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Analysis of the effect and suitability of bi-annual
planting model in Northern Xinjiang
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(1.College of Water & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;
2. Key Laboratory of Modern Water-Saving Irrigation of Xinjiang Production &
Construction Group, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: In order to study the effect and suitability of bi-annual planting patterns in Northern Xinjiang eco-
logical region, an optimized planting mode of efficient planting system was considered to enrich the planting model
in the ecological zone and realize the diversification of planting model. In this paper, two years of repeated compar-
ative experiments were carried out, and four different planting models were set up as spring wheat-repeating oil sun-
flower, spring wheat-complex silage comn, single crop cotton, and single crop spring sowing maize ( designated as
model 1, model 2, model 3, and model 4, respectively) to conduct a plot experiment. The resource and environ-
mental utilization rate, water and fertilizer resources consumption and utilization, and economic benefits were stud-
ied under the four different planting models. The results showed that bi-annual planting model was an optimized
planting mode of efficient planting model in the development of the northern Xinjiang ecological zone. Areas with ef-

fective accumulated temperature greater than 4260 °C promoted the planting model, esp. Shihezi region 0°C or
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higher active accumulated temperature reached 4 300°C ~4 500°C , then, sowing wheat to meet demand. Compared
with the single planting model, bi-annual planting model had obvious advantages in dry matter production efficiency
and distribution, and annual energy production. The dry matter production efficiency of model 1 was 111.04% and
29.53% higher than that of model 3 and model 4, respectively. Compared with model 3 and model 4, the dry matter
production efficiency of model 2 increased by 123.56% and 37.21%, respectively. The annual energy production of
model 1 was 102.68% and 28.02% higher than that of model 3 and model 4, respectively, and the annual energy
production of model 2 was 114.10% and 35.24% higher than that of model 3 and model 4, respectively. The annual
total radiation utilization rate, total radiation production efficiency, effective accumulated temperature distribution
rate, and temperature production efficiency of model 2 all reached the maximum value, because the growth period
of the model was 179~ 184 days, which was the longest among 4 models. The planting pattern spanned the longest
time and contained the most abundant solar and thermal resources from May to September, which makes the utiliza-
tion of solar and thermal resources more efficient. Because of the better market value of cotton and the efficient pro-
duction capacity of spring-sown maize, advantages of the two bi-annual cropping systems in water and fertilizer re-

sources utilization and economic benefits were not obvious.

Keywords: cropping pattern; bi-annual planting; resource utilization efficiency; economic benefit; Northern

Xinjiang ecological zone
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Table 1 Irrigation and fertilization treatment under different planting models
T AE A JitiJE i Fertilization amount/ (kg + hm™) AR AR
A A AR Irrigation quota/mm (CO(NH,),)+(KH,PO,) Growth cycle/d
Planting model Year . F: e o7 W .S F ot
First crop Second crop First crop Second crop First crop Second crop  Total
1 2011 465 300 600+195 500+165 98 93 191
Model 1 2012 465 300 600+195 500+165 96 87 183
izt 2 2011 465 325 600+195 525+165 98 86 184
Model 2 2012 465 325 600+195 525+165 96 83 179
izl 3 2011 450 500+300 166 166
Model 3 2012 450 500+300 157 157
1R 4 2011 400 525+165 138 138
Model 4 2012 400 525+165 139 139
R2 20112012 FHEPRIRIKAEHF I EIFR
Table 2 Distribution of effective accumulated temperature and solar radiation in 2011-2012
PRSI AR
FpAei =t AR Total solar radiation distribution/(MJ « m™2) Effective accumulated temperature/°C
Planting model Year = 2 JE 4 7 e JE 4R
First crop Second crop Anniversary First crop Second crop Anniversary
Bt | 2011 2150.61 1824.92 3975.53 1855.00 2365.00 4220.00
Mjijel | 2012 2099.61 1774.32 3873.93 1889.00 2412.00 4301.00
FH4 Average 2125.11 1799.62 3924.73a 1872.00 2388.50 4260.50a
Hist 2 2011 2150.61 1731.45 3882.06 1855.00 2278.00 4133.00
ME;;[ ) 2012 2099.61 1686.43 3786.04 1889.00 2324.00 4213.00
l -5 Average 2125.11 1708.94 3834.05a 1872.00 2301.00 4173.00a
Bist 3 2011 3505.12 3505.12 4020.00 4020.00
M%Tl 3 2012 3418.30 3418.30 4115.00 4115.00
odae.
FF Average 3461.71 3461.71b 4067.50 4067.50a
- 2011 3050.58 3050.58 3411.00 3411.00
i 4
Model 4 2012 2979.73 2979.73 3479.00 3479.00
) Average 3015.16 3015.16¢ 3445.00 3445.00b

I AF/NG FRFR AR A B ETE P<0.05 K2R EBF, TR,

Note : Different lowercase letters indicate significant difference among treatments ( P<0.05). The same below.
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184 d; ik 3 2 F W 157~ 166 d; i 4 4L F W)
138~139 d, HPEBEE E K LLAIERRE R4
BFHIGEE L 53~55 d,#H3 1 ABER 2 B RUR =10
FEIY M 173~176 d A1 178 ~180 d, Bk 1 HoAR
3K 4 4302 20~23 d 1 24 ~28 d, B0 2 A
3 M 4 402 35~37 d Fi140~41 d,
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11 378.45 kg - hm™ , T F AL =8OR L 38.62%
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T3 AR 35k 25 57 BRVEARAE 5 SRR B3 KA
FES R 2R T —AF WG AR 1 7 P R AR AR X 22 (RS A7
FE PR 2 5 UL BH — A 1 RO AR 2 B A
R AR R AR 40 o A P 858 AL

222 FRREFAHBEXTRAFaEAE® 4 PR
B AR RE AR P B LR 5, AT R BLRAERE =
Az Ak ka5 AR T AR R R B, AR
T A AR 2 Rk R, R w1,
Horp X 1 B 2 EAE T 5™ e et 3 B 4
100 34.51 14.91 MJ - m > F138.35 18.75 MJ  m™?;
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Table 3 Comparison of crop growth process under different planting models

H—Z8 First crop

5 2% Second crop

TR AR R

Plating motel Ve JHFE ek A LA i e A
Sowing date Harvesting date ~ Growth period/d Sowing date Harvesting date  Growth period/d
1 2011 2018-03-28 2018-07-04 98 2018-07-11 2018-10-12 93
Model 1 2012 2018-04-01 2018-07-06 96 2018-07-15 2018-10-10 87
izl 2 2011 2018-03-28 2018-07-04 98 2018-07-08 2018-10-02 86
Model 2 2012 2018-04-01 2018-07-06 96 2018-07-11 2018-10-02 83
izl 3 2011 2018-04-27 2018-10-10 166
Model 3 2012 2018-05-01 2018-10-05 157
izl 4 2011 2018-04-27 2018-09-12 138
Model 4 2012 2018-04-29 2018-09-15 139

::2011 4F5 2012 4F H AR =10°C HWIE3 8424 A 1 HE 10 A 1 HME,

Note: The dates of average daily accumulated temperature = 10 °C in 2011 and 2012 were from April 1 to October 1 every year.

x4 FRAMEEXTERAETYRESRNERSE/ (kg -

hm™)

Table 4 Annual dry matter production efficiency and distribution under different planting models

H5—Z8 First crop

5 2% Second crop

JEAE Anniversary

A AFE — : — : - ;
Plming molel  Yew | 'DF EFRE BB 0bF EF ORE AW 0F ZR RE A
Leave Stem Ear  Whole plant  Leave Stem Ear  Whole plant  Leave Stem Ear  Whole plant
2011 2098.00 4461.72 10684.10 17243.82  3586.07 8913.93 844473 20944.73  5684.07 13375.65 19128.83 38188.55
1 2012 202550 4560.08 10878.50 17464.08  3600.10 8893.25 8169.00 2066235  5625.60 13453.33 19047.50 38126.43
Model 1 S 4]
Aq;dj 200175 451090 10781.30 17353.95 3593.09 8903.59 8306.87 20803.54  5654.84 13414.49 19088.17 38157.49a
verage
2011 2098.00 4461.72 10684.10 17243.82 449741 972021 8704.68 2292230 659541 14181.93 19388.78 40166.12
Fiix 2 2012 202550 4560.08 10878.50 17464.08  4787.56 1015540 8269.44 2321240 6813.06 1471548 19147.94 40676.48
Model 2 SE
Average 2061.75 451090 10781.30 1735395 464249 9937.81 8487.06 23067.35 670424 1444871 19268.36 40421.30a
v
2011 3347.80 4073.60 10377.80 17799.20 3347.80 4073.60 10377.80 17799.20
1 3 2012 3129.70 4231.50 11001.70 18362.90 3129.70  4231.50 11001.70 18362.90
Model 3 e
323875 4152.55 10689.75 18081.05 323875 4152.55 10689.75 18081.05¢
Average
2011 4500.00 11089.00 13748.00 29337.00 4500.00 11089.00 13748.00 29337.00
Fix 4 2012 4467.00 10795.00 14320.00 29582.00 4467.00 10795.00 14320.00 29582.00
Model 4 S
4483.50 10942.00 14034.00 29459.50 4483.50 10942.00 14034.00 29459.50b

Average
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Table 5 Annual energy production under different planting models

G

e

#—Z% First crop

% 2% Second crop JE 4 Anniversary

a5 F Ak - il Ak 2y il Ak
Planting model ~ Year MR AT Rk axtk upi Evii A B/ Lioe) =R Rl 2k
Leaves  Stem Ear Whole plant Leaves  Stem Ear Whole plant Leaves  Stem Ear Whole plant
2011 3.66 7.79 18.66  30.11 6.52 16.21 15.35  38.08 10.18  24.00 34.01  68.19
1 2012 3.54 7.96 19.00  30.49 6.55 16.17 14.85  37.57 10.08  24.13  33.85  68.06
Model 1 1y
3.60 7.88 18.83  30.30 6.53 16.19 15.10  37.82 10.13  24.06 3393 68.12a
Average
2011 3.66 7.79 18.66 30.11 8.12 17.56 15.72 41.40 11.79 25.35 34.38 71.51
izt 2 2012 3.54 7.96 19.00 30.49 8.65 18.34 14.94 41.92 12.18 26.30 33.93 72.42
Model 2 SEH
3.60 7.88 18.83  30.30 8.38 17.95 15.33  41.66 11.98 2583  34.15 71.96a
Average
2011 6.22 7.57 19.29 33.09 6.22 7.57 19.29 33.09
izt 3 2012 5.82 7.87 2045  34.14 5.82 7.87 20.45  34.14
Model 3 Sy
6.02 7.72 19.87 33.61 6.02 7.72 19.87  33.6lc
Average
2011 8.13 20.03  24.83  52.99 8.13 20.03  24.83  52.99
iz 4 2012 8.07 19.50 25.86 53.43 8.07 19.50 25.86 53.43
Model 4 SEH
8.10 19.76 2535  53.21 8.10 19.76  25.35  53.21b
Average
xo6 ARMEEX TIEMRERTESESH A
Table 6  Distribution and utilization of crop light energy resources under different planting models
NI T B B PR (g - MU i B A
Tt AR Total solar radiation distribution rate Total solar radiation production efficiency AFH ﬁk/lz/ %l
i ; e . e P N nnual tota
Planting model Year % BF Ja4E Hi—%F HF JA4E radiation utilization
First crop  Second crop  Anniversary First crop  Second crop  Anniversary efficiency
e 2011 39.41 33.44 72.86 0.80 1.15 0.96 1.72
;I%O(TSI 11 2012 38.48 32.52 70.99 0.83 1.16 0.98 1.76
-4 Average 38.95 32.98 71.93a 0.82 1.16 0.97a 1.74a
" 2011 39.41 31.73 71.14 0.80 1.32 1.03 1.84
B 2
Model 2 2012 38.48 30.91 69.38 0.83 1.38 1.07 1.91
-5 Average 38.95 31.32 70.26a 0.82 1.35 1.05a 1.88a
. 2011 64.24 64.24 0.51 0.51 0.94
B 3 2012 62.64 62.64 0.54 0.54 1.00
Model 3
- Average 63.44 63.44b 0.52 0.52b 0.97b
Bt 2011 55.91 55.91 0.96 0.96 1.74
A 4 2012 54.61 54.61 0.99 0.99 1.79
Model 4
S Average 55.26 55.26¢ 0.98 0.98a 1.76a
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Table 7  Effective accumulated temperature distribution and temperature production efficiency under different planting models

ARSI HCE/ %o AR/ (kg hm™ - C7") A PR R
Effective accumulated temperature Temperature production W /9
1)13?1%5%?@1 q;e}i distribution rate ! ' cfficiescy ;E:fj ;l/:ﬂ
H® A 4 e Jel temperature
First crop  Second crop  Anniversary First crop  Second crop  Anniversary utilization efficiency

o 2011 43.44 55.39 98.83 9.30 8.86 9.05 98.83
;y;il ll 2012 43.37 55.37 98.74 9.25 8.57 8.86 98.74
-3 Average 43.41 55.38 98.79a 9.27 8.71 8.96h 98.79
. 2011 43.44 53.35 96.79 9.30 10.06 9.72 96.79
1\4;?035122 2012 43.37 53.35 96.72 9.25 9.99 9.65 96.72
FH4 Average 43.41 53.35 96.76a 9.27 10.02 9.69a 96.76
i3 2011 94.15 94.15 4.43 4.43 94.15
Model 3 2012 94.47 94.47 4.46 4.46 94.47
- Average 94.31 94.31a 4.45 4.45¢ 94.31
Wizt 4 2011 79.88 79.88 8.60 8.60 79.88
Model 4 2012 79.87 79.87 8.50 8.50 79.87
T4 Average 79.88 79.88b 8.55 8.55b 79.88
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Table 8 Resource consumption and utilization under different planting models
Fed/ (kg - hm™2) T KR/ (kg - m™) RERMR A= 11/ (kg « kg™")
- ) Yield Irrigation water use efficienc Fertilizer partial productivit
Pt R P . ! g :
Planting model Year g7 HoF FEAE o HoF JE4AE o HoF JR4E
. Second . . Second . . Second .
First crop Anniversary  First crop Anniversary  First crop Anniversary
crop crop Ccrop
2011 6891.44  3681.02  10572.46 1.48 1.23 1.38 8.67 5.54 7.24
B 1 2012 6782.35  3628.63  10410.98 1.46 1.21 1.36 8.53 5.46 7.13
Model 1 SEH
6836.90  3654.83 10491.72b 1.47 1.22 1.37¢ 8.60 5.50 7.19¢
Average
2011 6891.44  80914.63 87806.07 1.48 24.90 11.11 8.67 117.27 59.13
FisX 2 2012 6782.35  78062.50  84844.85 1.46 24.02 10.74 8.53 113.13 57.13
Model 2 Sy
6836.90  79488.57 86325.46a 1.47 24.46 10.93b 8.60 115.20 58.13b
Average
2011 5433.45 5433.45 1.21 1.21 6.79 6.79
Fix 3 2012 5144.12 5144.12 1.14 1.14 6.43 6.43
Model 3 SEH
5288.79 5288.79¢ 1.18 1.18¢ 6.61 6.61c
Average
2011 112500.00 112500.00 28.13 28.13 163.04 163.04
i 4 2012 105000.00 105000.00 26.25 26.25 152.17 152.17
Model 4 S
108750.00 108750.00a 27.19 27.19a 157.61 157.61a
Average
x99 AREMBEEXZFUHEN L
Table 9  Comparison of economic benefits under different planting models
” g o i v 2% AER
AL f"m P A %%xﬁﬁn . FRER -
Planti del Yield Output value Cost One-season benefit Annual benefit
anting mode /(kg - hm™) /(Yuan + hm™)  /(Yuan - hm™?) /(Yuan + hm™2) /(Yuan - hm™2)
. .%/J\i 6836.90 13947.28 6450.00 7497.28
R 1 Spring wheat
Model 1 Ik 14616.60
Multipe cropping 3654.83 14619.32 7500.00 7119.32
oil sunflower
. .%/J\i 6836.90 13947.28 6450.00 7497.28
ik o Spring wheat
Model 2 BAEhEE 20462.18
Multipe cropping 79448.57 19464.90 6500.00 12964.90
oil sunflower
P T
#est 3 ,:qiﬁz%% 5288.79 42310.32 20370.00 21940.32 21940.32
Model 3 Single cotton
Model 4 Single crop spring 108750.00 26643.75 8000.00 18643.75 18643.75
ode sowing maize
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