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Effect of sowing time on growth,development,yield and
water use efficiency of spring rape in agro-pastoral ecotone

SHEN Jiao-jiao' , WANG Jing” , XU Hong',PAN Xue-biao”, LI Jian-ke' ,GAO Hong-yan'
(1 Shaanxi Meteorological Service Center ,Xi’an,Shaanxi 710014 ,China;

2 College of Resources and Environmental Sciences ,China Agricultural University s Beijing 100193, China)

Abstract: [Objective] This study aimed to investigate the effects of sowing time on growth,develop-
ment,yield formation and water use efficiency (WUE) of spring rape to achieve optimal sowing date and
high yield of spring rape in agro-pastoral ecotone. [Method] Phenology, morphological index, yield forma-
tion and WUE of spring rape in five sowing-date treatments of 04-28,05-08,05-18,05-28 and 06-08 were
compared using randomized block design based on field experiments at Wuchuan County in Inner Mongo-
lia. [Result] The results showed that duration of vegetative growth,reproductive growth and whole growth
period of spring rape reduced with the postpone of sowing. Duration of the whole growth was shortened at
a rate of 4—7 days averagely as the sowing date was postponed by 10 days,and ratio of the reproductive

stage to whole growing period was increased to 48, 09% ,54. 70% ,and 54.55% respectively under sowing-
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date treatments of 04-28,05-28 and 06-08. If spring rape was planted before mid-May,lower air temperature

in earlier vegetative growing period,insufficient precipitation during whole growing period and most of pre-

cipitation occurring in later growing period would result in inadequate aboveground dry matter accumula-

tion. With the sowing date postponed, plant height,leaf area index (LAI) and aboveground dry matter of

spring rape accumulated rapidly. At the end of growing period,ratio of dry stream to aboveground dry mat-
ter reduced to 29. 5% (05-28), then increased by up to 50. 7% (06-08), while ratio of dry pod to
aboveground dry matter increased by up to 70. 5% (05-28), then reduced to 41. 8% (06-08). Number of

pod per area,yield and WUE of spring rape increased as the sowing date postponed. Compared with treat-

ment of 05-28,yield and WUE of treatment of 06-08 reduced at 0. 05 and 0. 01 significant level respectively.

[Conclusion)] The appropriate sowing date of spring rape in agro-pastoral ecotone was late-May.

Key words: sowing date; phenology;yield formation; WUE ;spring rape;agro-pastoral ecotone
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Table 1 Air temperature and precipitation (include watering) during the growing period of spring rape in 2010
B — i g — IF e TFAE — WL
k] Sowing — Emergence Emergence— Flowering Flowering— Maturation
Sowing date K|/ C [ 7K i /mm K/ C [ 7K i /mm i/ C Ff 7K i /mm
Air temperature Precipitation Air temperature Precipitation Air temperature Precipitation
R %E Super-early sowing 9.2 10.7 18.7 64.2 19.4 173.1
4% Early sowing 12.1 13.0 19.9 67.8 18.8 164. 2
F1#% Middle sowing 15.4 20. 6 20.7 56.5 18.1 184.6
4% Late sowing 17.0 20.7 22.0 48.9 17.6 200. 6
% 4% Super-late sowing 20. 1 45.8 22.3 58.4 16.1 195. 2
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Table 2 Growth period and intervals between growth stages of spring rape with different sowing dates in 2010
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Fig.2 Accumulated aboveground dry matter (a) and ratio of dry pod and stream to whole of

spring rape at the end of growing period (b) with different sowing dates
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Table 3 Number of pod per plant.yield and WUE of spring rape with different sowing dates
. W - Bk A R B o KRR/
4 C K & =/ ’
% #E AR Sr/mm 7K 4¥ /mm [ 7K H /mm ek &/mm Number TR ., (kg » hm 2«
L Water before o Water (kg « hm %)
Sowing date . Water when Precipitation . of pod . mm~ )
sowing harvesting consumption per plant Yield WUE
o
A . 154.2 114.1 248.0 288.0 206. 3 bB 1353.9 ¢B 4.7 dC
Super-early sowing
F$E Early sowing 119.9 99.9 245.0 264.9 237.0 bB 2 033.6 bA 7.7 bcAB
H1#% Middle sowing 187.8 211.6 261.7 237.8 292.7 bAB 2 061.7 bA 8.7 abAB
4% Late sowing 179.6 194.1 270.2 255.7 409.7 aA 2 502.5 aA 9.8 aA
i 145.2 162. 3 299.4 282.4 419. 3 aA 1 906.5 bAB 6.8 ¢BC

Super-late sowing

T R BB G AR AN 1] K /NG 5 8 35 3R 28 5338 3R 3 (P<<0. 0D B i 3 /K - (P<C0. 05)

Notes: Different uppercase letters and lowercase letters in the same column mean significant difference at 0. 01 and 0. 05 level, respectively.

5 2010-04-28 —05-08 FEFIA &2 i F R4
A 2% O A R - K A A R 119, 9
mm, [ i T, I Ak, i 05-08 —05-18
P15, 1 mm FEAK, R B 4 8 K ik #1878
mm, #7175 1k X I 32 K 4 R R I
LR K A R R K. R 4. 7 kg/ (hm?
5 F 0 5 i I 2 K 3 R T 80t 3 R W A
A% 9.8 kg/(hm? « mm),{HJE 6 A 153 Fh 1
SR 43R FH 038 R B AR B IR AE T 2010-06 AU
3 ARER H (Hir 06-01(13. 1 mm) 1 06-28(38. 2
mm) ¥ N T AR BOIR B AS A ) 9 B K B i
F 299.5 mm, {H B KA, + 5K B4 F SoKCR
B KGRI RCRAL R 6.8 kg/(hm® « mm),

3 e

AW 4 AR E S T ) B R &
T2 357 BE IE BB » It 58 A0 4 08 L 7 S A R A
PR 2B T I R 2R B A R S X S L I (]
FEAR I IR] 22 5 R 2 35 b R D57 2009 AR IR 56 25 R
i IE R 10 d Ze A7 U AE T 2010 AR R oK fi 20 4 i
SR AR SR 5 ] A S

AT R 7 301 9 R X AR i S o B R R
W35 T R R A AR S R e R AL B
e A2 AT AR D A A I N KR R B2 A
T 2R 0 3 A B KR L 5 A RO AL A S b
TH TR R B AR AR T L 32 B
AR R 6 A 4y A R BCR SR N L {E AR SR
Je 300 7 AR L - U AR R OL B W Tk Kt e 7
B 2R b A A A A R T R T O LR R
REAR K 7 M RCR WA o U T Rk A R B 2
R 7 N — 5 e TR S PR AR 7 R R I SRR
P4 3% A A L B 0 3 SR 38 Bk 2R B B A DR IE —
SE AR RO R A L 4R v o SRR RORURL B (7

e mm),

1R /N

MIEHIK G 80 V0 AR AE A 53 #T o 25 7% B AR
SR AR SR R ALK R RCR AT B R
FESCAE ot o AR B — BRI BT K 3 R % )
GHEAE 5 AT A AT N K BT IR A AR N A B
AR BT IR AR s T LSS B R A

AWEFEAL M 1A BRAF LT B8 300 00 A e 52
AR SR A KR T R IR O 7 ) AR ) B
i o $E— 22 W FE I N5 1R ) 2R R R 2545 70 A A
(7] 4 28 2% 1R T A [5) il ol 25 00038 B9 B AR 4 30

48 g

AT R 23 391 8 b s 36 XoF A e 52 A o X
ENGCE RN Rl BRI/ 2O = 1NN i1 IV
SRR BEAT T OB, 45 0k B Bl 46 39 1 4 3R
I S A AN L A T S4B AR O X S
K Az NI 1] K B o0 TIE 2 7 5 B A W PR Ok v
T BR R O 1 B A b R R A W AT AR R
i 1 A i 78 73 e B B AR SR L K BB AT B 58 0 M
F e s R HER 2 6 7 0y, B b AT - 8 i 0 22
A R V) By T SR T N T AN K T AT
A EFRAR TR ARER RS
AR R RIS . AR T: 708 2 1
oA SR AL L R A il S R A 2 HEAE 5 A
LGP

[ 5% k]

(1] e REH. 7 2.5 A7 REXEBLMRERELE
FibE [ MR . 2010, 36(12) :2124-2134.
Sun W C, Wu J Y. Fang Y. et al. Growth and development
characteristics of winter rapeseed northern-extended from the
cold and arid regions in China [J]. Acta Agronomica Sinica,
2010,36(12):2124-2134. (in Chinese)

(2] N4, ST, BR AR, AF. 4Tl SR 7E 7O db 598 XY 3 B M Fl



64

P A e MR K 0 AR

541 %

(3]

[4]

(5]

(6]

7]

(8]

9]

e m 4T Mg L1, o E Al BE 4%, 2007, 40 (12) : 2716~
2726.

Sun W C,Ma W G,Lei ] M, et al. Study on adaptation and in-
troduction possibility of winter rapeseed to dry and cold areas
in Northwest China [ J]. Scientia Agricultura Sinica, 2007, 40
(12):2716-2726. (in Chinese)

XA BR B2 B TR 23 L AL b O AR RS R Y 3 B R
AEZS I [T, HERB i i, 2002, 17(5) . 739-747.

Zhao H L,Zhao X Y,Zhang T H,et al. Boundary line on agro-
pasture zigzag zone in North China and its problems on eco-en-
vironment [ J]. Advance in Earth Sciences, 2002, 17 (5):739-
747. (in Chinese)

AT e L AU T AR M B A A A R R b AR 7 ) B R
WL = LAH A48 7 B 4] [T, A R4, 2005, 27 (1) - 7-11.

Li G,Huang G B. The climate change and grassland productivi-
ty response to it in the northern farming-pastoral area; Taking
Dingxi County as an example [ J]. Grassland of China,2005,27
(1) :7-11. (in Chinese)

W, £ WL RS BRI R O B A R Rk
B RIE R A [Tt E 22 . 2011, 27(15) £ 52-56.
Shen J J. Wang J, Chen C,et al. Effect of sowing date on the
growth,development and yield formation of naked oats in agro-
pastoral ecotone [ J]. Chinese Agricultural Science Bulletin,
2011,27(15) :52-56. (in Chinese)

W, £ 5 bR A BRI R B A TR R K
KRH A B R B OK A BT RCR B2 [T ], T 50 Al
4%.,2012,30(2) :137-144.

Shen J J.Wang J,Pan X B,et al. Effect of sowing date on the
growth and yield formation and water use efficiency of potato
in agro-pastoral ecotone [ J]. Agricultural Research in the Arid
Areas,2012,30(2) :137-144. (in Chinese)

B A IRORTE BB A RS B AN P AR 9871 K
Ko g (1], 22 6 4EY) 2 4. 2011, 31(3) 1 529-534.

Yang J,Zhang B J,Mao J C,et al. Effects of sowing date and
planting density on grain yield in winter wheat Xinong 9871

[J]. Journal of Triticeae Crops,2011,31(3):529-534. (in Chi-

nese)
BB, £ A ARKER S AR =R T R AR

T8 R E R ()], AR R4 . 2010.30(17) 147484755,

Chen X G,Wang H,Zou Y C.,et al. Adaptation and determina-
tion of sowing date under climate change in early matured rice
in Guangdong Province [J]. Acta Ecologica Sinica, 2010, 30
(17):4748-4755. (in Chinese)

A0 B B, 4R A L AL R 0D R OK T B R 5
AR SRR s [T, /EY) 2% i)k 2010,36(12) : 2143~
2153.

Li X L,Zhao M,Li C F,et al. Effect of sowing-date and plant-

ing density on dry matter accumulation dynamic and establish-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ment of its simulated model in maize [J]. Acta Agronomica

Sinica,2010,36(12):2143-2153. (in Chinese)
FEM.BH = AL Ie. s SRR SR i 5
AR A S [T TV Al K2 % i, 2001, 23(2)
174-177.
Wang G H,Guan C Y,Chen S Y. Studies on ecological charac-
ters of rape [ J]. Acta Agriculturae Universitis Jiangxiensis,
2001,23(2):174-177. (in Chinese)
BT B A . AN T8 35 159 00 7S ) 5 81 28 9l 3 7 dk 4 2 0 5% i)
[J0. B IR 25248 . 2001.12(6) :853-858.
Liao G P,Guan C Y. Effect of seeding date on yield character-
istics of different rapeseed (Brassica napus) genotypes [ J].
Chinese Journal of Applied Ecology.2001,12(6):853-858. (in
Chinese)
RARER R SCFE E A R AR B R SRR T A
B2 [ thiseolh A 92241, 1999, 18(5) : 283-288.
Zhao ] X,Zhu W X, Wang H. Affection of different cultivating
factors on hybrid rape [J]. Journal of Mountain Agriculture
and Biology,1999,18(5) :283-288. (in Chinese)
W Je . L TR R SR A R B B AR B ST [T, T 5t
X A AFF 5 51996, 14(4) :47-51.
Yang J L. The optimal cultivation technique of Brassica napus
L. rape plant on weibei rainfed highland [J]. Agricultural Re-
search in the Arid Areas,1996,14(4):47-51. (in Chinese)
g ML E TR BRI SRR T S B Y 3 A R
BT R AE TS %4, 2007,18(2) £ 322-326.
Zhu Y,Cao W X, Tian Y C,et al. A dynamic knowledge model
for designing suitable scheme of rapeseed sowing and trans-
planting [ J]. Chinese Journal of Applied Ecology, 2007, 18
(2):322-326. (in Chinese)
R HLFS ARG B RS AR N A SR A A AR A A3 AT
SRR LT, P AR %, 2004,25(4) - 51-55.
Zhang H L,Deng Z Y, Yin X Z,et al. Analysis of ecological
climate adaptability and planting division of oilseed rape in
Gansu Province [ J]. Chinese Journal of Agrometeorology.
2004,25(4) :51-55. (in Chinese)
B ERAE G WS A RITE RS
A58 A g o 3 A7 [T [ e %43 4z . 2010, 26(3) : 306-310.
Yang Z L.,Li C S,Yang J,et al. Response to climate changing
effect on main crop production of Wuchuan County in Inner
Mongolia [J]. Chinese Agricultural Science Bulletin, 2010, 26
(3):306-310. (in Chinese)
I RARFEMNRERBOCCH A X EERED KK
HHRPE RN (D] At st B E R KR, 2010,
Wang F. Impact of climate condition on the growth and devel-
opment of the main crops of the agropastral zone in China
[D]. Beijing: China Agricultural University, 2010. (in Chi-

nese)



