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Effects of cover crops on water use characteristics in potato
fields of the Longzhong dry farming region, Gansu province
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(1. State Key Laboratory of Arid Land Crop Sciences, Lanzhou, Gansu 730070, China;
2. Agronomy College, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract; A field experiment was conducted in 2023 to identify suitable cover crops and their optimal sowing
periods for potatoes grown in furrows. The experiment included five treatments: sowing Vicia sativa two weeks
before potato planting (PV1), sowing Vicia sativa concurrently with potato planting (PV2), sowing hairy vetch
two weeks before potato planting (PM1) , sowing hairy vetch concurrently with potato planting (PM2) , and a pota-
to monoculture as the control (P ). The study examined the effects of different cover crops and sowing periods on
soil moisture, water consumption, evapotranspiration, potato yield, and water use efficiency in field conditions. The
results indicate that: (1) Each covering treatment increased the soil moisture content of the 0~ 110 cm soil layer in
the field, throughout the growth period especially after potato flowering ( after cutting cover crops) to varying de-
grees compared with the P treatment. The effect of the hairy vetch treatment was better than that of the Vicia sativa
treatment. Moreover, PM1 treatment significantly increased the soil moisture storage in the 0 ~ 110 cm soil layer

during the tuber expansion period, which was 7.78% higher than the P treatment. (2) The covering treatment re-
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duced potatoes’ soil evaporation, E/ET, and water consumption to varying degrees throughout the growth period of
potatoes over P treatment. The PM1 treatment had the best effect on reducing soil evaporation and the E/ET during
the whole growth period of potatoes, significantly lower than the P treatment by 29.64% and 25.66% , respectively
as compared to P treatment. Pre-potato flowering ( the growth period of cover crops) , the transpiration of PM1 treat-
ment was significantly higher than P treatment by 9.67% , but there was no significant difference in water consump-
tion between these two treatments. After cutting cover crops, the water consumption of each covering treatment was
significantly lower than P treatment by 5.85% ~16.64%. (3) The potato yield, commercial potato rate and water
use efficiency of PM1 were significantly higher than other treatments by 8.89% ~35.95%, 17.10% ~49.98% , and
8.87% ~43.75% , respectively. Therefore, sowing hairy vetch in furrows and covering it with cuttings two weeks be-
fore planting potatoes can ensure adequate water supply during the tuber expansion period, optimize water consump-
tion patterns, improve potato yield and water use efficiency, and promote stable, high yields in the arid agricultural
regions of central Gansu.

Keywords; potato; cover crop; farmland water consumption; water consumption structure ; water use efficien-

cy; yield

AR AR O A BREE — R AR R SRR
VEW) , DRHC BLA TR S 5 T 5205 RT3 7 P ) 25
CRC 5 AR AR SR B ) A J TR wfE ) Bl v 5
AR DX FA T, ™ v 55 A 277 X R o
XM AR S LA TR S Blerp 5
AR DX LR ) 2 SRR SR AROE X, IR K AT BR, T
AR KA RN % X T B A ™
1 = IR PR 5 B e K 23 R R8CR R B 12% 1X
THES SRS 7 i B TR R R A
TR R ML G 22 A B R R R X S
BB R RIOK G R I RCR TR B vh Bk X
CHES A I BRI, B R, 2RI
J A FE i) 38K 00 5 R AR e 1 TR B S i, - 0
Ko NGV RE I 035 5 28 A RE 1 1015 T A A4
THES R AR ORISR

o BRFORE B 5 A ) R Ao 15 2 A A
G2 b BRI K i 2 0 R KA 5 () I B i
MCRE A 7Y 9 I B, A AR IR S OK O3 TE AL R
KT AR AR A IR K S AR AR
Groa et RAE SR RE A AR s R AR K
AR DR T8 5 A 0 R A 1 0 8 1 B L
RERpE Y SR SR R R AR R
XU G 3 R R R N AR AR, Gitari
S AR R XI5 A B, 22 (RN ARt AT R T
RS TERZ K I F AR AR T, T Fof A B LS
SLOU AR T S 58 7 i FK 43 R FH AR s X AT fig
Jint S ELA g ) R B i B N Ry s A B D
AR, BEE A AL INE X I IE R W], KR
R ¥ of L 2 5 el A i 3 O A M ek > -
SR Y TCRLZE K, AR S AR K B, DT 42 5 6 oK K

SRR, B 55 VE W 0 1 301 e 08t s X
K5 ERAMED AW, kG & S T RIX D
e B2 0 o R AN [) 7 U o T L F SR R T
6—7 J (HRZEI iU ) PR o7 4 0 ) T 44
7 IR 53R PS03 B P RIOR A A 22 3 1l ™
Ren %' F5E & 8L, A7 10 [ 400 ol 36 B89 9 7 R 405 42
T T B IX B R K 73 A RCR X 5 8 K
SR B EAMT G,

YOG T AN [ 2 5 AR 4 S A ] 5 400 % 30
VER 7 5 TR 53 R 8O 1 52 el © A WF 5T, (B7E D
rh AR DX I A% S AR 7 P R A S AR SO R
v AN B, A )45 55 A 0 TC 6 A ) 98 S0 X 25 % 20K
SR AR AL BB ST A 22 W, PR, A B
FEBERTE B 5 (Vicia sativa L.) B EH T (Vicia
villosa Roth) Yy ERES B4k HH (1 70 2 VR, i i 14 i
ENEEE RO & (/PSR I PURE L H 51
Sy FIFRRAE | 7 S R0 K 43 R R 8038 10 52 L 303
Ve PR SR B F30, JF 4R 0 AR F AL,
Bl b 5 IX B % SR 7 e 7 e RO AR e A A i
G 52 RS B AR Al

IR ik

1.1 iR RHEER

T 2023 AETE H M 4l K2 BAER 255
SEG L (35°28'N, 104°44'E 4R 1 971 m) #H4T 3%
Hu DX AT 8 A R P, R R o T R R R X,
ZAETY-H4 H BRI K 2 476.6 h, KBHEES R 592.9 KJ
cem 2 AEHR 6.4°C, =0°C BUR K 2 933.5C, =
10°C A SFRIR M 2 239.1°C A TCFE 2 140 d; £
ARSI K 391 mm, AEBR AR A K 8 1L 3R



184 TR XA BT

543 4

K, 80% PRIEZ [ /K R 365 mm, AF I TEZE & &
1531 mm, 2857 RECN24.3% , R X AE YRR
J&E R — A — 2, A e R SRR X, 4—
10 H Z 4B K 54 364.0 mm, 2023 4 4—10
HEEKEH 370.7 mm (B 1), J8 /K4 D8 EA
B IAREKE (=5 mm) H 248.9 mm,
1.2 Rt

TRI R AL 3T, 3% 5 AN Ab 3. T8 4k
FIPI AR RS B S (PV) | S48 2 [a] 1135 Fh o5 2
Wi (PV2) | 4 BB AT AR T
(PM1) SR ZERIAREF B T (PM2) B
AR, P) , A0 FEE 3 IREE 4 15 4~/ X,
/NXTEFH 42 m*(6 mx7 m)

P R RPN < B 10 %, F 2023 4 4
H 27 H¥&Fh, 10 H 7 HUER, R 2 Rk, — 2%
W7, F4THE 50 em, #REE 33 om, M2 N 6.0
Ttk - hm™, BEREVE TSR EENE, 5 H
17,470 20 em, 5 5882 AT RIEE N 15 em, F
B EY B AE I A SR AR IR S T 5
AEIBYY, AE PV HI PM1 AL BRE S5 VR HE W, 4%
JINDR XA S 4 A Ak T b 3 I TRk Ak 28 7 P £ T
(BEFE 90 em J5£0.01 mm) , HHZE5E 60 em, 285 20
em, YR58 40 em, #2540 Bt AR PR RF— 3K A 200
kg - hm™, 4@ 150 kg - hm ™ R EIE MR K (&
Rt 46%) , BB AE Jy o BE PR ES ( S . 12%) .
IR B N N ASTE K, N TR R, 45 Ak P LA
W RPRERT AN 1 Fis
1.3 MEmMBMAE
1.3.1 wWR EEAKE TOHRERE MM N
B AEH PRI KT Ve A R R R R
YEPINEN, 45 /NX 3B 0~5.5~10,10~30,30 ~
50.50~80.80~110 cm + )2 +HFE R FME 200 2

0~110 em R+ S KR BUREN B T D8 278
PR A T R A2 v e AL, ] 3K 4 DA ZE
60% FIZE74 40% IACE- A FR

1.3.2 wREREEALE FK/DNXGHLdE—4
PVC 4 A HIMORZE R 3 (7515 em, WEE 11 em) ™
N5 I R ) 2% % i, B H 18 2 00T 4R 28 iy v
e UFUR A F R et JBE )5S, A H 7 R F (FS B 0.01
g) FREE, SR T A A LR T 5 R A SRR
KH 18 : 00 FREE—WK , Tl 2% K v R FE R g
D1 g YT ZEL KAy 0.1051 mm, FF = KHe—Ik
o WG S B  t, FT 2R b e, AR I 2Rk
AEXT T2 VAR HL A /N o] DL Z0m | HH [RI AR () 2% & = &
B 2B A R4S /N X H SRR 28 %
ZB I 5E 78 K AB Y 40% 7

1.3.3 wHEEEKEE5EKE THEIKE
(SWS, mm)ITHEAKXUT .
SWS=10xhxdx0 (1)

%)
S8}
T

71100

-

7

H £ Month
20234 H [# 7K & Daily precipitation in 2023
—e— £ 4E V-3 H 4 /K i Multi-year average monthly precipitation
—m— 20234FE H % 7K it Monthly precipitation in 2023

1 {EXEFEFHARKRKES 2023 F
OHRELEHRKRKE

Fig.1 Multi-year average monthly precipitation and precipitation

o]
=~
T

175

—_
[
T

450

425

o
J1 %7K & Monthly precipitation/mm

H [% 7K & Daily precipitation/mm

0

of potato growth stage in 2023 in the test area
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Table 1  Specific settings and operation time for each treatment
2 BRI B VR A AEYN R L YR
sl BalEY LI Sowing amount Sowing period Cutting period Potato flowering
Variety of .
Treatment Cover crop of cover crops of cover crops of cover crops period
cover crops
" /(kg - hm™?) (y-m=d) (y-m=d) (y-m-d)

P 2023-07-15
o A N =)

PV1 ML =3 225 2023-04-13 2023-07-06 2023-07-15
Vicia sativa Lanjian 3
s =]

PV2 Hi 690 S 225 2023-04-27 2023-07-15 2023-07-15
Vicia sativa Lanjian 3

ENitS) 2 g

PM1 { rHT ij{ﬁx 45 2023-04-13 2023-07-06 2023-07-15

Hairy vetch Tukuman
eI =3

PM2 % tHET LI 45 2023-04-27 2023-07-15 2023-07-15

Hairy vetch Tukuman
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Note : CS1 and CS2 represent the cutting periods of PV1 with PM1 and PV2 with PM2, respectively, while SW, EP, BD, TF, TE,

SA, and MT represent the sowing, emergence, seedling, flowering stage, tuber enlargement, starch accumulation, and maturity periods of

potatoes, respectively. The same below.
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Fig.2  Spatiotemporal distribution of soil moisture in the 0~110 ¢m layer during the

whole growth period of potato under different treatments
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Fig.3 Average soil moisture content in the 0~ 110 cm layer during the whole

growth period of potato under different treatments
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Fig.5 Soil evaporation, crop transpiration and field water consumption during the whole

growth period of potato under different treatments
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Fig.6 E/ET of potato fields during the whole growth period of potato under different treatments
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Table 2 Potato tuber yield and water use efficiency under different treatments

e ﬁ%%?i T i R Ferk i 7K§J\7F'JH§‘§'&%§ ﬁﬁ%fﬁ%i%i
Treatment Tuber yield Commercial potato Water consumption Water use efficiency Biomass of cover crop
/(kg + hm™) rate/ % /mm /(kg - hm™ « mm™") /(kg « hm™2)
p 11120+806¢ 39.37£1.79b 242.58+4.61a 45.81+2.57e
PVl 11515+364¢ 39.44+4.23b 231.21+3.20b 49.80+0.93d 1479.29+53.16ab
pv2 13091+577b 31.51+2.76¢ 235.60+1.80b 55.56+2.24¢ 1494.88+35.56a
PM1 15118+357a 47.26+5.30a 229.55+3.98b 65.85+0.70a 1450.68+42.80ab
PM2 13884+181b 40.36+3.87b 229.52+1.54b 60.49+0.87b 1398.93+55.24b

T : S /NG PRy 7R HAR B A A B 35 25 57 (P<0.05) .

Note ; Different lowercase letters within a column indicate significantly differences between treatments ( P<0.05).
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