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Effect of Different Planting Patterns on Yield and Water Use Efficiency of
Potato Under Film Mulching in Semi-arid Area
HE Wanchun, TAN Weijun, WANG Juan, HUANG Kai*, HE Xiaogian, HAN Jingren, ZHANG Juanning

( Dingxi Academy of Agricultural Sciences, Dingxi, Gansu 743000, China )

Abstract: A field trial was conducted under the same fertilization conditions using 'Longshu 10" as planting materials to
study the effects of different planting patterns and planting densities on potato growth in order to determine the high yield and
high efficiency planting mode suitable for central Gansu Province under arid and semi-arid conditions. Different planting
patterns had no significant effects on potato emergence, soil and plant analyzer development (SPAD) value, and canopy
temperature. Under the same planting patterns, the leaf area index (LAI) and tuber number were higher in 5 000 plants/667m?
than those of 4 000 plants/667m?, but the water use efficiency, aboveground and fresh root weight, and tuber yield at the
stages of flowering, tuber bulking and maturity was found less in case of 4 000 plants/667m? Under the condition of the same
density but different planting patterns, LAI, aboveground and fresh root weight, tuber yield and water use efficiency decreased
as the ridge width increased and furrows decreased. The tuber yield and marketable tuber percentage was higher in case
of 4 000 plants/667m?, 50 cm ridge wide and 50 cm furrow, and mini groove planting. Therefore, the mini groove planting on
the ridge, 4 000 plants/667m?, and 50 cm ridge wide and 50 cm furrow might be the best planting mode for high yield and high
efficiency of potato in arid and semi-arid conditions in central Gansu Province.
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1.1 R XHER

R RAEH T L EXENH RSB ES
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Table 1 Meteorological data during experimentation in 2017

WiH J1 Month
liem 5 6 7 8 9
ST (°C) Average temperature 13.7 18.8 21.0 21.9 15.2
F&FN 5 (mm) Rainfall 74.5 27.4 51.2 19.3 18.0
F2 ik HiEEAER
Table 2 Physicochemical property of tested soil
- HHUE (g/ke) 2H (g/ke) kR A (me/kg) SR (mg/kg) LA (mg/kg)
P Organic matter Total N Available N Available P Available K
7.8 18.7 0.9 86.2 23.3 212.6
1.2 #ifm#h 46%) . 1LBEIES (P05 12% ) A R A (K0 50%) o
I F R P10 57, iR AElTA R EHE RS,

SR A BRI L
1.3 iRIEigt

R AE20174E5 A 1 HER, 10 A1 H Ik
Ko BB IWEL, RHMALXAHES], /NX
AL 5.5 m X 10 m = 55 m*, #E R4 A % 1 it 218
(N)4 kg/667m?, HBEAE(P,05)8 kg/667m*, #HHE(K,0)
5 kg/667m’, FEHE E IR AL TIE i AU 6 kg/667m’,
T L A48T 5 (N:P:K = 18:18:18) . JRZE (N

14 HRRESHH

TES R EAFME, 720 T (7T H 20
H) . Se2EB (8 24 H ) FEMA (9 124 H)
BC3WRHE, BR/NX AR TRE, Hedbh B3, ARANIHEE
53 PR fif
1.5 PAENEmE
1.5.1 A FHGAEERIBIFITH

T () L2 10 0 % P R RS A
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Table 3 Experiment treatment

Jb3 AR AR W (BR/667m?)
Treatment Planting pattern Density (plant/667m’)
Tl A T 2B A (60 cm ZEBE, 40 cm ZE7H) 4000
2 SRR 22 FRGAFIE (50 em 2258, 50 cm ZE74)) 4000
T3 LB AR (60 em 2258, 40 em ZE74)) 4000
T4 AR R 22 FRGAFI (70 em 2258, 30 cm ZE74)) 4000
15 S 35 2B VR (60 em 2258, 40 em ZE74)) 5000
T6 SR RG22 AR (50 em 2858, 50 em ZE74) 5 000
17 S 28 FAAARE (60 cm ZB9E, 40 cm ZE7) 5000
T8 S T2 A FIME (70 em 2258, 30 em Z214) 5000

B ZE 0 R A Ko g 3 15 4% 2 T AR R B (LAT) |
SPAD, TEAAF WA/ ICT BRI E B % 5t |
PRFIRL G | FARRERZERL . HURRERCEER

LR (%) = /NI E B /N X
LhES T L % 100

A F B R AR 28 (Leaf area index, LAT) M
TR EUY (ECA-GGOS, Jbatti BERRHEATRR A )
Il %€ , SPAD (Soil and plant analyzer development,
SPAD){H JHSPADAY(SPAD-520Plus, I14:fH3EHF
PHEA PR EDIRE o
152 XEEAKETHMT

I FPRE TR 00 R SR T . G BRAE T 0 (R
PR K)o W3R S 13 0~300 em 135 5 K
e, IR AETE 105 CHEFE Bt 6~8 h 2 1H T AR
&, UK FIHBCER(WUE) .

IK 43 R AR (WUE) (kg/hm’ * mm) = Y/ETa,
Y N R R i (kg/hm®), ETa 44 & W FRzE
6

TIEE G KE (%) = (HIERE - HIET
)/ LT x 100

AMHE S (mm) : VEP)AE B AR SEHE LAY K

PR R (ETa, mm) = $EA7 IR KE +
BERHE + HNERE — WUR EHEPOK

oK (mm) = BESKEE x RHEAYE x 13
JZJEEE (mm)
153 FEARHERGNE

WSOPR I 7 ARAE 147 T8 B 2K i IR

BR, WANLImXx10m=11m’,
SRR (%) = /NXR T 100 g P £/
/NXHZE BLEE % 100
1.6 HEALIE
T2 6 B HE 51 FH Excel 2010 #E4T 484110 44, IF:
{8 SPSS 19 X 45 4b PR HEA T 7 22 53 B Aldpe /N i
W ZELEARE (LSR L) .

2 HEREGARM

21 AEAEXSHEE HEE A KM

RARGRER R MBI . XK
B R Er Y A S R E L (LAT) . ISR
R (SPAD) LUK GEZ . hR4 LB H,
AN TR] B R 55 A 0T B % 8 T R S S
[FIAE, XPRAE A . B KA A s it 4 2
T 5 (SPAD) FIeE 2R A g s s 7E W] —
Tl i A A 2T %5 B 20 5 000 BE/667m? &b B3 (1% - i A1
T8 8025 AR B W R T % 8 4 000 $R/667m’ b
B, MAER—2EFEZ 6], 4 000 Fk/667m? () T2 b H
T AR B (LAD) K FHAbALFE, 5 000 #E/667m* (1)
T6 Ab # - AR B (LAT) R F Hoftab ¥, ol
Bifi 4 28 5 1) 7% 5 RN 28 1 R AR 78 i T AR 25 (LAT) Fifi
ZAEING
22 AEAEXNDRELSESHM FHRESE
oAl

2 5 RN A Ab 3G B A A5 A i b R
HEE TR A0, hA% i b RN AR fif S AR B
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L PR M R SRS IR R, AR
TIAR BT KA, 7RSI . BB IR
MMBEEE Sk 4 000 BE/66Tm®, T2 ZbFR M | 3 FiAR fif 25
T, TS R 5 000 £k/667Tm?, T6 b Fh |35
PR T 0 = 5 B[R] — R T, — ok it

4 000 Fk/667m? i) A 4b_ 5 i i AR ff 8L v T
5 000 Fk/667m* AL, (HIGIE%E A 4 000 #4/667m’
L JE 5 000 ¥E/667m’, [N 28 FRUIAFAERS, FEE
JEGE AL TN B AR A, M b R AR i AR
W/

x4 ARLENDGREHEEMARAEETHLAL SPAD, BRIEERZMN
Table 4 Effects of different treatments on potato emergence rates and LAI, SPAD and

canopy temperature at different growing stages

AL LN A
e —— Flowering Tuber bulking Maturity
Treatment  Emergence rate L - “EELH - SEELE FE (o

T1 85.96 a 094c¢ 59.02a 2441 a 1.06 ¢ 58.64a 2643 a 0.82¢ 54.13a 13.23 a
T2 87.68 a 1.26b 5943 a 23.71 a 1.38b 60.13a 26.54 a 1.54a 5531a 13.05 a
T3 86.67 a 1.16b  61.01a 26.75 a 1.28b  60.56 a 27.89 a 1.14b 56.04 a 13.65 a
T4 88.99 a 0.73d  59.35a 2329 a 0.85d 59.89a 25.61 a 0.61d 5533a 12.34 a
TS 85.61 a 1.03¢  60.72a 25.94 a 1.15¢ 61.24a 26.72 a 091 ¢ 54.47a 13.35a
T6 85.04 a 1.74a 5633 a 26.69 a 1.86a 58.36a 27.16 a 1.62a 53.22a 12.56 a
T7 88.62 a 1.21b 5754 a 24.33 a 1.33b 59.13a 26.13 a 1.20b 5473 a 13.11a
T8 86.50 a 1.0lc 5641a 23.39 a 1.13¢ 583la 2546 a 0.89¢ 53.18a 13.54 a

TE: RPN 3R RPFIIME,  [FFIAR ) 7 B 7R ) A & I AN [ A HR ) 22 504 0.05 K. Tl

Note: Data are means over three replicates, and values within the same column followed by different letter(s) are significantly different at 0.05 level.

The same below.

RS ARAEMDHRESEFHM EBANREFH T

Table 5 Effects of different treatments on aboveground and root fresh weights at different growing stages

i 3BT (g/plant) Aboveground fresh weight M T (g¢/plant) Root fresh weight

Qb3
Treatment REAEH] P EN N ] A BEAEH] P EN N | A
Flowering Tuber bulking Maturity Flowering Tuber bulking Maturity
T1 65333 b 710.85 c 650.33 ab 46.67a 6033 b 60.00 a
) 803.33 a 890.25 a 710.67 a 48.67a 70.67 a 6333 a
3 78333 a 830.33 ab 670.67 a 46.67a 60.33b 49.67 ¢
T4 633.33 b 710.66 c 620.33 b 30.00 56.33 be 50.00 he
5 520.00 d 71433 ¢ 610.00 b 30.00 6033 b 4333 ¢
6 666.67 b 792.67 b 680.33 a 4033 b 60.67 b 52.67h
7 603.33 ¢ 770.67 b 490.33 ¢ 40.00 b 55.67 be 5333 b
T8 586.67 c 660.67 450.67 c 30.00 5033 c 46.67 ¢
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MO LIEH, WAL T IR 4
BoAE XGRS o\ e ST ST ) | P o v 70 N
R A, Y% R 4 000 BR/667m’ I,
T2 b3 Hy B S e 2R o s T A AL, Y
5000 £R/667m? i, T6 4b BH Th 44 2 He 28 5 i+ M
fhabER . B B, T2 AbHR ThAR B 2R S AR A
Hhhers, TR, 5TL. T3, T4, TS5, T6. T7Hl
T8 AHEL, T2 Ab 3 He 25 73l 55 6.90% . 11.51% .
13.07% ., 25.79% . 9.87%. 25.84%F141.75%; 1E[A]
— RN, 5 000 k/667m? 4 B He 22404
TRKF 4 000 BR/667m* 40 HE , {HEZLTAI/NF4 000
PRI667Tm* AL FE . JCi8 %% BE 4 5 000 #R/667m’ ik i
4 000 BR/667Tm B}, [FIoh 28 IRy, BEfE 2258
AR GERZEI AR 78, PR AW/, TE&ET

IR 50 cm ZETEFNS0 em 2BV B ZE T R
24 AEAENDHREFEMEME XN
e 7 2 AN Ak BT E 44 2 R R il 2B R 1Y 5
M, FHZRTATLIE H, T2AbH ™ Efem, S5TL, T3,
T4, T5. T6. T7 Fl T8 A kb, 43 % & 13.01% .
19.11% . 24.25% . 5.60% . 2.82% . 13.39% #l
16.67%; T bR T2 00 i m, 5T, T3,
T4, TS5, T6. T7FIT8 A, 47l 18.43, 8.72.
1240, 6.49, 8.12, 9.51 931 NEH A, g%
£ K 5 000 BR/667m b 2 4 000 #/667m?, [7] Jy 28 |
TR R, Bl 28 58 10 A8 T8 A1 28V 1) AR 78 77 1 e
I, M4 000 BR/66Tm I}, [l 2258 (175 S Al
ZEVR AR AE T dn R R 2 FRAIG, (AR T 22 ia
ALY AR A 885 TS5 B 5 000 BR/66Tm I,
AR 28 AR AP A I T 2BV FhAE
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Table 6 Effects of different treatments on tuber numbers and tuber weights at different growing stages

FARRERZE%L (No.) Tuber number per plant

BRI ( ¢) Tuber weight per plant

b
Trifem BRAEHA ey ] AR AL IPES iy AR
Flowering Tuber bulking Maturity Flowering Tuber bulking Maturity
T1 4.33b 7.66 a 7.80 b 120.00 b 340.00 b 730.80 ab
T2 4.00 b 733 a 7.80 b 160.00 a 410.00 a 781.20 a
T3 433 b 6.33b 8.00 ab 143.33 a 316.67 be 700.55 b
T4 3.00 ¢ 6.33 b 7.80 b 83.33 ¢ 290.00 ¢ 690.90 b
T5 433 b 7.67 a 8.20 a 63.33d 313.34 be 621.00 ¢
T6 433D 7.66 a 8.80 a 83.66 ¢ 390.00 a 711.05 ab
T7 6.00 a 7.00 a 7.60 b 60.00 d 296.66 ¢ 620.80 ¢
T8 3.00 ¢ 8.60 a 9.00 a 46.67 d 280.00 ¢ 551.10d
RT TEEXNDREFENZIN
Table 7 Effects of different treatments on tuber yields
il 7t (kg/667m’) P (%)
Treatment Yield Marketable tuber percentage
T1 2421 be 63.21 ¢
T2 2736 a 81.64 a
T3 2297 ed 72.92 b
T4 2202d 69.24 b
TS 2591 ab 75.15 ab
T6 2661 a 73.52b
T7 2413 be 72.13 b
T8 2 345 ed 72.33 b
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Table 8 Effect of different treatments on water use efficiency
e ‘?ﬁﬁ"ﬁmiﬂ(%(mm) ‘ l'li}ﬁﬂiﬂ(%(mm) ?F?@%('m.m) ' BT () 2B () KGRI HRCE
Treatment Soil water st()ljage before Soil water slor.age after Supplement irrigation Rainfall T (kg/hm’+mm)
planting harvesting amount WUE (kg/ha*mm)
T1 614.13 586.57 a 200 190.4 417.96 ¢ 86.88 a
T2 614.13 540.61 ab 200 190.4 463.92 be 88.46 a
T3 614.13 578.58 a 200 190.4 425.94 ¢ 80.89 ab
T4 614.13 553.78 a 200 190.4 450.74 ¢ 75.28 b
TS 614.13 52426 b 200 190.4 480.27 ab 80.92 ab
T6 614.13 564.06 a 200 190.4 440.46 ¢ 87.21 a
T7 614.13 526.79 b 200 190.4 477.73 ab 75.76 b
T8 614.13 477.04 b 200 190.4 527.49 a 74.21b

2.5 AESEXT KT AR

M BAILIEH, AFILEIEXT K 53R AL
A WEL, T2HK R HRCR R, STL.
T3, T4, TS5, T6. T7 MIT8 # b, 435w 1.82% .
9.36% . 17.51% . 9.32% . 1.43% . 16.76% H
19.20%. SRR, FER—FEBSET, 4000
PRI667Tm* Zb i 7K 43 F1) FH 850% & F 5 000 #E/667m’
ALBRR K A FIRRCE, 2 B BT #1502 50 em 2898
F150 cm ZE 8 B 7K 43 1) FH A8 e e
39 @

R0 E Fed: Kot B8 P U SRk
HAETEE FR AR BOE gt i vkiR , A fefe
AEFA AR B BOE B 58 2 09 T B T AT B K Y
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TR RO E Rz —, PR ek
AT DL 255 FOKRFEA ™ 3, AR 45 R AR W
FEAR A A RRE B S 25 1T, H 8 S i T B 4K
(LAD)5 000 #£/667m’ 4b B % K F 4 000 #4/667m” Ak
PR, T E AR AIAR f5 5 /N T 4 000 #R/667m® 2 FE
AR BE % 28 T8 1) A% T A1 28 18 () AR A2 T/, R
B, MWPERERBE, T2 40P 5= AR SR
=, U R M TH RS £ (LAD B, b fif
o OARERE R R R AT BREFE 2B 9E 50 em
FZE78 50 em PS50 T A R T 5 85 48 5 )2 0] 1) 38

SRMOCREMIRI, 2B AT . 28I AR I 28
W WIAT A A B, BDARI A, A
FIFEREM A A, T 52 ) 4% 28 7 5 1 B i,
X5 BRSO BRI R A5 RARL, (iR
E—2 Y

HHFFEFEH ORI R A OE P 1 A
Kistna WaEwm, R R LN, ME%E
BRI, HREEE AW, TR E
45 000 #¥k/667m* if & 4 000 ££/667m?, [F] H 78 F
A FIAE S, Bl 28 90 A8 T M 2B AR %5, B
SR BN, KR SCE™ R R A R
L. FTRERM FEWARZER, SSECERasmMFE
53, s SR AERK AR 4 00044/667m’
ALERR 7K 3 FRCE R T 5 000 #E/667m Ab LY 7K
SARIARCE, HAEMFSENFET, 220
FIHE (50 em ZE%E . 50 em ZE¥4) ) I} 19 7K 40 ) F &6
o T 2B I PR S K o R AR, HBJE 50 em ZE
FLF 50 em 22 B K o3 R SR By, X 2247
TSR s R —20, LRI, 50 cm ZE 55N
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