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W E:Azmb42FEn RS LE SRR ZED L ENTIERE 2 H R, HF R 100% .90% .70%
HIE— KRB, 0% 0% 5 BB LA 2R EANEAZETE 3 a FRARE FRRFREMAIL
TEFHOEH, FRET HEADTHELERKYARA,BALEN B EHLES 17.39% ~ 42.88% , #i 47
MW AR EALE S 15.40% ~40.92%; 7 — L EH D HE=F Hu FEARF HERERFE AL
REFHEEGEHELARTEAERE A LZ L, R EG KEHIE L AP EMEAR $FEEH S
HaH) 90% K(30% +60% )2 1 70% K(20% + 50% ) 4 32 7= & & T 47 IE 2 K # B 90% K(40% + 50% ) 4k 3 Fn
70% K(30% +40% ) 4 3, 48 I8 43K 76 i B9 90% K(40% + 50% ) 4 ¥ F1 70% K(30% +40% ) 4 72 7= & 345 T 47 L —
KR B 90% K AL FE A 70% K432, HE A L3 F,100% KA L% Z 8 4 29 544.44 kg-hm ™2, 2 fr A 4
B RE N ,90% K(30% +60% )L 3 =& % 28 770.83 kg:hm ™2, 5 100% KA E R AL HF W £ 7, HIEAFH R 4
JE AR S 2% 2 A 47 B A PR ) S B R T0% K(20% +50% ) %t 32, 47 57 36.84% .58.11 kg kg™ ' 71 222.22 kg kg™ ',
RAE A L3 b 47 IR Bt 315 A5 B 90% K(30% + 60% ) 4L FE F1 70% K(20% + 50% ) 4L 32 7= & 47 JEF| & 47 JE
R R s B 3 T 100%K 472 ;90% K(30% + 60% ) 4L 32 7= & 47 LA Bl 22 480 0 R 3 3 3= o 48 T AR
HE 45k 17 640.28 kg-hm™2.20.24% .31.13 kg kg™ ' #7 108.89 kg kg™',70% K(20% + 50% ) 4 3 4% %
17 404.17 kg hm™2.26.57% .38.15 kg- kg™ '#7 138.13 kg-kg ™', 100% K 4 H 4 %] A 17 091.67 ke-hm™~2.17.49% .24.97
kg kg™ 'F7 94.95 kg-kg™' s AR EL KRR THIE —KEHA, HEL2EFEEKRES LEENBRLEL
NEELRBREE. R IELREFEER KO K E 162 kg hm 2, KB L3 L #F#HA KO % & 126~ 162
kg-hm ™2, B8 I8 Ay &3 b At 38 1 30% HLE B T0% .
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Effect of reduced K amount and split application on yield and
nutrient utilization of potato on upland

YIN Mei', ZENG Qing-feng®, ZHANG Qiong*, HOU Jun?, ZHANG Fa-kui*, CHEN Hua',
CHEN Jian-feng', WANG Zhi-yuan', FU Li-bo', SU Fan'

(1. Agricultural Environment and Resources Institute , Yunnan Academy of Agricultural Sciences, Kunming , Yunnan 650205, China;
2. Fertility Station of Huize in Yunnan Province , Huize , Yunnan 654299, China)

Abstract: The field experiments were conducted on low and high fertility farm land in Yunnan Huize, in order to
investigate the effects of reduced K amount and split application on yield, net earning, KUE, KAUE and KPEP of upland
potato. The results indicated that K application had significant effect on growth of potato. Yield of potato with K applica-
tion treatment was higher than yield of potato without K application treatment by 17.39% ~ 42.88% . Net earning with K
application treatment was higher than that without K application treatment by 15.40% ~40.92% . With the same treat-
ment, the yield, net eaming, KUE, KAUE and KPEP of potato in high fertility farm land were higher than those in low
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fertility farm land. Both in high fertility farm land and in low fertility farm land, when the same amount of K fertilizer was
used, yield and net earning with 90% K(30% + 60% ) treatment or 70% K(20% + 50% ) treatment are higher than
those with 90% K(40% + 50% ) treatment or 70% K(30% + 40% ) treatment, yield and net eaming with 90% K(40%
+50% ) treatment or 70% K(30% + 40% ) treatment are higher than those with 90% K treatment or 70% K treatment.
In high fertility farm land, yield of potato with 100%K treatment was 29 544 .44 kg-hm™2 and it was the highest in all
treatments. Yield of potato with 90% K(30% + 60% ) treatment was 28 770.83 kg-hm ™2 and it was not significant dif-
ference with that with 100%K treatment. KUE, KAUE and KPEP of potato with 70% K(20% + 50% ) treatment were
higher than those with other treatments and they respectively were 36.84% , 58.11 kg+kg™' and 222.22 kg-kg™'. In
low fertility farm land, yield, KUE, KAUE and KPEP of potato with 90% K(30% +60% ) treatment or 70% K(20%
+50% ) treatment were higher than those with 100%K treatment. Yield, KUE, KAUE and KPEP of potato with 90% K
(30% + 60% ) treatment respectively were 17 640.28 kg-hm ™2, 20.24%, 31.13 kg-kg™' and 108.89 kg kg™", those
with 70% K(20% + 50% ) treatment respectively were 17 404 .17 kg-hm~2, 26.57%, 38.15 kg-kg™" and 138.13 kg
kg™, and those with 100%K treatment respectively were 17 091.67 kg*hm~2, 17.49%, 24.97 kg-kg™" and 94.95
kg kg™ !. Effects of reduced K amount and split application on yield, net earning, KUE, KAUE and KPEP of upland
potato were better than effect of K application for single base fertilizer. Effect of reduced K amount and split application
in low fertility farm land was more significant than that in high fertility farm land. Thus we commended that 162 kg*hm >
K,0 in high fertility farm, 126 ~ 162 kg*hm~? K,0 in low fertility farm, and K application by 30% in seedling and
70% in squaring stage be adopted for potato production in Yunnan upland.

Keywords: potato; potassium fertilizer; reduced K application; in different proportion by states; yield; potassium

use efficiency
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Table 1  Nutrient status of soils of the field experiments

. BHL 42N i N 4P B P 4K ALK

Effﬁiif:‘l pH OM Total N Available N Total P Available P Total K Available K

/(gkg™)  /(gkg™')  /(mgekg™')  /(grkg™')  /(mgikg™')  /(grkg™')  /(mgrkg™!)
AR S b High fertility plot 5.2 2.4 1.9 127.0 1.4 27.4 13.2 113.8
AL 13 Tow fertility plot 5.0 28.2 1.5 97.3 1.1 18.7 11.7 66.1

P AL B — B, 0 8 AR 3 RE IRk RNk 2.
S, BERLIXZHHRS , B A0 BN XCHTAR D 30 m*. 3k
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Table 2 K,0 application amount under different treatments
. b B In ::A/
15 i1 Coplonion e 9 0
Code Treatment ’ . Seedling
amount fertilizer stage
CK TEHPNEAL B Without K, O fertilizer 0 0 0 0
100% K, O — Wit (3 ALt S AL )
0
100% K 100% K,O application for single base fertilizer 180 180 0 0
90% K0 — Ut
0% K 90% K,0 application for single base fertilizer 162 162 0 0
70% Ko0 — R VLR
0% K 70% K,0 application for single base fertilizer 126 126 0 0
90% Ko0 3 Uit HH (HiH] 409% + BRI 50% )
90% K(40% + . L L .
50%) Split 90% K,0 application(40% K,O application in seedling stage 162 0 72 90
v and 50% K,O application in squaring stage)
70% K0 53Ut (T 30% + B 40% )
70% K(30% + . . L .
Split 70% K,O application(30% K,O application in seedling stage 126 0 54 72
40% ) S .
and 40% K,O application in squaring stage)
90% K0 JE £ it (39 30% + B 60% )
90% K(30% + oo . o L .
60% ) Split 90% K,O application(30% K,O application in seedling stage 162 0 54 108
and 60% K,O application in squaring stage)
70% K0 JE 2t (il 209% + B 50% )
70% K(20% + . . I .
50%) Split 70% K,O application(20% K,O application in seedling stage 126 0 36 90
and 50% K,O application in squaring stage)
4l N Al P,05 B AW 5500 180 kg A1 60 S,
ke, R BARAL A PR R AL — YR PG T, B0 A 4 IR 3 2 RSEOTE Ik

AL . BAE R N 46 % 138538 PR 2, B
A P05 12% B 45, #IE & K0 50% 1) i 1R
B,

R T 2014 4E 3 A 14 H¥EF, 10 A 11 Hilk
o FIIEZEE R 54 000 B - hm =2, 3R 56 i 72 P B i
THAb 2% S A, Ho A 35 2R T TR R ) 45 RS it . PR 2
RIS TCHE WA G , 78 5 A SRBEK .
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em, % ST PR 10 453, 40 0R G o — A B -
P o SR FH B TR P 25 o 125 0 A LB, 386 358 P Ao 32
AE pH, P I QR I R 4 N, B A 7 10T 00 e
fif% N, B - BHER DL L (75 E 4 P, 0.5 mol - L7
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JitE B R 3G I (O - hm=2) = A X 7= (E - A
Jit B DX — it 0 DX A A

PRIEFIHIZR (%) = (it B DX B — %o B IX
PiEE) /BB x 100%

PIEAR A A (kg kg™") = (il DX 1 — X
BRI 7 5 /it P
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Table 3 Agronomic traits of potato for different treatments

K¥E Large-size T Middle - size /N Small - size g £y
4 i3 B BRGIE Bt BRGIH Bk pRdpgpy Amountsol  Fresh
Trials Treatment Amount Ratio Amount Ratio Amount Ratio tuber weight
R S G I A IR
CK 6.33 36.53 5.33 30.76 5.67 32.72 17.33 b 0.39 ¢
100% K 11.33 42.50 8.33 31.25 7.00 26.26 26.67 a 0.57 a
I 90% K 9.00 43 .54 7.00 33.87 4.67 22.59 20.67 ab 0.53 a
High 70% K 7.67 40.37 6.00 31.58 5.33 28.05 19.00 ab 0.48 b
fertility 90% K(40% +50% ) 9.33 43 .74 7.33 34.36 4.67 21.89 21.33 ab 0.56 a
plot 70% K(30% +40% ) 9.33 43.74 7.00 32.82 5.00 23.44 21.33 ab 0.54 a
90% (30% +60% ) 8.67 37.68 8.67 37.68 5.67 24.64 23.00 ab 0.56 a
70% K(20% +50% ) 9.67 47.54 6.67 32.79 4.00 19.67 20.33 ab 0.55a
CK 3.33 22.20 4.00 26.67 7.67 51.13 15.00 ¢ 0.23d
100% K 4.67 21.55 5.33 24.60 11.67 53.85 21.67 ab 0.34 a
] 0% K 4.33 22.01 4.67 23.74 10.67 54.25 19.67 ab 0.30 be
Low 70% K 4.00 22.22 4.67 25.94 9.33 51.83 18.00 be 0.29 ¢
fertility 90% K(40% +50% ) 5.00 23.44 6.33 29.68 10.00 46.88 21.33 ab 0.34 a
plot 70% K(30% +40% ) 4.67 22.96 5.00 24.58 10.67 52.46 20.33 ab 0.33 ab
90% K(30% +60% ) 4.67 20.60 5.67 25.01 12.33 54.39 22.67 a 0.35a
70% K(20% +50% ) 4.33 19.11 6.33 27.93 12.00 52.96 22.67 a 0.34 a

I RS RNG FRHUK 5% A R E 25, Tl

Note: Different small letters in the same columns mean significant difference at P <0.05 level. The same as below.
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4 RN TR T AL R A5 Ak P T AR
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Ho

AR g e b A Ah EE P N BARAR T
100% K.90% K (30% + 60%).90% K (40% +
50%).70% K(20% + 50%).70% K(30% + 40%) .
90% K.70% K 1 CK;100% K Ab¥r=H 5, 5
90% K(30% +60% )AbBR2E AN B 25 . fIRAE Sy 1358
L AL N E B 90% K(30% + 60%)
70% K (20% + 50%).100% K.90% K (40% +
50%).70% K(30% +40%).90% K.70% K 1 CK;
90% K(30% +60% )ZLFRH 70% K(20% + 50% ) 4b

BRI Ry = AL B, EE T 100% K AbEE,

o RRAE 7 A e i 0 Ak B () D 4% R s R A
K, B - HEF= o 24 273.61 ~ 29 544. 44 kg-
hm =2 fIGAE J7 £ 3€ 4 14 900. 00 ~ 17 640. 28 kg -
hm ™2 fIGAE g -39 Hp f AR Ak B Bt Y = R
3 CK AbFEr= &,

I8 4 B B Ak B R I A i R e R
TXHRAE 7 - i 52 ZEARNE 77 8 |, sl 0 10
it AL 3 7 o AT AR T 100% K AR B, {5 A8 = IE
35 b 43 Wt A0 A0 R 7 R B R T 100%
K 4b3,

TV TE e ARNE 7 1338, 7 it FH A0 I St A ] B
AR S A 26 5 90% K(30% + 60% )AL FEFT 70% K
(20% + 50% ) AL B 7™ it v T B AL Uit 1) 90% K
(40% +50% ) KL FRAN 70% K(30% + 40% ) b B, 47
RV it B 90% K (40% + 50% ) /b BRI 70% K
(30% + 40% ) Ab FH 7 5 34 1 T B IE — Wk Pk it T 1)
90% K AbHEFI 70% K AL,
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Table 4 Yield of potato with different treatments

- e HLL CK AL 100% K AL 90% K HALE 70% K
G A3 Yield Compared with CK Compared with 100% K  Compared with 90% K  Compared with 70% K
Trials Treatment -
/g bm™) (kb)) /% S(kgrhm?) /% /(kgrhm ) /% /(kghmo?) /%
CK 20677.78 d — — -8866.66 -30.01 -6365.28 -23.54 -3595.83 -14.81
100% K 29544 .44 a 8866.66 42.88 — — 2501.38 9.25 5270.83 21.71
T 90% K 27043.06 b 6365.28 30.78 -2501.38 -8.47 — — 2769.45 11.41
High 70% K 24273.61 ¢ 3595.83 17.39 -5270.83 -17.84 -2769.45 -10.24 — —
fertility 909 K(40% +50%) 28611.11 ab  7933.33 38.37 -933.33 -3.16 1568.05 5.80 4337.50 17.87
plot 70% K(30% +40%) 27137.50b  6459.72 31.24 - 2406.94 -8.15 94.44 0.35 2863.89 11.80
90% K(30% +60% ) 28770.83 a 8093.05 39.14 -773.61 -2.62 1727.77 6.39 4497.22 18.53
70% K(20% +50% ) 28000.00 ab  7322.22 35.41 -1544.44 -5.23 956.94 3.54 3726.39 15.35
CK 12597.22 — — -4494.45 -26.30 -3238.80 -20.45 -2302.78 -15.45
100% K 17091.67 ab ~ 4494.45 35.68 — — 1255.56 7.93 2191.67 14.71
) 90% K 15836.11 ¢ 3238.89 25.71 -1255.56 -7.35 — — 936.11 6.28
Low 70% K 14900.00 d  2302.78 18.28 -2191.67 -12.82 -936.11 -5.91 — —
fertility 909 K(40% +50%) 17081.94 abh  4484.72 35.60 -9.73 -0.06 1245.83 7.87 2181.94 14.64
plot 70% K(30% +40% ) 16408.33 be  3811.11 30.25 -683.34 -4.00 572.22 3.6l 1508.33 10.12
90% K(30% +60%) 17640.28 a  5043.06 40.03 548.61 3.21 1804.17 11.39 2740.28 18.39
70% K(20% +50% ) 17404.17 a  4806.95 38.16 312.50 1.83 1568.06 9.90 2504.17 16.81
2.3 BESHEHEREDRINEFAESH R AE T LA A B S R A AR i K B

25 TR D a4y i AR IR 00 T R S A T AR
o

B 8 L FNBRBAS T, 100% K Ak 3l
th e, A F] 70 762.85 JC - hm 2, Hofth Ab PR35 U
12.50% ~ 29.04% ; M 5 FTT ARG B2 B ok
E,90% K(30% + 60% ) AEFE 90% K(40% + 50% )
LEERFN 70% K(20% + 50% ) Kb FRAL A , B AR I
2R EAKT 100% K AP AHI/DTE 5% . (RIE T+
b MR SAS S ,90% K(30% + 60% )AL BEFT 70%
K(20% + 50%) Ab BE ¥4 0K 25 4 &, 43 Bl ik %)
41 164.43 JG+-hm~2F1 40 898.16 JG-hm~2, It 100%
K AbFH 5 3.87% F1 3.20% ;90% K(40% + 50% ) kb
HF= R B EA 100% K 4B &, 5 H g0 35 3 &
137.69 JG+hm™2,

o ERAE g A M i 0 Ak P Th A S 3 22 5
B, E R ek 58 071.77 ~ 70 762.85 G -
hm ™2, % A 7 448 K 37 250. 00 ~ 41 164.43 IC -
hm~2,

2.4 BESNHEFRIEX D EHIER AR

6 WoRTE R RAE 7 -3 b 43t 4 AT Xt
ThAS S R A 2R B IR AR 2A ORI IE D A 7= 7
PR 2 2R RN AE )2 R T RCR A5

FIF R IR A 2A 3R A0 IE O A 7= 1 SRR 1 +
AR SR, ST A AR AL B B K
132.47 ~ 161.71 kg-hm ™2, K JEFI R Ky 22.18% ~
36.84% ,FPAEAR2ARR g 28.54 ~ 5811 kg-kg ™!, 4
FEAR A 7 )7 164.14 ~ 222.22 kg-kg ™5 TARAE 7 135
A A A P 1) bR M R BB B K 5 97.01 ~
99.00 kg-hm ™2, K BERIHZEH 13.05% ~ 26.57% , 4
JEAR AR N 18.28 ~ 3815 kg-kg ™', BB AR 2E 7 T
94.95 ~ 138.13 kg kg™ '

RS 4 F,100% K AR A F RSy
FEJE A A B R Y, Kt i, CK AR PR
Mo b N T EA K BT AR AR, R
J1H3EE,90% K(30% + 60% ) ALFEFT 70% K(20%
+50% ) Kb b T 5 T A E, M R EB 4 K
W55 100% K Ab iy 564> T 8 2 i A b i rp
Y, 1 B K R .

TS B T s 2 AR 7y + 35, FrAE A
R PR A 2SR AV A AR A 7 ) e R 1 Ak B
70% K(20% + 50% ) Kb 34, 45 A F1] F 25 0B I A 2
RORBARMI LBy 709% K AL TR B0 A AR 7 F1 e A%
b3 100% K AL FE; #1R 2 T 2= I AR A DY)
SR FRCR R CK AR 5 .
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Table 5 Profit of potato with different treatments
o . 2 HIEL CK HIE 100% K E%ﬁgg“
R JOFL Yield Value Cost - Compared with CK  Compared with 100% K I oo
Trials Treatment /(kg* /(yuan+  /(yuan* caTmng riereasing
hm-2) hm-2) hm-2) /(yuan* benefit by K
m m hm-2) /(yuan*hm=2) /%  /(yuanhm=2) /% /(yuan+hm~2)
CK 20677.78 51694.44 1478.26 50216.18 — — -20546.67 -29.04 —
100% K 29544 .44 73861.11 3098.26 70762.85  20546.67 40.92 — — 20546 .67
= 0% K 27043.06 67607.64 2936.26 64671.38  14455.20 28.79 -6091.47 -8.61 14455.2
=
High 70% K 24273.61 60684.03 2612.26 58071.77 7855.59 15.64 -12691.08 -17.93 7855.59
ferllility 90% K(40% +50% ) 28611.11 71527.78 2936.26 68591.52  18375.34 36.59 -2171.33  -3.07 18375.34
t
plo 70% K(30% +40% ) 27137.50 67843.75 2612.26 65231.49  15015.31 29.90 -5531.36 -7.82 15015.31
90% K(30% +60% ) 28770.83 71927.08 2936.26 68990.82  18774.64 37.39 -1772.03 -2.50 18774 .64
70% K(20% +50% )  28000.00 70000.00 2612.26 67387.74 17171.56 34.20 -3375.11  -4.77 17171.56
CK 12597.22 31493.06 1478.26 30014.79 — — -9616.12 -24.26 —
100% K 17091.67 42729.17 3098.26 39630.91 9616.12 32.04 — — 9616.11
IO ) 90% K 15836.11 39590.28 2936.26 36654.02 6639.23 22.12 -2976.89 -7.51 6639.22
‘Inw 70% K 14900.00 37250.00 2612.26 34637.74 4622.95 15.40 -4993.17 -12.60 4622.94
fertility 90% K(40% +50% 17081.94 42704.86 2936.26 39768.60 9753.81 32.50 137.69 0.35 9753.8
|
plt 70% K(30% +40% 16408.33 41020.83 2612.26 38408.57 8393.78 27.97 -1222.34 -3.08 8393.77
90% K(30% +60% 17640.28 44100.69 2936.26 41164.43 11149.64 37.15 1533.52 3.87 11149.63
70% K(20% +50% )  17404.17 43510.42 2612.26 40898.16  10883.37 36.26 1267.25 3.20 10883 .36
T S5 2,50 JG-kg ™' IR 2.50 T kg™ 5345 1.00 JG-kg ™' BRARET 4.50 T kg™
Note: Potato 2.50 yuan-kg™'; Urea 2.50 yuan-kg™'; SSP 1.00 yuan-kg™'; K,SO;4.50 yuan-kg™'.
Ro ARLEIREFR KEAARER
Table 6 Potato K use efficiency of different treatments
oI55 A ‘
Aboveground part Underground part MR AR R WRGVRE ALY
B Ab ¥ IES BES A7 FISER FRCE
Trials ~ Treatment ~ T'H K& THE K& KUE KAUE KPFP KEUE KBUE
Dry weight K content Dry weight K content /% /(kg'kg™!) /(kg'kg™!) /(kgkg™!) /(kg'kg™')
/(kg'hm'z) /(kg'hm_z) /(kg'hm'z) /(kg'hm'z)
CK 356.28 9.62 5583.00 94.91 — — — 53.41 62.58
100% K 599.67 17.33 7977.00 144 .38 31.77 49.26 164.14 49.33 59.40
90% K 565.06 16.27 7301.63 131.43 26.65 39.29 166.93 49 .44 59.85
70% K 543.28 15.16 6553.88 117.31 22.18 28.54 192.65 49 .47 60.50
mIJ 9% K
High (40% +50% ) 548.72 15.58 7725.00 139.05 30.93 48.97 176.61 49.96 59.50
fertility
70% K
plot (30% +40% ) 546.78 16.13 7327.13 129.69 32.77 51.27 215.38 50.25 60.71
90% K
(30% + 60% ) 551.83 16.00 7768.13 139.83 31.67 49.96 177.60 49.85 59.50
70% K 564.67 16.38 7560.00 134.57 36.84 58.11 222.22 50.08 60.38
(20% +50%) ’ ‘ ‘ ’ ‘ ’ ’ '
CK 260.67 5.24 3653.19 60.28 — — — 55.76 64.93
100% K 281.00 6.80 4956.58 90.21 17.49 24.97 94.95 51.09 58.06
90% K 270.67 6.44 4592.47 82.66 14.56 19.99 97.75 51.54 58.83
70% K 270.00 6.35 4321.00 75.62 13.05 18.28 118.25 52.71 60.71
flRiE);  90% K
Low  (40% +50%) 274.00 6.52 4953.76 87.68 17.71 27.68 105.44 52.59 59.62
fertility 0% K
plot (30% _:40%) 279.00 6.70 4758.42 88.98 23.94 30.25 130.22 49.73 56.61
0% K 21967 6.74 5115.68 91.57 20.24 31.13 108.89 52.04 58.92
(30% + 60% ) . . . . . . . . .
0% K 278.00 6.64 5047.21 92.36 2.57 38.15 138.13 50.98 57.66

(20% +50% )
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FER LR 0, AT ARAR AT 10 28 U5 35 4 RN R AR 2K
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130% H I 70% .

2 % X Wk:

(1] Btk AEYEFR2EIM] st E AR R 2 A, 1994
(2] FER HREF SO AEEAR [M] . b5t o B ol R i i
#1,1995.
(3] R DR AU AREIIM] . AbaT Bl b, 1995.
(T#5 36 M)



36

TR XAV BT

o536 &

[34]

[35]

[36]

[37]

[38]

[41]

ation of permanent raised beds, no tillage and strawmulching for an ir-
rigated maize-wheat system in Northwest India[J]. Expl Agric,
2012,48(1):21-38.
AR, R, R #,5F REATA SR REEX A/NE AR HDE
REA AR RN [ 1] . B AR 252741, 2006, 17(2) : 243-246.
BRI, F PFF,I%E BZE P PERE X R4 /N2 K
SRR REE L] AR 2447, 2007,22(S1) 1 115-120.
X BURTE, K A RS AT X P R K O B
KO FI BRI L) ] VAR MR 22 R (A AR
2£H7),2010,38(7) :68-76.
Dahiya R, ngwersen J, Streck T. The effect of mulching and tillage
on the water and temperature regimes of a loess soil: Experimental
findings and modeling[ J]. Soil Tillage Res, 2007,96(1/2):52-63.
Sarkar S, Paramanick M, Goswami S. Soil temperature, water use
and yield of yellow sarson (brassica napus 1. Var. Glauca) in relation
to tillage intensity and mulch management underrainfed lowland e-
cosystem in eastern India[ J]. Soil and Till — age Research, 2007,93
(1):94-101.
XL R AR, A R AN IR T RS AL 1
SBR[ 1] 5 AT, 2007,2(4) :197-201 .
Martinez F, Lazo Y O, Fernandez-Galiano J M, et al. Root respira-
tion and associated costs in deciduous and evergreen species of Quer-
cus[J]. Plant Cell Environ, 2002,25(10):1271-1278.
Peng S B, Huang J L, Sheehy J E, et al. Rice yields declinewith

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

higher night temperature from global warming[ J]. Proc Natl Acad
Sci, 2004,10(27) :9971-9975.

LeeaSH, Adya P S, Gap C C, et al. Exposure of roots of cu — cum-
ber (Cucumis sativus) to low temperature severely reduces root pres-
sure, hydraulic conductivity and active transport of nutrients[J].
Physiologia Plantarum, 2004,120(3):413-420.

Burton A J, Melillo J M, Frey S D. Adjustment of forest eco — system
root respiration as temperature warms[J]. J Int Plant Biol, 2008,50
(11) :1467-1483.

Walker ] M. One degree increments in soil temperatures affect maize
seedling behavior[ J]. Pro Soc Soil Sci Am, 1969,33(5):729-736.
IS, RER B8, TR BRI, 55 ARL P A /N 2 B s o 1
TR AT IR L] T 5 4 O BF 5T, 2009, 27 (1) :
107-114.

SRARMG , XUZH 5%, Phse T, 55 AR K o3 R S b 3 X 4 /N A2 A
KRR R0 1] B BEHEK 22412, 2015,34(8) : 7-11.
TRIEAR PR B ZRRRAR A5 B S R S ORFEAK R BT 5
(374l TF*#41, 2002, 18(2) :36-40.

PRERSE, IR E 9,38 4,55 RSP o0 B oK AR ] 26 & A
AR R ] REBEHEK 244, 2004, 23(4) : 32-36.

Besky A J. Does herbivory benefit plants? A review of the evidence
[J]. Am Nat, 1986,127(6) :870-892.

Gajri P R, Prihar S S. Effect of small irrigation amounts on the yield
of wheat[ J]. Agric Water Manag, 1983,6(1):31-41.

(L% 7TR)

[10]

[11]

[12]

[13]

[14]

[15]

P M MG ELT. Eh A SR AR B A (M b Al A
1984:155-185.

2015 +zf‘ﬁé%ﬂ'+4€~[M] dtnt: A E gl AL, 2011
FLAHE, 20 X, RE A5 YA AE T T 4% 2 7k A
%HH[J].ii;sHE*4,2oo4,<3>:17-19.

/RN S I - ﬁﬁ@ﬁﬁl@attxﬁé@ﬁ%%%?ﬁ
R AR R R A s (7). b [ E 8 5, 2010, 24 (4)

204-229.
TS AR A], TS, A A LA PUE S SR A K &
BT AR sEm [T]. T 54 XA BF 5T, 2013,31(3)
106-111.

B WA S TS, AR A T AR R
WSO s SR s e [ 7). V8 i AR Ml 24 317, 2015, 28 (2) : 644-
649.

TRARE, T2, 5K 56, A5 BB X o 1 T T 44 S P i L B
BORZA [T]. b 4% 5, 2009,23(3) £ 152-154.
B SC,INVE, e, AR B IEASTR] it A S e S
FRIREN[J] . 23Rk, 2005, (4) :44-47.
BRI, R B R R E IR [ T]. S
A lr B2 ,2009,37(9) : 54-56.
5OBKGBE L S N O e A R [M] L AT E AR
b H R, 2011

RRAE, W2%HT, S5 A [ AU AN HUAC B A e B X B 4%
JERY S AN [T] . 44 ,2000,41(5) : 844-848.

Westermann D T, Tindall T A. Potassium diagnostic criteria for pota-
to plants[ J . Better Crop,2000,84(3):6-8.

[16]

(17]

(18]

[19]
[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

FRSCER , A1 e, B 7, 55 SR S B BT R JOE FR 2 B
[J].qﬂlﬁliﬁ%'ﬁﬂﬂﬂ,zom,(z);l-m
Eansh . L3l A 2% 4 A s M L de T v ROl B
AL, 2000 127-129, 146-149,302-311.
fif - B SR AT (55 =00 (M. bt B Al i s,
2005.
FFRBE . IR BT TN LM b aT Al A, 1988.
XA O Ao w55 S DA AL R I R A
FER KRB [)] . £, 2014,51(4) : 753-760.
Bt OE,ok B, E 1SS B0 PR S e X A
AR AR (1] A6 ARl 2440, 2016,44(2) 1 1-6.

P8 MK S AN TR St P R 7 % 2 ™ 1 5
(7] [ 44 2 2006,20(5) :280-281.
ik BB E S DA R R A TS i AT g
BORAHTI] . =Rk, 2009, (2) :32-33.
FPAT . R N [F] A 8 it BRI RO s (]
FEHERE, 2002, (3) 1 15-20.
oo, NERE, A LS HIEARE RO SRR
PR K= s m[T]. V\]'%‘E%dkﬂﬁ'z 2015,43(6) :41-42.
KA, EIRE BRIENT, 45 . v [ PG g b DX 35 b B A 0 A
M ()] P ERY) B%Lﬁﬂtﬂﬂs&%ﬁi,m, 12(6) : 772-777.
RARM, FIREE, SH, AU/ NTSOAR R R Oy 2
R RFHEDFTE (1] 7K L AR FEm A, 2003,23(3) : 16-20.
XA SRk, A, 55 ANl Z A 25 R 2T 3B A
BRFA RN s L) ] . VE R ARl 244, 2009, 22(4) : 1006-
1010.



