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AT E B SN BL 2 R 38 36 (41°06'N, 111°
28'E, 1756 m) #47, KB swat EH R E &
FTRETERMEESHE, ELHSE2.7C,0CH
FEBRFIR 2 578.5C, FEFBEME N 350
mm,EKEBEEPE TS AN, SBMEKEN
NEhA . FREBANEKENSHEE, XEW
105d £/, H B % 2 955 h, KFHE5 6 100
Ml/m? , R 3 m/s, LIBUES LR E,
1.2 RE#BSA®
BRERATHES T LR EEREG A 28
BH).B#EGASH). %G A 18H) B#&EGA
28 H)fi#mi%(6 A 8 H)A %M, A SE.E,
M.LAISLER,BIRARIT,ZAEHE. MEKEA
24 m®(4 mx6m),BiLsrm, 3t 15 MK, B
Bl360 m’, HiAMmM A LBIHRFEERFH RS
E.EME N 60 000 X/hn?, fTHE 50 cm, K EE 40
em, RAAE R, EIT—KHEA K 35 kg/hm®, BE
6 kg/hm?®, §§ 23 kg/hm’, A% B [6] A 408 JE 4L 2
BREHE, AREXBRXADHREREFHHRE
LEBEBNEEHHAR, P T6HA1H6H8H
17 H 26 BT ALK,
FRAFTRMG T SRESXBEFHA(L

HUE FERR).BRI15dB—KE, 8K
BEE 2Bk HEKS HE, rEAHAEEHER
{X (LI -3000C) W2 BB A EHIE K, 25D
BEREE HEERIER, TTHES 15CRATF
30 min 5 ,80CH T ZHEE . K TYWE., BAHMK3
AEE,BIMEERK6 o, MEREN K. KE™
B AN PNETR BN EMETR TR
BAWER,

S&HBEERTRINKSZRE. FERMNHAL
FEREK (nm) R ABRESR(C)FE,

R H4E A EXCEL2003 #1 DPS3.0 #h174b # #4
it

2 HRE4

2.1 BUENDHEXETHEAER
REXEH LR EERP R 100~120d 554,
B TR S 2 000 ~ 2 200°C , #% 118 % 5| & A [F) 8 18]
BROSREEKRPNSEERBRIILHIREN
EET NTEMEKEEHE, R1FHT
2010 ERMARFEHASRELETFHABEKER
(b6 HA1H.6H8HMTA 2 HRATH#HK),

21 2010 FSHNETEARE(SHK)NR
Table 1  Precipitation (and watering) in growing period of potato in 2010

H#(A - 8) [ 7E # (mm) H#(A - B/) R 7 B (mm) H¥W(A-H) % 1 It (mm)
Date(M - d) Precipitation Date(M - d) Precipitation Date(M - d) Precipitation
04-25 6.0 07-10 2.5 08-18 4.6
05-04 3.0 07-15 1.8 09-07 11.8
05-14 1.0 07-21 5.4 09-16 12.4
05-17 4.5 07 - 26(# K Watering) 2.4 09-18 9.7
05-18 2.2 07-30 9.9 09 -20 16.1
05-26 5.3 08 - 02 25.0 10-01 22.0
06 - 01(#h7K Watering) 13.1 08 - 07 47.8 10-10 27.8
0617 7.6 08 - 08 3.8 10-2 10.2
06 - 28(#b K Watering) 38.2 08-11 5.7
07-09 . 6.4 08 - 12 6.1

AL EHZEHGEHHFEHRERE,
HHBR, 00 FEMBPSREHERERRSE
FEHEHIE HHBRMAEER 0.96, BH B EK
Y. 5&MEHEMAIEKB(FATHKE)HEX
BREE,

HR2UR, EEBRER SR ERHET NN
MEEEREBERRAOKE L EEB(SE)MEE
E)EEHEXEHEARAK, K 1224, %8

M) BB (LMBRESLAETRXBZH %A,
B (SLYREM 104 d, EBHBHEB 104, :FH
TR 6do BEBIMER, DREFEFERKKHEHE
S ERFAEKE RN EF WG LG, 8 R E
(SE)EBAR R 45% , W 3% (SL) B A 59% o
ARBPERELENEREF ERME
B.ODHREHEEERMR, BN FHHEE, BERE
K#ERMR, ERERP S BN EF RO LM,
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Table 2 The intervals between growth stages of potato under different sowing dates
%5 #E B Sowing date(M - d)
Item SE(04 - 28) E(05 - 08) M(05-18) L(05 - 28) SL(06 - 08)
& ~ 1187 Sowing ~ emergence 42 34 29 29 25
& ~ BLH Emergence ~ squaring 24 23 19 19 18
W% ~ FE Squaring ~ flowering 7 8 10 9 8
FF4E ~ BB Flowering ~ maturation 48 58 57 54 53
4 H WK Days of growth period 121 123 115 11 104
BRERKXE(ER - AE)
Days of vegetative growth(sowing ~ squaring) 6 57 48 8. 4
EHERKE(HE ~ BA)
Days of reproductive growth(squaring ~ maturation) 3 66 67 63 61
R A & B A . “ 58 - o

Ratio of reproductive stage in whole period ( % )
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Bl BRESBHEZHHBAMNSGEENXER
Fig.1 Correlation between days from sowing to emergence

and daily average temperature
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22,1 #HHAELHERBOEH SHAREZH
DHEEREEAHEZ(H2) 2, DR EKSEH
“REMEM—ZBHM—RE" WELBEE, b

~8- SE (April 28th)

—— L (May 28th)

#: ¢ Height(cm)
w
<

| I

—o— E (May 8th)

(M) B 4% (L) F B s 38 (SL) UG5 15 d Bk & 2 5115 B
16,15 cm #1 18 cm, # B4 (SE) M B (E){{ R 7 cm
fM6cm, FHAETHERESE)MEF(E)EHAKS
AR ABREK . YHKEE, TATARKLEER
2 76 mm, AT NB WY E2HAREZR KW, HKg&
(SLY& THREE MM, dt TR KIS, Bk &% el
B, REEBPEHREFRERKRSEHEEKIFHY
B A MBEE RS, FHMKEERNX0.19
em/do RERKEH,EAEATYR MM BT
BRE EAHEM, L FHLEERN, BRHE
(SE) BB(E)AME(L BRERSERAKR, 2
352 39.37 em 1 39 cm, §1 3% (M) F1 48 #E. #% (SL) #k
& AiA % 46 cm 155 cm.
ARABHLRERREREERA . RBMRM
THASARREWS ASBZAEHNIREY
BREEMNFIEFEN, REKSZAHHE, SREK
Bl NMEEHEASFAREZE RS EYR, B8
BHHNORELFHSREKE RS,

—A— M (May 18th)

—©— SL (June 8th)

A l 1 i I ]

0 L 1

06-16 06-26 07-06 07-16 07-26 08-05 08-15 08-25 09-04 09-14 09-24 10-04
H ] Date (M-d)

2 FEBBSHRRENTEL
Fig.2 The comparison of plant height of potato under different sowing dates



140

FRMXELHFRE

®30%

222 #ERLHETERBEAYH SE

3R, ARBHOINELERHAMERERZN

‘EA—Be—RE WIE, BRE(SE)MEEE
(E)EEHMAHEHREREERTHEEN . BX
MRS R R 1.62 #11.83, HA G, 418
(LM E RIS EEF 2.55, P B (M) BB K (SL) 2
% 2.35 #12.25,

s, BB SE) MR (E) i B K&
REHH 40.5 cm?/(#k-d) KT HIB(M) BB (L)
FABK 3G (SL), KK K 51.3,50.4 cm®/ (B - d) F
68.9 cm?/(#k-d), X BREETEF & (SE) M &
(E)EMSBEMK,BEKAL(8.3 mm A 8.9 mm).

-8-SE (April 28th) —— E (May 8th)

30r
—%—L (May 28th)
251
20

157

o i BUR B LA

1.0

05

g SLERZERMMBEKRES, HHHEK
25.3C,HEBIMKFERER, X 105.9 cm’/(#-
d),BE(LEREERPEHEKIR(123.5
mm) ERTHP TR, HEFIERK(177.4 cm®/
(B-d)). RERAH SREUBTREKRSE,
HERMKERTREHFHRAE.

AREPIHEHBABEAEREEXR. B
WEss DA EY HEEAER T ET LS
PEMABE NABKEGHRAREEZHEBRL
BT TR, REH G PKS R T A
B E B EGE— .

-4~ M (May 18th)

—— SL (June 8th)

—_—

0.0

06-16 06-26 07-06 07-16 07-26 08-05 08-15 08-25 09-04 09-14 09-24 10-04
H #¥ Date (M-d)

3 FAEAMBESHAHERENEL
Fig.3 The comparison of LAl of potato under different sowing dates

2.2.3 HHEALHERLEETHRARRGEY S
BA4ABTAFRBHEAKRIREL B TYERR
R, REERM. BKIAEFHBGH(L B E
BTFYER R (12.83 g#k) s, HABHL A
[ Precipitation(including wate;’ing)

—&— E (May 8th)
—¥— L (May 28th)

WEBTYELRAEE(FEN 19.19 g/). B
RGN, B R %(SE) BB (E) & T TR
F.EMAEKES HERDN, TORBRRES,HE
AERB B TYRHR-—ESERTHREN.

—£3— SE(April 28th)
—A— M (May 18th)
—©— SL (June 8th)

45 60
:_; 40 1 s0 /\?
20 £2
= L 1 =3
T 30 " 490 gw
E 2 | | /‘/ i ig
2 20 %) —& £
5 % ’ AF
© | 1 - O
g " 20 52
= 10 [ | 2=
Y E/' 110 5_&:?
Ol I B N Y I, ¢
2 . || 1 . .

06-17  06-27 07-07 07-17  07-27  08-06 08-16 08-26  09-05  09-15  09-25

1 Wl Date (M-d)

B4 ARAREDILFBEBTORARSMAR(6 A28 RA7 A 26 A {T ATHK)
Fig.4 Accumulated aboveground dry matter of potato under different sowing dates and precipitation { watering at 28th June and 26th July)
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BEEBGSE)MEKEESLIEHE 60~65d 4
LFARLERKEH  KERBSYETERTHT
BEAK M EBERGHR, BET A ARAE H
Bty ESHNES A LaM8 A THIFE TR, I
At 53% (E) 48 (M) FIBg 48 (L) 54 TRER KM,
HES FRTYEEAEN, BYNEEAHE,
¥R 0.23 g/ (Fk-d)s

ARFEHDHAEB LB I TORRRAEREE
R RULEFHX KSR REW LR ES E
BTryRRENETERIAF FHEAKKESRE
BEWEHERERET. $R 4 ABZE) MK (6
RBzZE) B DR ERATHARER KGN,
L E ARG H, T H R R AT A A B
HAKGEHE S LTy EEA M,

2.3 BPXNOREREEEAER

mE s iR, AFEH SR EERETERAL

“B——EHERKER, A RKMKR T Logistic 77

700 —B— SE (April 28th) —e—E (May 8th)

600 | ~—%— | (May 28th)

500
400 +
300

200

¥ e & Fuber weight(g/plant)

100

BRA HMATBREHEXRBNE 3,

BRERBH, PEMAGRE(LSRELT
FRAES, E 4 KEE, R HRZHE, BT
BREAKE REERPEY, S5 (SE) RS
(DHMEBKFHERERUNAR, B KEFH
Z. HTRA, GREERBE SR LR KGR
KB B RE K B A0R B B M e BA §l0.78
M0.80, ik BEKF, MERERER KV
FESEZHKS, BEMNGERER , EBERNFELS T
(-3 Y NEE -y §- Pt s: b

AHEPESREREER LR EEERT BN
AR TSR ERAREFTRENERKFZAEE W
# EEELAR R AT EEE R T REERK, Y
GHERERRKETBHAKE=12C, HYRE 17C
~18°C, B K5 HARE /K B 50~ 70 mm B, B B8 < o
RER,

—— M (May 18th)

=©—SL (June 8th)

0 e

06-16 06-26 07-06 07-16 07-26 08-05 08-15 08-25 09-04 09-14 09-24 10-04
11 )] Date (M-d)

5 TRENSHREREINETY
Fig.5 The comparison of potato tuber weight under different sowing dates

£3 AERMLESLERREBTUMEEALTE |
Table 3 Regression equation of potato tuber weight

under different sowing dates

2
wfm Logistic {15 5 B ﬁi&%&{t R
Sowing Regression equation Correlation
date il . coefficient

SE Y = 397.4150/(1 + EXP(3.4699 — 0.072890X))  0.95
E Y = 1044.2947/(1 + EXP(3.8715 - 0.047002X)]) 0.97
M Y = 659.4940/(1 + EXP(4.9755 - 0.084893X)] 0.9
L Y = 616.1441/(1 + EXP(6.9596 - 0.099471X)])  0.99
SL Y = 556.9274/(1 + EXP(4.3867 - 0.096591X))  0.98

2.4 BUAXDHE-RERAEHOE W
B 400, BEEBHER , AR D%
Brrg KEFE . P/NETR BARRNENE,

RETH FNENBORERZLABEESR,

D SR A& EREm, 5%
(E) B B 4& (SE) ™ 22% , 4% (M) 2 J5 kb ¥ (4
FEREMARE EBRESLEES,. N 22 833
kg/hm’, 55 48 2. 4% (SE) 4L 28 1] 2 R 5 B4k B & K F,
KE=RBAuF/NE & RS HE, o 54
SASH(EYfS A 18 H(M)Z/5 M #EF 4k f i K
HHEEXR,

)R AN R BB R,
NABF % (SE) F i e #& (SL) ] % B ik 8 & K F,
EMEMAKEN R EREER, POEN B
BRI, Mg (SLYS BB mBRAP/NE
¥k F) 88 333 N/hm?, 5 3% (SE) MR 3% (E)
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AR ERKEEKE,

NKRER - BFBMER DR EFAELTH. B
BEE)KRERRHE, 55 61%, B8 (SL)KE
EBAR ALK 9%,

BEMN AR EREASEEFEESM~&%
R EARBEMNERASKRE-BSETHHNE KKk
T B K T B O S 9k 0.71 #10.90, 3K

B B & AR B FE K,

MRGREZH SHBMH SEBE, KRR,
DHE EAERKZME, 8T f 8 2 TUR K R
MERAE B AR EEEMN, DR BN EHR
ROKERKTYTURERTREERT R, ¥
Bom, BRARKERT THES B/ E>REN
HE,B-BER.

B4 FANNDRN~RESRGR

Table 4  Yield and the formation of potato under different sowing dates

INEE s
wn x| KRR TARCR L kmtE  wimin
. i Yield of Yield of mid- Number of Number of mid- Ratio of bigger
Sowing Yield . . Total number . . R
date (kg/hurd) bigger potatoes little potatoes A/ han) bigger potatoes little potatoes in all
(kg/hm?) (kg/hm?) (4~/hm?) (4~/hm?) (%)
SE 13694cB 11083bB 2611cB 118333b 71667a 46667b 6la
E 16667bcAB 13444abAB 3222bcAB 136111ab 82778a 53333b 6la
M 20889abA 15778aAB 5111aA 173889ab 96667a 77222ab . 56ab
L 21056abA 16556aAB 4500abAB 173889ab 93889a 80000ab 54ab
SL 22833aA 17167aA 5667aA 175000a 86667a 88333a 49b

HE:KTHEF200g AW RZHPDFRKEE = KEM/(KETE+ PR x 100%; AFARRAXAEFRRAERIARE

E(P<0.01)MBE(P<0.05)K¥,

Notes: More than or equal to 200 grams is marked as bigger potato, the others are viewed as mid-little potato; ratio of bigger potato = number of bigger pota-

toes / ( number of bigger potatoes + number of mid-little potatoes ) x 100% ; different uppercase letters and lowercase letters in the same column mean significant

difference at 0.01 and 0.05 level.

2.5 BEXSHEKIHARENLE

2010 £, 4 H28HE S A 8 HEMERA
BomE+RERSIELPERHE, REE)ML
BKSEEMAHR119.9 mm, EESEMLIRBE
BWAR REL R RN, LEPRES KM,
Fets A8 HZS A 18 H RitFE/K 15.1 mm,
BEMATLEEKEMNTEE, X 187.8 mm,

BHATE RNEDREEKBEKES
420 mm, XS ATH, R (E)BHKHEAT . EF
WikE KB 296.7 mm, BNEFHHEAKER LN
257.0 mm, K i 82 4% (SL), F 3 (M) % (L)
EHEPRAKBEFAK, FHH272.4 mm, ZHF
BIK R FBCE R E B SR, 3 (M) Fi g

BELLEREEEEZR BRE(SE)TAEKS
FI I BEBRAK, N 45.2 kg/(hm® - mm) , & K T & i
xolgg s B 1 BB SE R (77.6 kg/(hm® -
mm) ), B ZEF 2002 £ F ¥4 & 2003 4 5 A &
KERFEEZ, BRBSLI DR EKXTAHUER
i, 86.3 kg/(hm’-mm) , 583 X'¢)5 B 21 Hi%
PR 4 F(84.9 kg/ (hm? - mm) 83

REFEXBRTANMEHARER . BUAEER
MEA BB T YR EEHEESHSA
EAaERE 5 AT A, ol %A a1 KN
A% BB ARKESRE, LAETRH
o

£S5 TREEDILENKIF AKELE
Table 5 The comparison of WUE under different sowing dates of potato

#H #EHTK 5 (mm) e 4k 84 K 53 (mm) B Kt (mm) #¥ K & (mm) b 4 K HARE

Sowing Water before Water in Precivitation Water (kg/hm?) (kg/(hm?* mm))
date sowing harvesting time Tpiiahol consumption Yield WUE
SE 154.2 153.5 302.3 303.1 13694 45.2
E 119.9 159.7 296.7 257.0 16667 64.9
M 187.8 264.6 348.9 272.1 20889 76.8
L 149.6 212.2 335.4 272.8 21056 77.2
SL 145.2 172.9 292.4 264.7 22833 86.3
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3 ZipAntis

1) ARERN BYPLEN DR ELETHER
AREEFHRFEAREWEE, MBMER, S
RELEBHE, SHERARERA—52, 7
RESMAEREBHRERX. BHZHEARER
S H KB HE Y R 4 0, 1R BE T R RO B K 3 o2
ERR, BB NBREFHHERBLEERT
BEE . B R, DREERKAPHRMHE,
WIKAAR AR TERGF 0 EEHERICR
LT FRELOFM 7 A Lha, EREF K
MERY R, FESEYW SBAS WKES, S
REREEZMR EFPRAEKAR BHHRKE
%, THRRER,

2) ARG REERGE TN RKF S Logistic
ERME RERLBRPREERYRERERET
BE HARAE S LB, REB R
M. EEH R AR YRRERBHATES
YIR EERIE, B FIK T sk LR wa i T Bk 22
My KM7EL, REBAH, SRETERRIUR,
7500 b 2R A BE AR, o 2R/, 8 0 X Ok B A9 R iR
MR RETBRMK. AR, SREERIERE
ERE T LMo A SRR, £
ERH F 89 15 AR 7 R T BB A

3) BRESREHEMEREM, HE2HE B
BREMBLANEZRARE, SBREBMEEL
)2 FA & KF, KERMEHENEREMR. &
BEM SBESEAKIAERE T EEMKAE
MR, R AR T A XTSRS
PR B SR L B 5 HE AR R 3 BK A SR A
BABEUEE M AERKEL, NS EA A, AR
PR, DR EL ERMARFEARRNRALTD A
RUBHFAMUERANEREBRRKE, P/PMEH®
BRI MERAHE, SXEHARERE
FrE5B),

4) REAZH T WX GRET B ZEF WH R
MEERSHEHA  EEPEHNERNRERE-&
MEENR, ZRXE P DK F %S
HER S m, AEHROK BT IR B 80% SR ARIE R4 #7,7
ATHHSHBEAREMREKSE, N SRETK
BRKHREBRPEHRAFELH B, LEFHK
MAREKER, BATE, BREBNERBZE i
REREGMH—BHERT BHEEBPRHAE
SAPTH,BEERAEETHBRKES M, ERIE™
BORIRT, U5 EE BB LEHE s A aa

o

5) AR RARURRT HREET &5 Hx
DHRELERRE JCRBERAKTFHAZEYGE W,
H—-LWEMEGEDNERBERASE, AT ARE
BIRMFT AW & S5 BB AR

Big:2ATARLAXFRARERRFRER,
T £ wF FTab KIAFRAFERLE
RysT R,
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Effect of sowing date on the growth and yield formation and water
use efficiency of potato in Agro-pastoral Ecotone

SHEN Jiao-jiao''>, WANG Jing'**, PAN Xue-biao'**, FENG Li-ping', ZHAO Pei-yi’, CHEN Chen'~
(1. College of Resources and Environmental Sciences, China Agricultural University , Beijing 100193, China ;
2. Shaanxi Meteorological Service Center, Xi’ an, Shaanxi 710014, China; 3. Key Ecology and Environment
Experimental Station for Field Scientific Observation in Huhhot, Ministry of Agriculture, Huhhot, Inner Mongolia 011705, China)

Abstract: In order to study the effects of different sowing dates on the growth, development, yield formation and
water use efficiency (WUE) of potato and provide a scientific basis for optimal sowing date and high yield of potato in A-
gro-pastoral Ecotone, phenology, morphological index, yield formation and WUE of potato under five sowing-date treat-
ments of SE(April 28), E(May 8), M(May 18), L(May 28) and SL(June 8) were compared using randomized block
design based on a field experiment in WuChuan county. The results showed that phenology, plant height and leaf area in-
dex (LAI) were significantly different under different sowing dates. The growing period of potato was shortened at a rate
of 6 days averagely with the sowing date postponed by 10 days, whilst the ratio of the reproductive stage in growing period
was increased, which reached 45% and 59% respectively under SE and SL treatments. Aboveground dry matter accumu-
lation under SE and E treatments were significantly lower than that of other sowing dates. In the whole period, the fresh
tuber weight increased as the Logistic growth curve. Total yield and yield of big potato as well as the number of big pota-
toes in all were significantly different. The difference of yield between M, L and SL treatments was not significant and
their averaged yield reached 21 593 kg/hm?, while there were also no significant difference in yield between SE and E
treatments, reached 15 181 kg/hm’ averagely. WUE increased as the sowing date delayed. The highest value and the
lowest value of WUE occurred under SE and SL treatments, which were 45.2 kg/(hm®+mm) and 86.3 kg/(hm’* mm)
respectively. The appropriate sowing date of potato in Agro-pastoral Ecotone was recommended to be arranged in middle-
late May. '

Keywords: sowing date; phenology; yield formation; WUE; potato



