mean squared error(RMSE) of simulated and ohserved values is respectively 2.4, 0.9, 2.7, 4.0, 4.0
days when apple reaches leaf bud open, unfolds leaf peak, flowering peak, fruit mature period and leaf starts to change
color development period, the forecast error of sustained the number of days in various development stages is respectively
2.4,2.0,2.3, 4.0, 3.4 days. .

Keywords: Tianshui; apple; physiological development time; simulation model
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Climatic characteristics of drought and it’s influence on agriculture
in Gansu Province in the past 58 years

LIN Jing-jing, SHEN En-qing, LIU De-xiang
(1. Institute of Arid Meteorology of China Meteorological Administration, Key Laboratory of Arid Climatic
Change and Reducing Disaster of Gansu Province , Key Open Laboratory of Arid Climate Change and Disaster
Reduction of CMA, Lanzhou, Gansu 730020; 2. Lanchou Regional Climate Center, Lanzhou, Gansu 730020, China)

Abstract: The frequency and range of yearly spring drought were calculated based on the data of precipitation in
spring season (March to April) of 1951 ~ 2008 from 80 meteorological observations in Gansu Province. The precipitation
anomaly percentage was the measure of spring drought. The following results were obtained: Gansu had a high frequency
of spring drought that ranged from 30 to 50 percent. The frequency of spring drought in Hexi Corridor was from 40 to 50
percent. In the north of Longzhong and Longdong regions, the frequency was nearly 40 percent. In the south of
Longzhong, Longnan and Gan’ nan plateau, the frequency was nearly 30 percent. The frequency of spring drought in
Gansu Province and in Hexi Corridor, Longdong, Longnan regions showed increasing trend, but it showed smooth trend
in Longzhong. The number of spring drought was on rapid increase over the province and in different regions from 2000 to
2008. In the past 58 years, the yearly variations of spring drought range showed gradually expanding trend in Longdong
and Longnan regains and the whole province, but showed gradually narrowing trend in Hexi Corridor and Longzhong re-
gions.

Keywords: Gansu Province; frequency of spring drought; change of spring drought; agriculture



