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Productivity evaluation of crop rotation in cold and arid region of Northern
China
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Abstract: To understand mechanisms of crop adaptability to various previous crop croppings, evaluate crop performance on the
croppings, and identify suitable crop combinations for rotation of major crops in the cold and arid region of Northern China. A
five-year field experiment was conducted using five crops from 2015 to 2019, including potato (Solanum tuberosum), faba bean
(Vicia faba), forage maize (Zea mays), oat (Avena sativa), and beet (Beta vulgarwas). Yields of potato, oat, and beet in rotation
were 1.30-1.68, 1.28-1.48, and 1.25-1.48 times of those in continuous cropping of single crops, respectively. Yield of faba bean
on beet cropping was 10.58% lower than that of continuous faba bean while yield of forage maize on oat or beet stubble was
9.10%—15.42% lower than that of continuous forage maize. The LERr of 10 crop combinations was 1.09—1.68, indicating positive
effects of rotation. Combinations of oat — potato, beet — potato, forage maize — potato and faba bean — potato had higher LER,
indicating faba bean and forage maize might be more durable of continuous cropping. In terms of productivity, suitable crop com-
binations for rotation in the area were oat — potato, beet — potato, forage maize — potato, faba bean — potato and oat — beet.
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Table 1 Planting pattern of experimental plot

Year Year

Experimental plot 2015 2016 2017 2018 2019 Experimental plot 2015 2016 2017 2018 2019
1 B P B P B 14 FB FM FB FM FB
2 0 P o) p 0 15 p FM FM p
3 FM P FM P FM 16 0 o) B
4 FB p FB P FB 17 0 0 0 0 0
5 p p p P 18 FM o) FM 0 FM
6 B FB FB B 19 FB 0 FB 0 FB
7 0 FB o) FB 0 20 P 0 0 P
8 FM FB FM FB FM 21 B B B
9 FB FB FB FB FB 22 0 B B o)
10 FB FB P 23 FM B FM B FM
11 B FM FM B 24 FB B FB B FB
12 0 FM FM 0 25 P B P B P
13 FM FM FM FM FM — — — — — —

P: ; FB: ; FM: ; O: ; B:

P: potato; FB: faba bean; FM: forage maize; O: oat; B: beet.
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Table 2 Sowing and harvesting dates of experimental crops

Sowing and harvesting date (month/day)

2015 2016 2017 2018 2019
Crop
Sowing Harvesting Sowing Harvesting Sowing Harvesting Sowing Harvesting Sowing Harvesting
date date date date date date date date date date
Potato 04/30 09/18 05/02 08/25 04/25 09/16 04/28 09/12 05/03 09/17
Faba bean 05/04 08/21 05/04 08/24 05/19 08/26 05/15 09/09 05/14 09/16
Forage maize  05/26 09/20 05/22 08/26 05/19 09/11 05/15 09/15 05/14 09/21
Oat 05/31 09/16 05/21 09/03 05/25 09/08 05/23 09/01 05/23 09/18
Beet 05/23 10/07 05/25 10/01 05/27 10/01 05/29 10/03 05/20 09/28
, Yc (kg hm™), Yr LERr > 1 ,
(kg hm™?) , ; LERr <1 |
LERc > 1 , I
, 4 ;LERc<1 LERr=1 ,
, “  :LERc=1 , “0”
, ,  “o” 1.33 mERICOAEZ
(LERr) 9 [25-26],
’ = [X( x
)40 X )] % 100
LERFlZn:YI'i /Yc, 14 .
pa Microsoft Excel =~ SPSS
, Yc; i R LSD
(kg hm™), Yr; (kg Duncan’s ,

hm™), n

P<0.05 27
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Table 3 Economic yield of crops at different croppings (kg hm™?)

Cropping
Crop Year
Potato cropping Faba bean cropping  Forage maize cropping  Oat cropping  Beet cropping
2016 2163.07 425437 4238.45 5833.94 4308.85
Potato 2017 2801.63 3776.77 4504.18 4358.62 3416.63
2018 3592.31 5504.73 6470.60 6405.94 5898.10
2019 4711.07 5725.97 5339.61 5714.08 3615.10
Average 3317.02a 4815.46 ab 5138.21b 5578.15b 4309.67 ab
2016 1684.84 1775.89 3289.14 1838.42 1758.38
Faba bean 2017 2207.77 1540.77 1739.20 1570.79 1288.98
2018 1333.05 1435.22 1750.29 1533.71 966.93
2019 2771.22 1978.16 1858.91 1915.53 2003.43
Average 1999.22 a 1682.51a 2159.39 1714.61a 1504.43a
2016 13,861.37 14,350.51 12,467.90 11,515.76 8099.60
Forage 2017 17,271.16 16,558.21 16,776.81 13,681.24 12,204.87
maize
2018 19,993.85 16,922.10 16,420.76 17,487.80 16,897.30
2019 17,130.04 18,201.34 14,700.37 12,189.03 13,858.04
Average 17,064.11 b 16,508.04 ab 15,091.46 ab 13,718.46 ab  12,764.95a
2016 3151.58 2601.30 2101.05 1950.98 2451.23
Oat 2017 2486.32 2090.49 2646.33 1525.14 1597.04
2018 2207.76 2059.03 1854.65 1148.67 1316.63
2019 2206.59 2173.76 2298.03 2162.77 3353.97
Average 2513.06 a 2231.15a 2225.02 a 1696.89 a 2179.72 a
2016 12173.89 10865.77 9355.20 9456.63 8393.31
Beet 2017 11,378.05 9843.94 11,423.90 9293.52 7019.03
2018 9471.98 9519.76 9543.03 8795.43 6151.40
2019 11,485.23 10,670.61 9484.93 10,160.39 8583.51
Average 11,127.29 ¢ 10,225.02 be 9951.77 be 9426.49 b 7536.81 a
(P < 0.05)

Different lowercase letters represent significant difference (P < 0.05).
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Table 4 Crop land equivalent ratio under different cropping patterns

Potato cropping Faba bean cropping Forage maize cropping Oat cropping Beet cropping

Crop Year

oy Effect LERe Effect e Effect e Effect LERe Effect
2016 1.00 0 1.97 + 1.96 + 2.70 + 1.99 +
Potato 2017 1.00 0 1.35 + 1.61 + 1.56 + 1.22 +
2018 1.00 0 1.53 + 1.80 + 1.78 + 1.64 +
2019 1.00 0 1.22 + 1.13 + 1.21 + 0.77 -
Average 1.00 a 0 1.52 ab + 1.63 ab + 1.81b + 1.41 ab +
2016 0.95 - 1.00 0 1.85 + 1.04 + 0.99 -
Fababean 2017 1.43 + 1.00 0 1.13 + 1.02 + 0.84 -
2018 0.93 - 1.00 0 1.22 + 1.07 + 0.67 -
2019 1.40 + 1.00 0 0.94 - 0.97 - 1.01 +
Average 1.18 ab + 1.00 ab 0 1.29b + 1.03 ab + 0.88 a -
2016 1.11 + 1.15 + 1.00 0 0.92 - 0.65 -
Forage 2017 1.03 + 0.99 - 1.00 0 0.82 - 0.73 -
maize 2018 1.22 + 1.03 + 1.00 0 1.06 + 1.03 +
2019 1.17 + 1.24 + 1.00 0 0.83 - 0.94 -
Average 1.13b + 1.10b + 1.00 ab 0 091 a - 0.84 a -
2016 1.62 + 1.33 + 1.08 + 1.00 0 1.26 +
Oat 2017 1.63 + 1.37 + 1.74 + 1.00 0 1.05 +
2018 1.92 + 1.79 + 1.61 + 1.00 0 1.15 +
2019 1.02 + 1.01 + 1.06 + 1.00 0 1.55 +
Average 1.55b + 1.38 ab + 1.37 ab + 1.00 a 0 1.25 ab +
2016 1.45 + 1.29 + 1.11 + 1.13 + 1.00 0
Beet 2017 1.62 + 1.40 + 1.63 + 1.32 + 1.00 0
2018 1.54 + 1.55 + 1.55 + 1.43 + 1.00 0
2019 1.34 + 1.24 + 1.11 + 1.18 + 1.00 0
Average 1.49b + 1.37b + 1.35b + 1.27b + 1.00 a 0
(P<0.05) “+ — 0”7
Different lowercase letters represent significant difference (P<0.05). “+, —, 0” indicate that there are positive, negative and no effect of

previous crops on yield increasing in next growing season, respectively.

: , — 2016  LERr 0.88, — -
LERr — 2019  LERr 0.99 0.95 (
, 8 ; - 5),
LERr - — : -
= : 2016 LERr 1.00 ( 5),
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Table 5 Crop rotation land equivalent ratio of cropping patterns

Cropping pattern Year LERr Effect Cropping pattern Year LERr Effect
2016 1.00 0 g 2016 1.72 ++
Continuous cropping potato 2017 1.00 0 Beet— Potato 2017 1.42 ++
2018 1.00 0 2018 1.59 ++
2019 1.00 0 2019 1.06 +—
Average 1.00 a 0 Average 1.45cd +
2016 1.00 0 - 2016 1.50 ++
. . 2017 1.00 0 Forage maize— Faba bean 2017 1.06 +—
Continuous cropping
faba bean 2018 1.00 0 2018 1.13 ++
2019 1.00 0 2019 1.09 +—
Average 1.00 a 0 Average 1.20 abc +
2016 1.00 0 - 2016 1.19 ++
Continuous cropping 2017 1.00 0 Oat—Faba bean 2017 1.20 ++
forage maize 2018 1.00 0 2018 1.43 ++
2019 1.00 0 2019 0.99 +—
Average 1.00 a 0 Average 1.20 abce +
2016 1.00 0 - 2016 1.14 +—
Continuous cropping oat 2017 1.00 0 Beet—Faba bean 2017 1.12 +—
2018 1.00 0 2018 1.11 +—
2019 1.00 0 2019 1.13 ++
Average 1.00 a 0 Average 1.13 ab +
2016 1.00 0 — 2016 1.00 0
Continuous cropping beet 2017 1.00 0 Oat— Forage maize 2017 1.28 +—
2018 1.00 0 2018 1.34 ++
2019 1.00 0 2019 0.95 +—
Average 1.00 a 0 Average 1.14 ab +
- 2016 1.46 +— — 2016 0.88 +—
Faba bean— Potato 2017 1.39 ++ Beet—Forage maize 2017 1.18 +—
2018 1.23 +— 2018 1.29 ++
2019 1.31 ++ 2019 1.03 +—
Average 1.35 be + Average 1.10 ab +
- 2016 1.54 ++ — 2016 1.20 ++
Forage maize— Potato 2017 1.32 ++ Beet—Oat 2017 1.19 ++
2018 1.51 ++ 2018 1.29 ++
2019 1.15 ++ 2019 1.37 ++
Average 1.38 be + Average 1.26 abc +
- 2016 2.16 ++
Oat—Potato 2017 1.6 ++
2018 1.85 ++
2019 1.12 ++
Average 1.68d +
(P <005 “+ — 07
Different lowercase letters represent significant difference (P < 0.05). “+, —, 0” indicate that there are positive, negative and no effect of

rotation crops on system yield increasing, respectively.
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