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PEAPEALA T KR TAED, S Tixi X D4 %
FRRE T AR Y R A T BB Pl R i B2, 1
Ji B I A 1 A B AE A R 2E— 25 1 58 38 FAh
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1 MR EFE

L1 A ek

BEEY . SREEEI S,

RIS AE R, JRE (N 46% ), & 18 i w R 45
(P,0,12% ), TiFRH! (K,050% ),
1.2 R A

HH ] F 7 2 rh D i I B 5 £ KW R
ThA S R B T KR S S (B4 36°06
382", ZRZ105°31'795") , MR EA T 7 Ehis+
FpETRal, FEONTFRAO X, H R SR
R X B IR 14, HIR KR, 4
Rk 270 ~400 mm Z[H], FFHER R 6.8C, =
10°CAHBFRIR 1 638 ~2 600°C, JCFEM] 146 d ifq,
RET 2014 45 H 11 HEEFP, 10 H 15 HYIK,
R A SEAR B MR WL 1,

F1 it HIENEREBELMER (0~60 cm)
B — 5 AR A pH

( Y ( ( g/ ¥ )
cm E
ng/ kg) ng/ kg)

18.90 45.22 270.00 1.15 8.71
8.08 192.00 1.31 8.56

T2 fHHE &R b
: k k mg/k
(em) (g'kg) (g/kg) o/ke) (mg/kg)

0~30 17.80 0.96 0.36
30 ~60 13.80 0.69 0.29 10.10

1.3 gt

WER A 311 - A IR G 3, & (N) . B
(P,05) . B (K,0) H&ENAZRE, MSHRE™ &
9 H AR R A, A5 0 N T B RR W E C N: 360
kg/hm*, P, O,: 180 kg/hm*, K, O: 180 kg/hm’;
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TRRAS N 0 kg/hm®, ARG 311 — A e [ 3 112

K, DA 7R s 4 A5 (R R B A e RE K OF, Bl 11

MEA S, BJaxrea g Rt g, B

Ay X AR RHOC R y X 2s [a)rh

Aebr b x AER C R, HARmSEAHS TR 2,
2 BEBKFEHED

AL 7K 2

A7

-2 -1.414 -1 0 1 1.414 2
N (kg/hm?)

0 5274 — 180 — 307.26 360
(Xl)
P,05 (kg/hm?)

0 2637 — 90 — 153.63 180
(Xz)
K,0 (kg/hm?)

0 — 45 90 135 — 180

(x3)

1.4 Bt =

PIBMAAT RS BT 100 em, 2B FRNEAT, B
ZELTAPAE, Fe4T 60 cm, ZEAT 40 em, FRIE 40 cm,
FIAEVREE 20 ~25 em, PP 50 025 #&/hm?,
/NIX 245 ¥k, FFRE 1 800 kg/hm’®,
1.5 e H Sk

TH RSP B . WSO R /N XS 7= S
AR 3,

x3 RBHEE5FELR (kg/hm’)
b - N
o N (x;) P,05 (%) K,0 (x3) Sy BLibyRa e
e

1 0 (180) 0 (90) 2 (180) 30408.0 28767.0

2 0 (180) 0 (90) -2 (0) 28 203.0 29 845.5
-1.414 -1.414

3 1 (135) 17 406.0 18 226.5
(52.74) (26.37)
1.414 -1.414

4 1 (135) 25 879.5 26 700.0
(307.26) (26.37)
-1.414 1.414

5 1 (135) 24 607.5 25428.0
(52.74) (153.63)
1.414 1.414

6 1 (135) 33 007.5 33828.0
(307.26) (153.63)

7 2 (360) 0 (90) -1 (45) 33 009.0 32 188.5

8 -2 (0) 0 (90) -1 (45) 19 506.0 18 685.5
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x4 QEHEEEMESEER

TERY Biik7ey
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W5 (kg/hm> kg/hm? kg/hm? e wEh i
= 2
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1 0 (180) 0 (90) 2 (180) 12. 83 12.55
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~1.414 ~1.414
3 1 (135) 12. 40 12.55
(52.74)  (26.37)
1.414 -1.414
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-1.414 1.414
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1.414 1.414
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(307.26)  (153.63)
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8 —2.(0) 0 (90) -1 (45) 11.23 11.08
9 0 (180) 2 (180) -1 (45) 13. 15 13. 00
10 0 (180) =2 (0) -1 (45) 11.64 11.49
11 0 (180) 0 (90) 0 (90) 14.15 12.55

1.6 ZXWEIn A R AL

P NX RSSO BN 7 B, Ehak ™
W (y) HA (N). B (P,0,). #1 (K,0) HEK
RABALNERR, BT 2SRRI

3 3 3
y = by + ijxj + 2 by, + Z bj].x?
j=1 j=1 j=1
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KA R b, U R

2 HRESH

2.1 BBEFETRSRE (N). # (P,0,). # (K,0)
FRRIKR
2.1 1 [T RRE T

MR I 45 5 5 311 — A et M H 3 27 A
(N). B (P,05). 8 (K,0) &N T5opkE-
w2 R

7 =7 607.244 +113.257x, +142. 22x, +

68. 92x, —0. 204x> 0. 532x> — 0. 40612 —

0. 002x,x, —0. 048x,x; +0. 076x,x,

JAERI P E R B R? =0.964 5, FUHRLK %

T 55 R G BORAEH 4,
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2.1.2 R F FRV 4

RIS BT AL R I IE A 4t [nl)H 7 72
PG HEAR ARSI A5 R G A 1B 2R KT X
N A SRA AR A BRI D5 A, rT A 4R
1) B — RGN 7
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7 (P,05) =23519.9 +148. 7x, —0. 53242

7 (K,0) =29 842.1 +67. 12x, —0. 40512

Ma, xR -20 -1.414, -1, 0,
1, 1.414 2 BETXT Y AR AR i, ARA Lk %
Gy RIS E| S N, NSRS s,

x5 SEFRARKTEHBHN

-2 -1.414 -1 0 1 1. 414 2
N 19627.6 24 812.6 ~— 327424 — 341942 32897.2
P,0s 23519.9 27071.2 —  32593.7 — 338083 33049.1

K,0  29842.1 — 320424 32602.4 31522.2 — 288017

AT AT, A5 I 50 B Y B — 240 [
A7 — 0 R ARPE T RAE x = —b/2a
bR AR AR, SR AT B — N B S 7 R
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BB 2T BRI BRE, &g N 1]
FAAER R L IERAFRBSZ AR, H AU
B N A B — R NROR 3 e R L B R A 2 i,
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Bk (P,05) MEF (K,0) HAEIHT: XF &

VAT AR AT IR LA Wl AN Y ELAE RN AR
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P (y)
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p (y)
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258.6 (kg/hmz), x, =131.1 (kg/hmz), x; =71.25
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8.1 x107°x —2.4 x10 *x; 2.6 x10*x3 +
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7 (N) =12.162 +0.028x, =8.1 x10 °x}

3 (P,0,) =12.05+0.05x, =2.4 x10 *x;
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R FRTE x = — b/2a A BUSHAE, RAFH—
AN RS 5 fi ey IR X IO 1) 5% 3 PR 7 ) 0
WA A (N): 175 kg/hm®, # (P,0,): 104.2
kg/hm?®, A1 (K,0): 101.9 kg/hm*, {H 5 £ 15
KINETTRERE, A9 RS RN, IER
ANERSEEAE, PR A 25 356 PR 1) B — R0
KRG IRAEH A AT, T X &5 - E]
s B AE AT RN
2.2.2 I A 0 BAEROS 3B

A (N) A (P,05) MIEAERN /M. X
(815 7 A T RS RN F AR08 TR

7 =10.734 +0.022x, +0.037x, —8. 1 x 10 °x] —

2.4 x107* %] +7.06 x10 x,x,

Pl 6 AT UL, iR U B A B R 1 A 1 S
YEFIA ARG, ZFE 0 ~ 180 kg/hm® | BE7E 0 ~ 120
kg/hm® B, Fifiit A 45t (4 38 v b 5 kA Bl 22 15
Wi 2, AU T 180 ke/hm B, Bl RUH R AY
Hmyeky & 2N EE S, ARE, B
120 kg/hm® B, TRy & i SMIFEAR

180 >
w 40 e
360 0

B o6 DRIJFEHERMBENEIERN HEE

W (P,0,) FIEH (K,0) HAEDHr, X EAYIE
VA R A T A AR B R ) E A RN R R
7=9.856 +0. 052x, +0. 048x, —2.4 x 10 *x] -
2.6 x10 743 —1.72 x 10 x,x,
K17 RWY, SRR AT E 48 B VE M & B A/,
TR EEPEHIAE 0 ~ 90 kg/hm® [8] AT DL Th44 22 5 4 15
A AR, T 90 kg/hm® I IEEATAEAF] T 4%
BIERI) 2R,
A (N) F#l (K,0) BIEHAERHT, FAHE
ARV T FE N -
7 =8.826 +0.035x, +0. 061x, 8.1 x10 °x] —
2.6 x10 742 =7.92 x 10 7x, 1,

yIEHER (%)

2

yiEmER (%)

—_
~

—
N

v EHER (%)
=

8 DREREMEE RN EIER i HE

&8 mIIL, FRXTIER &R mE/NTA, H
TEANER AL A4 D0 T WMESRAS i = UE b 7 =, &R
B AR RIVE RS A — 2L
2.2.3 EfEHAE

XTTEA & it A 101 05 7 A8 SR S 45 0 1m0 05 7 72
TR
%f:oxn9—L62x104xl+106x10*x2—

7.92 x10 °x,

9 _0.039 +7.06 x 10 x, —4.8 x 10 "*x, ~

0x,

1.72 x10 7«

ﬁl:oxmz—192x104xl—L72x104x2—

0x,

5.2 x10 *x,
TR R B e i P B IE &, ~, (R =
183.78 (kg/hm’), x, (%) =106.39 (kg/hm’),
x, (BF) =87.64 (kg/hm’),
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3 Zig5iti

3.1 Z5ig

T4 R, TCIe M F R0 8 J2: 58 H AU 43
Br, RS R VEM O R RE I = AR A 2
AN TR ) AR A FA . PR R B T D 4% 28 7 i o K]
RN /AN, AP HEERN &K, 7 FREH
21.2%, W 15.3%, PR &R 2 5 REE /D, A
5.3% ; RBFSR . R3S BRIV A B P 30 22 5
B, A, BISCHRN AR RN 18.73% , WS
BARS R A 11.26% , WS AL, BRIEE B AN S5 R
PR RN 1Y 22 S B 4% DRl RO A3 5 & 1) 2 Wi
L7 R, 2 B I S R T B R AN S
VRSN FAE RN . FERIALEEAS A, HARA R
JURH PR AN [ e B2 14 3 [W] 4 FH 52 0 2 S 4% 8 7 e I
VERY SR BTRAAT DA BRI IR R AR B L A
PRAYI RS R, R DR E - BT & 2O
HARRE X,

ARG HEAT T A, BRI B 44 5 R I TE K
TR, RPN R S5 t, # T 45
PR 5 7= i e Y B i i ) 2 I e R

A ClEp e
7 =7 607.244 +113.257x, +142. 22x, +68. 92x, —

0.204x% —0. 532x% —0. 406x2 0. 002x,x, —

0. 048x,x; +0. 076x,x,

TERY O hE MR

$=7.26+0.029x, +0. 039x, +0. 062x, —

8.1x107°2% =2.4 x10 %% 2.6 x 10 *2? +

7.06 x10 x,x, —=7.92 x 10 7w, x, —
1.72 x 10 x,x,

311 - A AR B AL g ik g 151 T
Sy, HASERER, Almh i T
BT ASIY 11 AAEERE G, HRTE 5 x5 x5 =125
AERLE A (A B i, AR Ry R A 4 1 Al 1] 1 D
KA B m e R AL B A R AL, B, BN
267.3 -139.0 —82.1 (kg/hm®), fefHE2e3% it AE
HEMN258.6-131.1 =71.1 (kg/hm?), FEM&H
I AL A 183.9 - 106.4 —87.6 (kg/hm?) .
3.2 it

i A B AL GE it IR A i N 249 kg/hm®
P,0, 94.95 kg/hm*, K,0 60 kg/hm* B, 7= 7F
22500 kg/hm® A2 470 Z AR B 7E B bR 57 = R
30 000 kg/hm® B e A ELERA rsd i, <A Wi

FEFK, WEWUDTETIE" MY Bhaf L ik =5
SRATE B 5 B IS 2 i v 0 B S R JB ) A A
w1 AR A, B M TR R R
E VS CEPAT 217 Eh ORI = Y NS A R i)
AR A BT 22 5 . ANEEAL K o= i 5 D
TEM E A A BYINCR, MTER & & ORI 5
PR — D EEE bR, AU R, BEE D%
PRI, PEENTER AR R R R,
AL W50 45 R R W, &R it K72 0 ~ 180
keg/hm® , BETEO ~106. 4 kg/hm*, #7E 0 ~ 87 kg/hm’
P i i S ) P 385 I3 Ay 5% i 2 3 v, I
S SGE AR E R & e, AR TN R e
(Rt A ) £ b ey 7 i M AR 2 P T ] &/, X
5 B 2 BT a5 R A

SE
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The effects of nitrogen, phosphorus and potassium application on yield and starch content of potato plants

WANG Tao', HE Wen-shou'* , JIANG Hai-gang®, WANG Yao-ke ', DANG Ke-ke ', ZHAO Xiao-xia' (1. The Agri-
cultural School, Ningxia University, Yinchuan 750021; 2. Agricultural Technology Extension and Service Center of
Haiyuan, Haiyuan Ningxia 755200)

Abstract: In this study, the effects of nitrogen, phosphorus and potassium application on yield and starch content of potato
plants were investigated by 311-A regression design in rainfed agricultural area in Ningxia province. Mathematic models be-
tween yield and starch content and the parameters of nitrogen, phosphorus and potassium amount used were built. Mean-
while, the main factor and interaction factor affected yield and starch content were analyzed. The results showed that the op-
timum nitrogen, phosphorus and potassium application amount to acquire the highest yield was 267.3, 139.0 and 82. 1 kg/
hm®, respectively, to acquire the highest economic value was 258.6, 131.1 and 71. 1 kg/hm’®, respectively, to acquire
the highest starch content was 183.9, 106.4 and 87. 6 kg/hm”, respectively.

Key words: yield of potato plants; starch; 311-A regression design; main factor; interaction factor

[ R3%5E 72 70

Effect of phosphorus levels on root morphology and rhizospheric characteristic between the different phosphorus ef-
ficiency cotton under sand culture condition

WANG Liang, SHENG Jian-dong, CHEN Bo-lang” ( College of Grassland and Environmental Sciences, Xinjiang Agricul-
tural University, Urumgi Xinjiang 830052)

Abstract; The experiment was conducted to investigate effects of different P levels (P, 0. 1 mmol/L, P, 5 mmol/L) on root
morphology and characteristics of rhizosphere in different P-efficiency cotton under the gravel culture conditions. Two differ-
ent P-efficient cotton genotypes (the P efficient ZM42 and the P inefficient XLZ13) were selected for the study. Crop bio-
mass, P uptake amount, root morphology, available P, pH and phosphatase activity in the rhizosphere were measured.
Result showed that under the sand culture cotton biomass and accumulation of phosphorus increased with phosphorus applica-
tion for both the P-efficient genotypes cotton. Root biomass, P uptake and root to shoot ratio of ZM42 was better than
XLZ13. length of fine root (0 ~0.4 mm) in ZM42 was looger than XI.Z13, and the proportion of fine roots in the total root
length was higher, which was helpful to promote phosphorus absorption of plant. When the phosphorus content in growth
medium was lower, to reduce the pH in the cotton rhizosphere also decreased. The pH of the rhizosphere of ZM42 was sig-
nificantly higher than XLZ13. Rhizosphere phosphatase activity of two kinds of phosphorus efficiency cotton was increased as
the phosphorus content decreased in the two periods. Phosphatase activity of ZM42 was higher than that of XLZ13. Thus,
there was a difference with rhizosphere mechanism between the two phosphorus efficiency of cotton in the same growth medi-
um, the change of root morphology characteristic of the P efficient cotton was one of the main mechanisms of rhizosphere
phosphorus activation.

Key words: phosphorus efficient; cotton; root morphology; rhizosphere characteristic



