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Ecological and Economic Benefits of Potato Rotation: a Case Study
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resources and Environment, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang, Hebei 050051, China;

4. Snow Valley Agricultural Development Co., Ltd., Zhangjiakou, Hebei 076481, China; 5. Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: Potato is one of the important food crops in China, and widely planted in mountainous areas of
Southwest, Northwest, Inner Mongolia Autonomous Region and Northeast. However, as the planting area and planting
investment continue to increase, the potato planting industry has encountered several widespread challenges, such as
increasing difficulty in controlling pests and diseases, declining yields, and decreasing soil health. Rotating potatoes
with different crops are one effective solution to simultaneously address multiple challenges in potato production, which
can not only maintain soil health to a large extent, but also effectively increase potatoes' quality and yield. By using the
method of cost-benefit analysis and the collected literature data of potato monoculture and rotation with other crops, the
ecological and economic benefits of potato rotation with other crops were analyzed. It was found that compared with
continuous cropping, the economic and ecological benefits obtained by potato rotation were 12 571 Yuan/ha more.
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Additionally, through field cases, it was found that under the condition of one crop per annual, three-year potato rotation

was higher than potato two-year rotation in terms of economic and ecological benefits. In two-year potato rotation,

compared with one crop per annual, the potato-rye-oat (PROPRO) three-crops in two years increased economic benefit

by 158.88% and reduced the carbon emissions per unit yield by 24.91%. Meanwhile, it achieved winter surface cover

and reduced soil erosion, so compared with the traditional one crop per annual, three-crops in two years has benefits in

both economic and ecological areas.

Key Words: potato; crop rotation; ecological benefit; economic benefit
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Figure 1 Distributions of literature data sources for comparison of benefits of potato rotation and continuous cropping
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Table 1 Parameters of economic and ecological benefits of potato rotation and continuous cropping

e AERLES Rotation benefit

i [ AL
ltem Unit JEAE Continuous cropping #/E Rotation
) > M 3% [4.5]
i sl e % 57.31(54.30,80.32) 22.40(6.80,38.00)

Incidence rate of pests and diseases

IK A F i8-121

Water use efficiency

kg/mm - hm?

73.22(66.54,81.39)

91.23(88.42,94.23)

. kg/hm? 235.00 146.92(128.84,165.00)
Average annual nitrogen demand &
S i A A e R 16-18]
TR kg/hm? 38.09 28.85(26.89,30.81)
Average annual phosphorus demand
S A AR S B 13.18.10)
FHERAR ) ke/hm? 336.00 205.54(204.00,207.07)
Average annual potassium demand
A f6.1620-22]
A L vield kg/hm? 25263.88(13 579.95,34 469.10) 33 313.48(18 174.95,50 168.00)
verage annual yie
1 5jRl23.241
12)%/%1’.{ orint kg CO,eq/hm? 22 569.90 14 435.92(13 708.43,15 163.41)
arbon footprin
- Hep 7.25.26]
S %1&5‘3??}% b mg/kg 200.80(173.80,249.00) 326.81(191.00,557.00)
oil microbial carbon
- 1 A B 25200
. ffﬂiiﬂf\ ) mefke 55.14(2.43,112.00) 189.08(5.23,507.00)
Soil microbial nitrogen
i“f? /E*‘* B/F [25.27]
gt).f Hﬂt/ﬁ; ,IZ[( ) 10? 1.76(1.58,1.88) 5.75(3.45,9.83)
acteria/fungi
N 7.28]
5 %ﬁjﬂﬁﬁ " g/kg 23.00(21.00,25.00) 25.50(23.00,28.00)
oil organic matter
-8 4 f(121.2829)
REA g/kg 4.15(1.60,8.14) 5.20(1.80,10.80)

Soil total nitrogen

e L0

Soil enzyme activity

mgx107/g 5 mL/g

JOR B 28 : 250.80 mgx10/g
(36.71 mgx107%/g,590.80 mgx107%/
g)

1o AL S G 1 1.69 mL/g

(1.02 ml/g,3.76 mL/g)

Z B EALIFTE P : 25.82 mgx102/g
(2.37 mgx107%/g,70.38 mgXIO’Z/g)

JRTEHE 1 : 280.44 mgx10/g
(37.24 mgx107%/g,681.00 mgx10%/g)

IS 1.69 mL/g
(1.02 ml./g,3.80 mL/g)

Z By ARG : 28.25 mgx10Y/g
(4.10 mgx107%/g,75.38 mgXIO’Z/g)

TE: W B R AR IR BT . B ; KRR SRR DL R e BB LA S B N, SRR E R R - E -
NIRRT A S DR SRk | ML BRI R

Note: Incidence of pests and diseases includes black scurf and verticillium wilt; water use efficiency, potato fertilizer requirement and carbon
footprint data are calculated by using potato—wheat, potato—soybean and potato—soybean—wheat as examples. Calculation of other indicators includes

potato rotation with oats, wheat and peas, etc.
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Table 2 Experimental treatments of different potato rotation patterns

FhAt A Planting pattern 1 H Ttem

Kb FE Treatment

T BT/ N (PWPW)

R -k (POPO)
LR

Two—year rotation

TR E.(PSPS)

T - R M7 (PROPRO)

SRR S 1A, 9 JTH s #0224 ST, 8 JTHeak

TR 5 HRRRl, 9 AWk e T 5 A 3R, 9 A gk

SRR T S A AER, 9 H WS R E T 5 AR, 10 Aok

CHEY T S AR, 9 AW BRAE T 9 A B R, 5 H Wiopi s e
T 6 AR, 10 AR,

TS BT/ NAE K4 (PWOP)

AR

Three—year rotation

Lhih -3 - K5 (POSP)

LT 5 TTRERN, O JTWOHE s /NS T 4 JT 4R A, 8 JT )5
ML T 9 AR, 5 AWk

HERET SRR, 9 W) e T 5 3 R, 9 i K
5 AR, 10 HIGK,

B

Continuous cropping

IS S AE (PPPP)

LS AR AR AR, 55 2 4F AR R .
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Table 3 Rotation planting plan of experimental field
N0 st 14 2t 34 44E
Type of rotation Planting pattern Year one Year two Year three Year four
PWPW R N e A
HAE R A POPO i e BT e
Two—year rotation PSPS Epre, K5 EpreT KT
PROPRO e A ek e MRA A
R PWOP e AN Hed hEE
Three—year rotation POSP e . KT e
IE | ppPP grs s grs g
Continuous cropping
RPEATIBAL FARIFEAT LR R P, BRI T2
1.3.2 ﬁ$%m LI R R fERE g . RN 259t REEDE . MLSTARL
FIEMEA AW R S A SRR B B MARE DB L BRSSP . T RMRITE . B
A (é I A 7= i AR W RS PRI S 20190 A K FRAED B R HL A ELRE B s 104 2R A 4 [
(2019 4E 5k AL L T 3% BARAR I HAE Y - e dlcs S 74 IH L DRI 2% . A BP0 55 o LU B 4 2
AR E) o DR ERAR IR MR A AR M AESAL R A D Y R A A 4, S T Ak R D i R
a B ESOU RS S RO R (s SRS TR B AL

PRI I S TR HE AR LA R DA 2 | IR AL AE Dk 2D
PR RAR AR, R AR B R A
FAES R T IR, G Eh A A A
JEAS R A Eh % A IR L S B h R 25 | i
AR NE J /D UG I S A8 s AR /N A o R AR
W g Bt ok B (A B R it A W g B RHIL i
2019) il b4 ot s HAR e | PR A AR
DA KA W o2 308 5000 49 oF DT STk ARG 38, g
DN A A 30 AR A T 2 B A T e Al T A A
B g s YR e SRR, R A [ b2k
VEY) B 4F I A U 4 LA M A 888048 (R 4) o TEIK
AW s, R BRI 25 B A, AR R
AR A AS CRLAR P 305 ik 55 2 TS5 K A
5 HAZ M RS T, %Eﬂ&$
N AR AR R AR AR S S i Y R AR
BRI By B A A I A %@%?
@%Eﬂﬂﬁ%%ﬁ e, &Ikt
S TR AR Y A WA A DL B AR 28 s, ST

1.4 HiEabiE
A B 5 A Microsoft Excel 2016 3
il

2 #ER G
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Table 4 Raw data of economic benefit indicators for different crops

e Crop
L& WiH LK (VA
Benefit Item Unit R 2 BAE T M N Ke ey
Continuous potato ~ Rotation potato Oats Wheat Soybean Rye
FE kg/hm? 30270 39 869 4125 5760 2340 83235
FE J6/hm? 30 795 40 551 9900 14 085 11955 25 800
JRAR JC/hm? 25770 21093 10 108 16 805 13115 13 085
HE P A JC/hm? 22 420 17 743 6758 13 455 9765 9735
VRS Lhries & u 79l J6/hm? 17 524 12 847 6758 7335 3345 4845
Economic
benefit HESA JC/hm? 15204 10 527 6758 7185 3285 4845
i)z 2% FH JG/hm? 2320 2320 0 150 60 0
NT AR JC/hm? 4896 4896 75 6120 6420 4890
+ A AR JG/hm? 3350 3350 3350 3350 3350 3350
VA JC/hm? 5025 19 458 -283 -2720 -1160 12715
Sy
Ecological ben- Tk A 58 kg CO,eq/hm? 24210 34 830 1568 2880 -120 41 625

efit

TE: AR SR EEUIE A I T 4 AR ™ T AN U 25 BORHL 2 201903110 1 (2019 4 7K AL L b 4% AR AR50 B AR 14085 S i R 2 ), %6
VRSB 7 O AT S8 77 i g B SO A S B8 7 S N 0 LU R, S0 Eh 4% B B R 0 A B % o B T 0B R AR A i 2
PR RAIE D CRe 2 9T . RIS S A RHEREBR D), HEAEM Bk U T (4 AR ™ Sl A i 2 ORI 2 2019)191

Note: Data of continuous cropping potatoes come from Compile of Cost—Benefit Data of Agricultural Products in 2019*! and Summary of Crop Yield,

Benefit and Quality in 2019 Zhangbei County Potato Rotation Project. Yield of rotation potato is obtained by multiplying continuous cropping potato yield

and percentage increase in potato yield obtained above. Direct cost of potato rotation is direct cost of continuous cropping potato minus cost reduction due

to crop rotation (pesticide costs, fertilizer costs and irrigation costs). The other crop data comes from Compile of Cost—Benefit Data of Agricultural Products

in 2019131,

P, DR ERESEFEMES AR, XEKRE
T AR S B R . T AN AR IR R R a3
T A, MRPEERI RE IR 5 5 Fr ik 28 2 h i 1 &
RS Ty A, REAS ML 1 973 J0/hm® 5235 o B
B, Zead B AS ] B 28 5 328 A SRR o
feImAniE &3, feVES Ao HaT 24815 12 571
JG/hm’ [ 28 5% A AR A 80 85 (CHLrp AR S a8 A A B e
WHERRS) -

22 DREBEREEEFUAENESUHEES
SR

AR LB X 56 T B 4% S A A SCRR IR R LA &%
Bl — e ab B, 15 S R SR &
GraR PR S8 g W A IR T (P 2) ¢

TEL R 4R T T, AR R AR S A,
T T R AR R AT A I E R (B 2A) o FE AR 253K
i 7 AR DR . A, AN R/ DL GHGs
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Table 5 Summary of increase in economic and ecological benefits of potato rotation
AR S Rotation benefit RAESEE YT (SC/hm?)
Wi H Ttem Rotation benefit converted into money
AT Unit SEYIMH Average (Yuan/ha)
) s KRR
DR S T : %  60.91(87.48,37.00) 119
Decrease in incidence of pests and diseases
| FH 22 38 T
AaFmERE % 24.60(8.64,41.61) 58
Increase in water use efficiency
o PETRRES
ZVFMAE  Decrease of average annual nitrogen demand % 37.48(29.79,45.17)
Economic
. M2 A e S = =
L %  24.26(19.11,29.40) 4500
Decrease of average annual phosphorus demand
S AR A A R
PR A %  38.83(38.37,39.29)
Decrease of average annual potassium demand
AR b
RN : %  31.86(9.12,48.25) 5921
Increase of average annual yield
% R 2>
Wﬁtﬂm,/ . . % 37.08(36.04,39.26) 1973
Decrease in carbon footprint
LR R .
Increase of soil MBC o 62.75(9.90,123.69)
AR .
Increase of soil MBN 7 242.91(9.80,352.68)
O
LRABUHBNRD % 22670(83.51,437.16)
Increase of bacteria/fungi
A TIEA BT
Ecological v . % 10.87(9.52,12.00)
Improvement of soil organic matter
benefit
i A 41
Rl . . % 24.70(11.11,32.68)
Improvement of soil total nitrogen
JIRAGIEE 11.82(1.44,15.27)
SFE I Lk 1 ;
SRR L % o AL A 0.59(0,1.06)
Increase of soil enzyme activity
Z W EACIHGE 9.41(7.11,73.31)
BES Total benefit JG/hm? - 12571

WAHER R B A, RS AR
B2 (& 2B) .
2.3 RpelHER

X 7 Fp oA AR AT AN W 47 A A, S IR
Yy 22 T 80 a0 48 br I G B WL AR 4, R AR 2 0F

R M S A R LK 6.

MM LSO S RO KB, SR B4t
SR R T 31.86%, H H 2 UA Ak 24
2 WEE 2 L AR IE 9% I AF 0D 4 677 JG/hm® . A
FoH I LIFE M, RIAESEMME, FEE4 ]
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Control of pests and diseases, GHGs emission reduction, nitrogen saving, potassium saving, and phosphorus saving are indicator name of pest and

diseases incidence, carbon footprint, average annual nitrogen demand, average annual potassium demand, and average annual phosphorus demand after

unifying values' direction.

2 DRIRESEENEFUENESHS LR

Figure 2 Comparison of economic and ecological benefits of potato rotation and continuous cropping
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Table 6 Comparison of economic and ecological benefits of different potato planting methods (every four years)
#AE Rotation
L& iH AT - YN AR
i A ] PIAESEAE AR - Continuous cropping
Benefit Item Unit Two—year rotation Three—year rotation Sy PPPP
Average
PWPW POPO PSPS PROPRO PWOP  POSP °
e kg/hm?> 81659 78389 74819 244859 80024 76604 106 059 121 080
] Jt/hm? 99516 91146 95256 142746 95331 93201 102 866 123 180
AR JG/hm? 80473 67079 73093 86549 73776 70086 75 176 103 080
A AR Jt/hm> 67073 53679 59693 73149 60376 56686 61776 89 700
Zus WSS A J0/hm? 45 041 43887 37061 53577 44464 40474 44 084 70 140
Economic
benefit B JG/hm? 40 101 39247 32301 48937 39674 35774 39339 60 840
142 2% JC/hm? 4940 4 640 4760 4640 4790 4700 4745 9300
N T A JG/hm? 22032 9942 22632 19722 15987 16287 17767 19 560
+ AR JG/hm? 13 400 13400 13400 13400 13400 13400 13 400 13 380
A JG/hm? 19 043 23917 22163 56197 21480 23040 27 640 20 100
il 42 8 B A JG/hm? 15312 14 692 13894 34364 15002 14293 17 926 22 883
MR
Ecological A= %25 B JG/hm? 7571 8191 8989 -11481 7881 8590 4957 -
benefit
LEARLEE Jt/hm? 26614 32108 31152 44716 29361 31630 32597 20 100

T DA ESR AR B ROEL A 2 PO [ R B i . A TR PR B R IR L% 4.

Note: Values of the above indicators describe benefits of different planting patterns over four years. Data sources of each indicator can be seen in

table 4.

A% 3 124 (1 629~6 154) JG/hm’ i 28 T A1 AR 25 (Y
AT ) R 2R o TR R A AR
BAERI AL 38.33%, I HHTCIENAETFREE KA
M NAE SR KB IRA LA L, AR5 R
5025 y0/hm?, AT A ER AR 8 149 yi/hm?,
1A H 61.66%, I H ARk il A & &,
5721 JG/hm*, B E AR S AR AR (OF- 1 4 482 J0/hm?)
5 27.64%

AR ER AT g, Horp, W —
AE—PERI ) AR AR E A L, i

JETE 2 TF R 25 0 AR SRR 0 T A L B A R
@%%fﬁ@%@&ﬁ*mAmmmoﬁﬂﬁi
SRR, & B AE R R A AR e A S
Y1k 7 583 JG/hm?, A FE AR AR i R S 2 R S
565 JG/hm®, WO AE B8 VR AR R B AR R AR S
36.26% . A He A AF B L 18 BUAS Ty 4 891 JG/hm”,
M = AR RS AR AR L 38 AR O 3 670 J0/hm*, = AR48
VERR 2 78 A L AR AR IR 24.96% . X 2 R oy B,
SRS AVERE R P 4E =R e — A —VE & T3
RAPL T 158.88%, (H & Ky &2 Rl s B 14 m
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VEY A A TR A B HE SO BT 1 I (134.84% ), AN
b, EE AR O A ok T VEY AR G T
PN BB HE AR T 24.91%
309 #®
BARXTHEEMLREMGHMREBEL,
AR ZE A RAS R F LR AE A S, &
B PR $8 bR A A ORI R T L3 BRAb M T . 1B
Pk Ao a0l R T A g R R AR SRR,
SEHAET A L B BRI BEARR
P& LA KK 4y R 28 88 5 A5 7 T . A R AR AR A
EPEIL T R X R S5 e h, @l 58 E
FRFEEYRES, LEpPHH BT, L85
AT BARA . AR R R E N, HoAd
PSR A . BRI B E R, RS
IR B R . R0 S T 5 XK
WL RN, RAFBGEEA I E RN T LA
MR TE, IFHERS SR E - REE
FIEAAG . Wright 5775 V8 =2 B8 g 2= (i 30 Hh &
PR Th Y 25 VR A AR B A LT b A R
T 12%, R EGEET 1%, AT, D ER
YEES AT R T 58 AR, &uriks
o HULR e, &R ok i A SR R AN T 2
M, FEAE BRIT WA (R AR U 55 2 B T,
HH) BB 8% 38 o 2o 3 1 e fdt IR B0 i i oK L B S
A J A 8 AP, A 3 R R i vl 25 . AL
ARSI, SHREML, D8 ER
A B DI 34 o B A B0 A Al A2 38 AR AU R - SR AU E W
FESRTE 518, BEA E KB AL SR IR E R
R D HE B PR A8 STk R A e, RefES R
YRR H AT 23845 12 571 J0/hm® B9 28 55 FIA 255425
TEFPIILE TR X, DR ERIERER K
FERE T A HLR R R A S R S B
SRR LUR I, MR E EAR SR T NLEA R
£, 7E B P A0 X DY S RS H Al e,
HEE R AR K 38.34% . B —4E—A1E&MFTF
AR EEVERE AT LB, BB T 4% 5 — AR A
(—4F—AE) TCie R AE 4 5 80 25 1 2 AR A R0 28y T
# L AR AR A (— 4 —1E) M. EARTEEM
&, EMWERAER T, T8 - Rk

(PROPRO) iX FH G 4F = Z iy fe fERE X, T REWS
o R A ZE PR BT ], 5 () R R AR A R AR 5K
) — 4 —AFEAME, LU 4 & T 158.88%, i
SRAE A B TR ) B HE BSCAT T 3 in (134.84% ), {H
S TR R B Al o TAEW AR B RG m, BR
BL 7= BB HERCRAR T 24.91%, [FF T4 2+
BEE S, Wb T R RK S TRGE R, RIER S
A SRS AT DA T, P & — R & ok 5
A S RURAE AR ) AR AR

AR AW 7Y 8 o A SCER IR E R T £
P 0 A AE S AL AR FE An AL SR VE AL 2, B2
F B A 05T R BRI, A A B 48 AR5
W, W F SR . R R M,
TRER T e ) | B B = 1 oy R | N O R B
R ts SR, AnFe VRS AURT DL 2o ek > + 5
I 43 0 R i ROK AR & SR AR B T, T
DL/ A B g A Rl PR FR R

il FREMT, 3 A 2N A bR Y A A AR S R BRI
AR, 8 T IR PR B n) AT 7 AR i BB

WA EAEBUA B SR E R ARSI SR, B
AN X A5 bR 1 E M A, HORARAD A AR
X EE AR bR B AL M, RO AR AR R R R
HHSCAS AR AR B S FR 1 TR I A R SR 1 AR S BIF 5
T, RSN BN aE OG TR LR R SRR
Kt KR E E IR AR A AR AR A 1R bR A A
(45 & 20 Hr . DA A R 26 i AR 119 T80 3% i ok
(4 FH 30 BB 35 1m) TP 7 A 8 AR i b, DT
BT LV A N RS AR R A AR BEAT PR Y o
T34k, Jeie & T Ja] g OE e SCRR SR A B
T % AR = AR 55 2 2 e AR Oy 20T LUTE $2 0
AR AR A TR B o A AR L PR OK R
S5 T AR TE AR A g, (HH BTN T B EZ
Bl e VR R BRR W T AR W D JE R A AL 7
Mo lX, DU AE A R R ST A R, N i B
2R RAE TS, TR T AR A2 T 2R
AR WA AT 30, O B AR L R R R
P ARSI

LRIk, SRR AR LU B R
PNA . PR AT, [ ik BRI £ 1] 42 A4 [
A T b (g R T | AR A ER I e T 2 A
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