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Optimal combination of potassium fertilizer and drip irrigation for potato
production based on entropy weight method and TOPSIS analysis

SUN Xin!, ZHANG Fu-cang", YANG Ling', ZHANG Shao-hui’, WANG Hai-dong', QIANG Sheng-cai'?, GUO Jin-jin'
( I Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Northwest
A&F University / Institute of Water-Saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxi
712100, China; 2 College of Urban and Rural Construction, Shanxi Agricultural University, Taigu, Shanxi 030800, China )

Abstract: [ Objective ] To explore the combination of water and potassium for optimized yield, quality, and
production efficiency of potato under drip fertigation conditions in northern Shaanxi Province. [ Methods ] Field
experiments were conducted to study the responses of potato growth, yield and quality to different types of
potassium fertilizer and irrigation amount in Yulin, northern Shaanxi. ‘Qingshu No. 9’ was used as the test
material. The three irrigation levels were 60%, 80%, and 100% of the crop water requirement (W1, 60% ET,,
198.4 mm; W2, 80% ET,, 246.2 mm; W3, 100% ET,, 294 mm). The four K fertilizer treatments were - no K
fertilizer control (K0), KCI, K,SO, and KNO,. The water use efficiency (WUE) and partial fertilizer productivity
(PFP) were calculated. [ Results ] The K fertilizer type, irrigation level and their interaction significantly
affected potato yield and qualities, WUE and PFP. Under the same K fertilizer, the yield, starch content and net
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income of W3 treatment were 19.8%, 3.8%, 33.9% higher than W1, and 8.1%, 1.6% and 15.8% higher than W2
treatment, respectively. K fertilizer had different yield increasing effect under different irrigation amount. At W1,
the dry matter accumulation and yield of KCl were significantly lower than those of K,SO, and KNO,. At W2 and
W3, the dry matter accumulation, total and marketable yield, and net income of KNO, were significantly higher
than those of KCI and K,SO,, while the latter two had no significant difference. Considering the irrigation x
fertilizer interaction, the yield of W3+KNO, was 9.2%—55.0% higher than other treatment combination.
W3+K,SO, had the highest starch and the lowest reducing sugar content. W3+KCl elicited the largest production
to investment ratio, while W1+KNO, had the highest WUE. Based on entropy weight method and TOPSIS
analysis, the comprehensive effect was in order of W3+KNO,>W3+KCI>W2+KNO,>W3+K,SO,>W2+K,S0,>
W3K0>W2+KCI>WI1+KNO,>W1+K,SO,>W1+ KCI>W2K0>W1KO0. [ Conclusions ] According to entropy
weight method and TOPSIS, the optimum combination for high yield, quality and efficiency of potato in sandy

soil is KNO, with 100% of potato water requirement in northern Shaanxi Province.

Key words: potato; irrigation amount; potassium fertilizer type; yield; quality; economic benefits
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Fig. 1 Management of irrigation and fertilizer application during the potato growing season
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Fig. 2 Leaf area index of potato under different combination of potassium fertilizer type and drip irrigation amount
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Fig. 3 Dry matter accumulation of potatoes under different combination of potassium fertilizer type
and drip irrigation amount
e KO—AHEATAL; W1—JE/K & 198.4 mm; W2—E /K 246.2 mm; W3—E/KE 294 mm. H AR FREFR R AL B[R 22 5 B3 (P <
0.05).
Note: KO—No potassium fertilization; W1—Irrigation amount 198.4 mm; W2—Irrigation amount 246.2 mm; W3—Irrigation amount 294

mm. Different letters above the bars indicate significant difference among treatments (P < 0.05).
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Table 1 Potato yield and its components under different combination of potassium fertilizer type and drip irrigation amount

e P bR R [HLGE S KL
WEBEAT: HIE , ) - . .
L . Yield Tuber weight Commodity potato weight Large tuber weight
Irrigation level K fertilizer type
(t/hm?) (g/plant) (g/plant) (g/plant)
W1 KO 39.85f 874.98 h 632.04 g 395.58j
(198.4 mm) .
KCl 45.68 ¢ 102590 g 804.95 £ 480.101
K,SO, 47.57d 1173.16 ¢ 932.28 de 559.51 gh
KNO, 49.31d 1207.80 e 966.98 d 604.06 fg
w2 KO 4535¢ 1081.32 f 882.10 ¢ 529.80 hi
(246.2 mm)
KCl1 49.32d 1286.32d 1102.81 ¢ 675.22 de
K,SO, 51.89¢ 132344 cd 1094.97 ¢ 636.73 ef
KNO, 55.44b 1358.17 ¢ 1204.18 b 722.69 cd
W3 KO 51.57 ¢ 1299.68 d 1075.17 ¢ 665.02 ¢
(294 mm)
KCl 56.56 b 141081 b 1252.02 b 787.40 b
K,SO, 54.99b 1412.44 b 123424 b 738.41 be
KNO, 61.76 a 1526.60 a 1367.56 a 889.60 a
I MRS Significance test
/K- Trrigation level (W) ok ok ok *k
FPAEFRE K fertilizer type (K) ok ok ok ok
Wx K ok sk * *

TE: RMEARIEET R TT5HI50 gl B, [FIFIEURE A R/NG F R FR A E 22 57 B 3# (P<0.05), *—P <0.05; **—P < 0.01.

Note: Commodity potato and large tuber are those >75 g and 150 g potato. Values followed by different letters in a column indicate significant

difference among treatments (P < 0.05). *—P <0.05; **—P < 0.01.
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Fig. 4 WUE and PFP of potato under different combination of potassium fertilizer type and drip irrigation amount
T WK 198.4 mm; W2—JH/KCRE 246.2 mm; W3—HKEE 204 mm., A 1A P REROR AR BRI 2E 57 123 (P < 0.05).

Note: W1—Irrigation amount 198.4 mm; W2—Irrigation amount 246.2 mm; W3—Irrigation amount 294 mm. Different letters above the bars

indicate significant difference among treatments (P < 0.05).
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Fig. 5 Tuber quality of potato under different combination of potassium fertilizer type and drip irrigation amount
e WI—#/K 5 198.4 mm; W2—# /K 5 246.2 mm; W3—# /K5 294 mm, FE 1 RRFREFORA B 22 5 83 (P <0.05).

Note: W1— Irrigation amount 198.4 mm; W2—Irrigation amount 246.2 mm; W3—Irrigation amount 294 mm. Different letters above the bars

indicate significant difference among treatments (P < 0.05).
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Table 2 Economic benefits of potato under different potassium fertilizers and drip irrigation amount
e e A Input (yuan/hm?) Holkas Gl PEA L
WK
Potassium ; : 24 4 Income Net income Input/
Irrigation level St Kk FEIEBA B i i pu
fertilizer Water fee Fertilizer input Total input (yuan/hm?) (yuan/hm?) output
Wil KO 793.6 1255 14049 39847 f 25798 i 2.84 f
(198.4 mm)
KCl 793.6 2290 15084 45681 ¢ 30597 h 3.03¢
K,SO, 793.6 3145 15939 47569 d 31631 gh 298¢
KNO, 793.6 3728 16522 49319d 32798 fg 299¢
W2 KO 984.8 1255 14240 45347 ¢ 31107 gh 3.18d
(246.2 mm)
KCl 984.8 2290 15275 49319d 34044 ef 3.23cd
K,SO, 984.8 3145 16130 51889 ¢ 35759 de 3.22cd
KNO, 984.8 3728 16713 55444 b 38732 ¢ 3.32bc
W3 KO 1176 1255 14431 51569 ¢ 37138 cd 357a
(294 mm)
KCl 1176 2290 15466 56556 b 41089 b 3.66a
K,SO, 1176 3145 16321 54986 b 38665 ¢ 337b
KNO, 1176 3728 16904 61764 a 44860 a 3.65a

I BBAGRA TS (BRZ . Fy . AT RS, T 12000 J0/hm?), KIEFMLIEEA , FKAL 3% A B A 11
B, DRI 1.0 ok 1HE, dliai=Rai- S FFVEHRE ARG T RER AL A 22 5 3 (P < 0.05).

Note: The total input includes labor costs (including pesticides, seeds, labor and drip irrigation equipment, amounts to 12000 yuan/hm?), water fee and

fertilizer input. Water and fertilizer costs are calculated according to local prices. The potato is calculated according to the market price of 1.0

yuan/kg. Net revenue = total revenue — total input. Values followed by different letters in a column indicate significant difference among treatments

(P <0.05).

2.84, WEMTHAMARE, 7EH RS EAIER, Fli
T A S BERE K S 3 S i, W3 AbEESE-2y
HrlER EE W1, W2 5300l 55 33.9% . 15.8%. [Al—7K4)
ACERE, AR R E ISR, W3 KRR, KNO,
b B i AR 43 ) 2 = T KCL ORI K, SO, b 3
9.2% F1 16.0%.
2.7 ETFHBBCE TOPSIS HI7KSBEIRMIL

VEY & 7= M B8 s R A RGBSR 1 B AR, o
EE TR, 5 WUE 2T 520K G R = 2Op]
FHRIRZ G o % S8 1) 30 T 5 4 5 s [ % D) A
K, DR EEIE JRE S R IR A S At . T
i B AR [, A% PFP, AR BESY DL/ XK 3
12 M FC AT RS, DL E B R (X)) . R
) TR TR (X)), RS = AR (X)) .
WUE (X;) FF U ES (X;) 6 A H8hn i s R A0 4, oF
ATIH— L AL B, 38 A1 2 S FR AR AR,
I Je i TOPSIS 1315 2] & A BAR 57 S W3+
KNO,>W3+KCI>W2+KNO,>W3+K,SO,>W2+K,SO,>
W3K0>W2+KCI>W1+KNO,>W1+K,SO,>W1+KCI>

W2K0>WI1KO (5% 3), MK A W3 K, i HAH
FRAN I 2% H Artedd:

3 ihie

TR B R A YD S T R A S R
PEMIE A VEY) TP R B R A= AT I AT
IS5 49 7K 23 Fp 30 92 B S 9 % A A A v i AR
AR, ELBEAE e I 18] S RSN I EE Y, A
I AN RV K X B A i AR R TR R
B P R (P<0.01), ST8bRYTRIE K H Y
SR, B E R AR B TR R AR R, X
S HETABE S —E A ERE RS e st 25 i AR
RN A R UL AR SR RS, B PR R s
14 i R T 3 Tk B3 00 BFTE R, AN TR AL X
YEP = A —E R HTIMAERT, A g A T
BIACHE P ORAN AR R0 A ST R Wit FH B AR
YRR 7= ORI T AL RO R RN AT F 5T
KU, SACHEE—E T B A Al LR IR, A
A TR AW, (ER A R B0 7 ROCR R
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Table 3 The euclidean distances S;* and S, between each
target value and the ideal point and the relative
closeness C;* of each target

A B T
Irrigation level K fertilizer type ' ' Ranking
Wi KO 0.045 0.003 0.065 12
(198.4 mm) KCl 0.035 0.015 0297 10
K.SO, 0.030 0.018 0.385 9
KNO, 0.028 0022 0434 8
w2 KO 0.033 0013 0287 11
(2462 mm) KCl 0.023 0.024 0.507 7
K.SO, 0018 0.028 0.610 5
KNO, 0.013 0.034 0.728 3
w3 KO 0.023 0.025 0.525 6
(294 mm) KCl 0012 0037 0756 2
K.SO, 0.015 0036 0709 4
KNO, 0.005 0.045 0.907 1

it AR IR E T S SR R AR K, B s T
T BBR R, AR, AR ILEARIEK &
PFRAEZES, 75 W1 KFER, S ARE R+
SBAE E BERT AR FNAS FRER AL P (P<0.05),
B HE K 3G G, SR A B AN R A TG I B 2%
o XAl BESE A TR K R AR X G I B v
R X AR i 2R e B A D BBV S , 1T MR AR R
AR KR F, AR W3+KNO, AbH Y s T4
[ AR o 2 T A AR B, A T R
FERI =i 0 i v T HAb AL 38 4.4%~34.3% F19.2%~
55.0%. X UdHH R K 5 AR ER A4 KB RS A 00 B
U, EAR PR AR R TS, iR AL B
EO T HABPIFRERAL, — 5 T n] e AR RIS 4 Bl
W, BOKGIE MR 2, THHEERIE S, 8 KW+
BORIHREE 0—40 cm 5 HBREMRRETEW S, 4
UL IE s SEAE AN R A B I KB I FF 20, 55— 5
TS T B o %) A TR A BB A Sy V4 B2 1 5 Bl A A i i
MRS R, E NS5 TR B Al R AR BE A8 412 108 41 i 2
SEFR A, TR E A0 R R AR K Ak A i AR
S Al R AL B A 9 [ A AR R R AS
R EZIES, TREEA A FEY A K,
TR RE DR E AT N R, Y
T TP AT R S s FTE R A R, T AR
EEEGER, MHA BT R I I TR

IR JFRE S e, ISR ERAG ., fAERCH
TER o, AR AEH R AL BT, SR EN
E R O R BEVE K LRI R0, TN B K
TR /N, U B T R A T K R A
[, 5 EREERIREEER B, X TR Y 4R
IKRE S #25 . ANRIAR AR 2 AT DA ko3 Th % S 0 o,
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Py it 01 A AR A T AR — B (A,
5 F /NSO GRS R B AR T S B TE M B A
[ 120 S O o s | RV o S L N i B o |
Bt A TRVE IR X 4 2 5 A FE ML A il — 25
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i 1 A B AR FH 8503 2 3 XK 9 5 1
NAEYRG G EEREGE T ] K L SR 43
AR, IR W Y R A K R B Rt
KA B, R o A B R R IR R AT 2Lk 2 LAAE
PEZK, DIAKARRER B, SRR s K AR FH AR 2,
AR 5 A2, EEE A A YT WUE A58
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i, Wang 55091 Rasool 554K 5 45 R AR A E AH A5
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