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Effects of fertilizer application on potato yield and water use efficiency in
dry areas at northern foot of Yinshan Mountain

XIAO Qiang', MENG Mei-lian', CHEN You-jun®, YANG Li-hui',
SONG Shu-hui', REN Shao-yong'
(1. College of Agriculture , Inner Mongolia Agricultural University ; Hohhot , 010019, China ;
2. College of Life, Inner Mongolia Agricultural University , Hohhot , 010018, China)

Abstract: Taking the potato variety of “Kexin 1”7 as the experimental material, using randomized block design, has
studied the effects of different fertilizer on potato yield and water use efficiency, which was experimented for consecutive
three years of fertilization at northern foot of Yinshan Mountain. The results showed that: For all fertilization treatments
and potato growth stages, the soil moisture content in 0 ~ 80 cm was total lower than the control group. The total water
consumption in whole growth period was increased 0.17% ~4.16% comared with control; the dry matter accumulation
was significantly higher than control. The potato yield and commodity rate of each treatment were significantly higher than
control under fertilization condition; the increasing amplitudes of yield and commodity rate were achieveed 5.8% ~
49.67% and 13.97% ~ 55.14% , respectively. The effect of M + NPK treatment was the most obvious, the yield in
2011 and 2012 was reached 36 863.70 kg*hm~2 and 31 386.14 kg-hm ™2, respectively. The next was the NPK and M
treatment. The water use efficiency of all fertilization treatments were total higher than the control. Among them, the M
+ NPK treatment was the highest in two years was higher 43.72% and 44.09% than CK, follow by the NPK and M
treatment. Combined organic fertilizer with NPK was the most suitable fertilizer ratio for local potato planting.

Keywords: fertilizer application; potato; yield; soil water content; water use efficiency
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1.1 XIitts

RIE T 2010—2012 478 4 5y )1 B0 AR B
KGHIAT AT, H b P 52 rh AR B LU AL, J& iy K
Rl 2 A, A H BRI 2 2 959.5 h, AR R
2.4°C, =10°CHR 1 955.2°C , AE [k i 352.1 mm
Aidr AEZE R 2 068.0 mm, TFEW] 105 d 24, i
B ERADN T o K 4 0 ~ 20 em BE2
TIEEAPFE SN 16.01 gokg™ ', 2% 1.05 g kg™ !,
lfF A 60.21 mg-kg™ ", H AW 16.25 mg-kg™ ", AL
A1 120.31 mg-kg™ ', pH 4 8.00,
1.2 i

HER SRR ToH 15— R . AR
PR (5 N 46.4%) , i WERR TS5 (& P,05 16.0% ) , it
FRER (7 Ko0 51.0% ), A HLAE R FFENE (& A HLE
31.4%,% N0.6%,% P,0s0.5% ,%%5 K0 0.2%)
1.3 gt

R BEEAPUE (M) + NPK A HLIE (M) \NPK
NP NK,PK il CK 7 4™ AT AL FE , 45 Ab 2 ) it FH 2 Dl
F 1, F 2010 & 2012 %% 3 4E @ (. BlHLIX
i, 4 REE . PDXERS mx 6 m=30n?, 7
SR 52 500 A% -hm =2, 77 60 em, ¥R 33.3 cm, H
R 60 em AETE , /NX [A] N TS &35, 36 F it
ANEH /INX FR i BEAE , folf FH 2 45476 R385 it
AFERNE IR 5wl A AL 3% /)N DX R 2 iUt )
TREREF . A IR MECRENE — ket A . R T
T 2001 27 H15SH8HSH 8 H I3

FH [R]85 P42 1 R T o
F1 AELIE

Table 1  Experimental treatments

b JitCHE Amount of fertilizer/ (kg*hm™?)
Treatment N P, 05 K0 M
M+ NPK 150 75 270 22500

M 0 0 0 22500

NPK 150 75 270 0

NP 150 75 0 0
NK 150 0 270 0
PK 0 75 270 0
CK 0 0 0 0

1.4 WEERSFHZE
1.4.1 X3EAKFmE R TDR 3K E
AT 4 AR B2 R AR S KR, IR
IR R 80 em, & 20 em —ANISEZ . I
PVC 455051 1 5 78 A3 /I X FPAE AT _E A 40 1 Fl ik 2
[H] . AE/NX I —HR PVC 4
1.4.2 FTHRREZ o5l TSHREHEM6 H 27
H) BRZEIEMI (7 A 12 B) Be2sm Kuii(7 A 27
H) ez k(8 H 12 H) Jekm R 2 (8 A 27
H ) #E4T H [RI R , 45 B B/ N O AR A A
3 KK, A3 An B R I 40 LA AR AR 100 ¢
T 105°CF A7 30 min, RGP 2 75 CHET 2 fHHE,
T & AT YRR R,
1.4.3 g MRS /NX R 4.8 m* N
JT A AR B 25 7
1.4.4 REFLERFEARSHA AEFE  KOF
R E AR WUE = Y/ET, R, WUE ik
R FRCR/ (kg - mm~ ' hm™?), Y h LA E L
H/(kg-hm™2), ET N4t B WK E,

FEK I (mm) = FE AT IR & - B 3
WK+ FH R E I B + A= B R K &

HHEKE (mm) = 2R (em) x RHEARF
TKE(%)

TR 5 R K AE R, H R /D,
WA BIRZ SR E B LKA .
1.5 HEHH

X Microsoft Excel #1 DPS 3.01 %4 &b B #k 14
PR TG AL BN 2347 o
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114 THH XA AFTE

LRV

e 7 Ar,6 Ao ajfn 8 HkeKE D, 2012 44
TR KRN 234.76 mm, EEEFTE 6 A FH].
7 AR A8 A Eva],6 A EdA] 7 A A8
H T aJ MR
2.2 AEEELESEENALEKSNEESTH
SRNGEPRE T S T N va = i N o
AEF 0 ~ 80 em 45 )2 11 F /K i A8 Ak e # oK BOM
], eI N Bl A 1 J2 R B2 I B S Ak 22 S T R ) R
TRTEF A B P A8 Ak o 33X 2 B T 32 FH ) 3 R L
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Fig.1 The vertical change of soil water content in potato growth period of 2011

PHARER I 5 7%, A () it A A BE 6 4 398 7K 43 T
HAMERE AN o 45t AE Ak L7 45 A B D] O ~
80 ecm )2 V-3 L4 5K KT X IR CK b3,
DL 2011 AR KA A 4], % 403 0 ~ 80 em 2
-1+ S K IR BN = R B M+ NPK < NPK <
M< NK < NP < PK < CK, 43 % tb CK 4 BHFEAR T
19.08% . 14. 55% . 10. 51%. 5. 50% . 5. 01% i
4.05% , &M IEALFE 5 CK b B2 5 5 2. Ui B it
JNEA R it 7 2 SRy, i B AR A R A KT
& ITHTTHAE T 58 2 197K 47
2.3 FERIEHERT 0 ~ 80 em + /B 1Bk B A4 0H

M 3 FTLAE B A B AR , 45 it A Ak 34
2011 4F 0 ~ 80 em )2 HHEI/K 4 F B SE B AR
JETHE RS, 2012 4F 0 ~ 80 em + )2 HIEIKE
HIASAEAR LT 2011 4F, FFAS [A] ) 2 DA P B 2 B 2508
B IR B A . PAR 25 R B, A

PEETE W 2 P K e B K B T R, E
KRR A TR . 3R i T A A F
Uiz VAN S IO/ 673 e N I 20 ) W = 1
IKIEAN R s AT T, B A K SR A K
FEE AR AR ZE M 0 U HUIN K, I 2 AR i T e,
[ 2 B3 N A, ol 30K B I I A s A Th R
AR, M B EATE R AR, FEUCEER R A
LA =, ThAR B /K R iR e /D, PR ke 38K
NA—E MR T & o

AN RE At BE 1] 75 P $2 415 58 22 1) 8 SR P I
X KR AR 2E o OB R A Ak 34
(R T 7K AR 0 T DL 2 B, 2011 4B 1 0140, &%
HEHH 0~ 80 em 12 H K B A mAR R
M + NPK < NPK < M < NP < NK < PK < CK, % Jifi JIl* b
IR KT CK(P <0.05), M+ NPK 43 0 ~ 80
em T2 TR ERAL, K NPK, BrRICZEIE
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Fig.2  The vertical change of soil water content in potato growth period of 2012
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2.

Note: GP1, seeding period; GP2, tuber formative period; GP3, tuber
expand period; GP4, starch build-up period.
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YA R SRR Y P R B ) A T
SRENZ D RY AR, hE 4T

N PEAE 7 S RE BRI TS N T Y R R R
PR “S" R LR AR LA, B S 15 () T
PR SRR/ B R D T 30 d(BZRTE K
) Ml b B 2E A K S HREE T BRI R T AR AR
TR TR T 2R 3G K, 4 RS B, AR R
I, BRI, YR LT R B K, ik E
—A PR, ZJE T A R, R
W 2 R R R

PIAE AR IR 45 SR8 /R, Eh % S 3 W ) 4% it
JIEL A2 2 B 4 o A R R 4 v T R G A B2
TE U 2 e A A B IR R 2 . DA S 60 d
(B K S, 2011 4R 2012 AR BIAE A B T4
JRFRLZREILL M + NPK b PEER 7, 43 5148 CK Ab B
HEINT 14.89% 1 48.74% ; Hyk S~ NPK Ak #EL AT M
AREE, 23 B CK A PRI TN T 13.41% . 38.30% Al
11.30% .32.52% ., NP.NK.PK &bl 55 T CK 4b
B,
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Fig.4 Effects of different fertilizer treatment on dry matter accumulation of potato

2.5 BEREHENDEEFERFEHNREENZME

PIAE R B0 25 3 (35 2) o, BB it T LA 3%
TN AA B P Hod M+ NPK Ab 3 8 e 57, 2011
44 36 863.70 kg hm™2, kb CK 347 49.70% , H. &
7T NP NK,PK 440 B, 2012 47245y 31 386. 14
kg-hm™2, Ht CK 3477 48.64% , 11 .3 = T NP.NK,
PK 45 Jiti I b 38 Hoyk & NPK ACFEFT M AL BE, BG4 1Y
GER B ER T CKALF(P <0.05), B 2012 455
NK Ab P25 548 3 38 4, 1 18 38 v 1 e 45 it e Ak
B At AT A BRI T RN 4 AR 2K e, H
55 CK Ab P ] 22 57 25 15 1) W K. Hodh DL M+
NPK 40 P 5 , Hov oy NPK A MR FE 4% it AT ik 3R
BInr s S S s  E d P L M+ NPK Ab

PR, 23 W 0.16 kg F1 0.12 kg, W& T CK 4b
P, 2011 4Bk NK Al PK ZbHAN  H g it A AL B (2
FET CKALRE, 2012 4[4 M + NPK il NK 4L FAh,
HEAHY CK LB 5o W% . AR A b B X
BARRGE BRI AR, LA M + NPK Ab B 5, 4051
H34.80 517 A, BE T HEA AR, 2011
AEBE M+ NPK 1 PK b BRA , HoE i B AR B CK Ak
FERARE . 2012 4F &0t AL BRI B 3 5 T CK
AbFE R 3 IR AT LA Y AR A AT} i 24 mT
PR TR R SR DL M+ NPK 4b BBz 5, 2011
AEFN 2012 443 H3k F) 80.29% 1 82.54% , ¥ i 1
F CKo HK MONPK AbBEAY R B R B B &S T
CK Zb3H

R2 FEMERLEXNDRESERTEHRERNFIT

Table 2 The effect of different fertilization treatments on potato yield and yield components

P e fcﬁ Lo CK 7 CIRVSEE 211 qﬁ-%%i ‘:Iiﬁi?"“% ﬁﬁ:gi%g
Years Treatment Yield Increase Tuber amount Weight per Tuber weight Commodity
/(kg*hm~=?2) /% per plant tuber/kg per plant/kg rate/ %
M+ NPK 36863.70a 49.70 4.80a 0.16a 0.77a 80.29a
M 34600.65ab 40.51 4.41c 0.16a 0.71b 78.49b
NPK 35613.00ab 44.62 4.43¢ 0.16a 0.71b 80.27a
2011 NP 31503.90b 27.93 4.12d 0.16a 0.65¢ 78.26b
NK 29538 .60bc 19.95 4.36¢ 0.14c 0.59d 67.54c
PK 26054 .70¢ 5.80 4.60b 0.11c 0.51e 63.54d
CK 24625 .35¢ — 4.50bc 0.10c 0.47¢ 51.75¢
M+ NPK 31386.14a 48.64 5.17a 0.12a 0.60a 82.54a
M 27008 .33b 27.91 4.57c 0.11ab 0.51be 81.68a
NPK 27329.17b 29.43 4.81b 0.11ab 0.52b 78.60b
2012 NP 23749.19¢d 12.47 4.13d 0.11ab 0.45d 70.88c
NK 26398 .24bc 25.02 4.09d 0.12a 0.50¢ 73.51d
PK 22620.83d 7.13 4.19d 0.10b 0.43e 66.60e
CK 21115.99d — 3.84e 0.10b 0.40f 59.51f

2.6 BERIEHENDHEKSF ARERNEME

H 2 3 n] LA H, 450 AR b BE A RE K B3 K F
CK,H A 2L M + NPK 4b B () #E /K B e £, Hk 2
NPK Ab B, PHAE A 45 SR R B AR LR A e fa 3, 4%

Tt HE A 35 1 7K 43 R AR ( WUE ) 35 18 F % B8 CK,
AL M + NPK AbH#f 5, 2011 R3¢ CK b3 i 2%
PEim 43.72% , A3 & F NP .NK . PK,2012 4F 4 CK
MR 44.09% , H 5 H B 45 i AT Ak 2 8] 25 S A
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KE T BEKE, HYK,NPK A1 M &b 357K 43 )
SR S T CK, Y IETE 25.00% ~ 40.45% 2
[B]. NP.NK il PK AbBEf¥) WUE B F CK A {H
ZESANH, B4R 3 AN Ab A 2011 A1) NP Ab 3

F12012 4EfY NK 4b3 5 CK 4bFE 25 5 B 2 iie4s
SR, Tt A PR SR NPK 0 i A8 5 3 i 4% B
KA R Rl e LB S AL IR Bt , 32 = 4%
TR 43I PR 0 0 B2 R

R3 TREMBAELEXDREKSFRALERNZIM

Table 3  Effects of different fertilization treatments on potato WUE

TR K Sk NIRRT R B ,
B M Sl Sl P S OUOE
Years Treatment storage before storage after growth period amount consumption /(kg-hm~ *2+mm-1) %
sowing/mm harvest/mm /mm /mm /mm
M + NPK 123.80 119.14 172.50 180 357.16 103.21a 43.72
M 126.75 127.39 172.50 180 351.86 98.33ab 36.93
NPK 124.50 123.94 172.50 180 353.06 100.87a 40.45
2011 NP 128.52 128.15 172.50 180 352.87 89.28hc 24.31
NK 126.20 130.59 172.50 180 348.11 84.85¢cd 18.15
PK 129.35 131.02 172.50 180 350.83 74.27d 3.41
CK 131.10 140.71 172.50 180 342.89 71.82d —
M+ NPK 115.40 124.80 234.76 120 325.36 96.46a 44.09
M 120.58 132.60 234.76 120 322.74 83.68b 25.00
NPK 118.60 128.60 234.76 120 324.76 84.15b 25.70
2012 NP 124.60 138.20 234.76 120 321.16 73.95¢ 10.46
NK 124.30 138.40 234.76 120 320.66 82.32bc 22.97
PK 127.60 146.40 234.76 120 315.96 71.59¢ 6.94
CK 133.40 152.75 234.76 120 315.41 66.95d —
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