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Abstract: Three field experiments were conducted independently at three places in Ningxia irrigated region by Yellow
River water to investigate the characteristics of N, P and K uptake of spring wheat at different growth stages. All the test
soil was irrigation-silting soil with middle fertility level. Two fertilization treatments were set up (N 225 kg/ha, P,05120
kg/ha, K,0 60 kg/ha and CK)with three replicates for each place . The results showed that application of N, P, K fertiliz-
ers remarkably increased grain yields, weights of dry matters,and N, P and K contents and accumulates . Whatever fertil-
ization levels, the above-ground dry matter accumulate increased with the growth stage and showed a typical S-shape.
There were two peaks of dry matter accumulation occurred at jointing and filling stages separately and each account for
about 30% of total accumulation.The contents of N,P,K in plants showed a downward tendency with growth stages; in
which a sharply declined from jointing to middle of filling stage and a slowly declined both in the eatlier times of tillering
and after middle filling stage were observed . Under all experimental condition, N, P and K accumulation increased with
both growth stages and fertilization rates, and the proportion of nutrient accumulate at different growth stages was almost
same. On average, N, P, K uptake accounted for 4% —5% ,20%—23% of the total uptake at seedling and tillering
stages . During jointing period, the absorbed rates accounted for 30% ,41% ,34 % , respectively, which was highest at this
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stage comparing with the others. The absorbed rates accounted for 14% ,12% ,10% at heading stage, for 29% .20%

26% at filling stage,for 1% —3 % at ripening stage . The uptake rates of N, P, K by plants were significantly positive cor-

related with the accumulated rates of vdry matters , but were significantly negative correlated with the contents of N,P,K in

plants either high fertility or low fertility .
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Table 1 Basic properties of the tested soils in experiments
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L OM To. N Tol.P Akahydro.N OlsenP  Exch.k PH(H:0) B3t
Field site (5:1) Texture
(g/ke) (mg/kg)
41 B F B\ Hongxing 5 10.5 0.78 0.68 67.2 10.9 145 8.0 E 3% Heavy loam
F K& Wangtaibao 10.1 0.71 0.67. 70.4 7.5 133 8.2 E % Heavy loam
R &Y Trial farm 11.5 0.84 0.68 73.7 11.2 154 8.1 E I Heavy loam
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12/6) 91d(FE ¥ J5 #5,26/6) \108d (FE B, 11/7) 7
FAFRERBEVLHE 3D 1m KT E, REEKE
WL, R, R TSR TS B REAREE BT R, TR
MABEERRREFRS, B TR, £ 40CKHET

Ht 3h, RIE KR E T+ E 105C &4 T 4t 8h, B3, 5K
&; AR EMST 20, BRE.ZEEER . #
BEMRER ERETFTR(BEE T BHEERKE
ZYMFRSFETRE , HBEEKRFES ZHE,
INEMME NP KEERNE: ZREMNETF
Y RE & R B, 72 A SR R0 X R ALl B/ 2 AR Ak
100 Bk (8T ) 3 50 #k (/)3 oy, W vk T
G5, SLEPBCA LA, 7E 85°C %544 T 4t 30min, R



63 X%, %: TEIREXEDMERRETHREEA B HFHRINER 791

TE65CHG TR 12 ~14h, TEMBELILES
Imm §f , FRAELTE L 0.25mm 7, R B H R
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Table 2 Wheat grain yields of three experimental
sites at different fertilized levels

7=H& Average of yield (t/hm?)

Trf:fem aBESB  EXB RERY j:i
Hongxing 5 Wangtaibao  Trial farm

NPK( -) 4.54 B 4.35B 4.58B  4.49

NPK( +) 6.88 A 6.76 A 6.96A  6.87

¥ Mean  5.71 5.56 5.77 5.68

¥: RPYEHIREEZHE, FAAFEERR 192EZRBE
K¥o

Note: Data in the table was the average of 3 replicates. Different letters
mean significant at 1% level.
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Fig.2 Accumulation of dry matter of spring
wheat at different growth stages
(SS—Hi ¥ Seedling; TS—4}EEH Tillering; JS—3K T # Jointing;
HS—#i#8 4 Heading; FS—E I Filling; RS— M3 Ripening)

23 HENEFALEBTHH LR B HSENT
Lo

Hb b ER (LG ZEFT M BB SRR TR
A B HERRBEKEMEETHARTS . B4
EFPEERE B BRSO FHSBEIEA Y &
TAMAELRE, 25 & H 92.7%.61.1%.31.1%,
EMEMAEREAG T, M ERE B HaRME



792 HYERSEB ¥R

12 %

WS RE My 2R ‘S Bl RE TR,
HTFMEEEREFSMETS (B 3),
E3ZFSL, AT ABBRALAEMN L TG
24d (4rBEH) B9 4.88% T &%) 100d (BLEH) M
1.45%  FEBFHFHTHRER 21.3%; FHEH
0.57% F 3 0.2%, FEBTHFHTHRNR

o
4

0.8

0.6

0.4

0.2

!

N, P, K contents
. B HEIETE %)
© EN
// o
¥} ‘ N

—— 0.0 L

16.4%; SHEMH4.17% THER 1.45%, 858 H
EH T HEEN 18.1%, AHELEESAERH
3.96% F %8 0.88%, SEEFH Y TRHRERN
24.0%; EHBEH0.41% FTHER0.14%, 54 F
FHTHERER 17.9%; SHEH 3.30%2 TH
1.28% , FEB TP THEEN 16.2%,

—e— NPK(+)
—a— NPK(-)

20 40 60 80 100 20 40

60 80 100 20 40 60 80 100

HEERE (d) Days after emergence

3 AELENH ISR B ESENTL
Fig.3 Dynamics of N,P,K concentration in shoots of wheat at growth stages
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Fig.4 Accumulation of N,P,K in shoots of wheat at growth stages
R3 BEMAHBLESNESETHRKE. B FHER
Table 3 Absorbed rates of N,P,K at growth stages for spring wheat with and withont fertilizers
N P K
sam mm L sale BB el suRe RR(O COR sgme RE(R)
Stages  Treat. (kg/hn®) % of total  Accum. (ke/h?) % of total  Accum. (kg/he?) % of total  Accum.
f:2g:¢ F 11.04 3.92 3.92 1.29 3.05 3.05 9.49 3.48 3.48
Seedling  NF 6.70 6.91 6.91 0.69 4.40 4.40 5.58 3.95 3.95
M 8.87 5.41 5.41 0.99  3.72 3.72 7.53 3.72 3.72
A EES F 58.62 20.80 24.71 8.47 20,01 23.06 62.35 22.86 26.34
Tillering ~ NF 20.25 20.88 27.79 3.15 20.17 24.56 31.92 22.60 26.56
M 39.43 20.84 26.25 5.81 20.09 23.81 47.14 22.73 26.45
WY H F 93.78 33.27 57.98 17.22 40.67 63.73 112.49 41.24 67.58
Jointing  NF 24.83 25.61 53.39 6.53 41.81 66.38 38.42 27.20 53.76
M 59.31 29.44 55.69 11.87 41.24 65.05 75.45 34.22 60.67
s F 44.00 15.61 73.59 6.08 14.36 78.09 29.91 10.97 78.55
Heading  NF 12.62 13.01 66.40 1.43 9.13 75.51 12.90 9.13 62.89
M 28.31 14.31 70.00 3.75 11.74 76.80 21.40 10.05 70.72
HEEH F 72.06 25.57 99.16 8.47 20.01 98.11 51.84 19.01 97.56
Filling NF 30.88 31.84 98.25 3.20 20.50 96.00 47.01 33.29 96.18
M 51.47 28.71 98.70 5.84 20.26 97.05 49.42 26.15 96.87
R F 2.37 0.84 100.00 0.80 1.89 100.00 6.67 2.44 100.00
Ripening  NF 1.70 1.75 100.00 0.62 4.00 100.00 5.40 3.82 100.00
M 2.04 1.30 100.00 0.71 2.95 100.00 6.03 3.13 100.00
Bt F 281.87 100.00 42.34 100.00 272.74 100.00
Total NF 96.98 100.00 15.61 100.00 141.23 100.00
M 189.42 100.00 28.98 100.00 206.98 100.00

B (Note) : FFEIEN 3 MAB A ZHE Data in the table are average of 3 replicates. F—Jifi i} Fertilization; NF— R}l No fertilizers; M—F- 33

Mean.

42.34.272.74 kg/hm?, B P B A B AL B n T SEBEA B HNRKEL S BRIKE 20%~
184.89.26.73.131.51 kg/hm®, N: P,05:K,0 35 2.91: 23% . RITHIRIF SR T, R OB B0
1.00:3.39, B BRI 29.4% \41.2% .34.2% . THEE
MRS HEELEYFHEGEIEL, B A B IOREKESSRKERN 14.3%.11.7% .
HEAMRKES BHKRENS.4%, 8.8 53.7%, 10.0%. EXPA B FHRKESBRKER
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28.7%20.3%.26.2% , "] LABE R R i & 1%
B, RBBA B FNREUEASBREKER 1%
~3%, BTAEEHA B AN ERRKE SR
189.42.28.98.206.98 kg/hm®, N:P,05:K,0 7 2.85:
1.00:3.76, BR ¥ B 100kg B F R B, BE R UK
BB BB BE KB A (N)2.85kg, BE (P,05)
1.0kg .48 (X,0)3.76kg.

2.5 BEMER B HREBES THWRERURE

RE. B HEBHRXXER

MEAM (R OERH, BMERAETHA.
BARPRKBZARESTYRMBEREZE
ARBBEEMX, MEEKEARL B HFEEZ
] 2 A% B RAER, R T IR A B4
FERSTYRARE K59 BRRIKE 0t
EMBERMR XFMEMESHERAT =R
FFK.

R4 TORRVBEE B ASRRARTEZ IHEXRE(r)
Table 4 Correlation coefficients of both biomasses and N,P,K contents of wheat at growth stages

%A TY " HEHRENE HESPE HEESKE % NE RpP&E
Ttems DM N content P content K content Uptake N Uptake P
(+/hm?) (%) (%) (%) (kg/hm?) . (kg/hm?)
FEABAL R Fertilization

FEHE NE Ncontent(%) -0.9743**

RS PE Pceontent(%) -0.9673%* 0.9911* *

FEMRS K& Kcontent(%) -0.9928% * 0.9800* * 0.9860 " *

% N & Uptake N (kg/hm®)  0.9318**  -0.9838* * -0.9872* " 0.9548™ *

% P& Uptake P (kg/hm?)  0.9660* *  -0.9937* * -0.9797* * -0.9676* * 0.983¢**

% K & Uptake K (kg/hm®)  0.9008**  -0.9715** -0.9644* -0.9190* * 0.9914* * 0.9790" *

AHEARAE3E No fertilizers

FBRE N Ncontent(%)  —0.8665"

YRS PE Pocontent(%)  -0.9582* * 0.9548* *

%S KE Kcontent(%)  -0.9563" * 0.9242**  0.9752* *

% N B Uptake N (kg/hm?) 0.9749**  -0.9537** ~0.9938" * -0.9817**

% P & Uptake P (kg/hm?) 0.9530" *  -0.9621"* -0.9658" * -0.9633" * 0.9856 * *

% K & Uptake K (kg/hm?) 0.9721"*  -0.9558** -0.9811%* -0.9633* * 0.9948" * 0.9928* *

H(Note): *, % * PRFERN P =0.05,0.00 lHBEKXKTF, *, * % Mean significant at 5% and 1% levels, respectively .

3 /NG

DESRR T EEAZGT AR B.FES
AFEREAH L, P ™= 52.8%, TR ERE
BE 73.1%, RBRBIE B R IE LD 8 m
190.6% .171.2% .93.1% , &= FHEKE B .G85
BV 5R 5 92.7%.61.1%31.1%

DERBRFET ., FENEFAREETHTYRN
RRBHMASE" MR K  HIESFEELEE
EEHNERLAREA -, TYEEHRNSEY
FEHAERTHMERY, &5 8 BHEBH 30%
EH,

NRBEREH, FIER L EA B HEE
FEAEHMERKEMATREE ERNETE
FER P R B OK, T T 20 BE S DA R RN B R o
BUBZEER N, RBLHEE ETFHEKRA.

BATEFHTHESTHNN 21.3%.16.4%.
18.1% , AMELBE Y FTRERLHH 24.0%.
17.9%.16.2%,

)RR A B B A R BRI BB A B R BUE
KM, BEEARETRBERKEAR, EESR
FEAE AL 28 & A B 29 B9 A8 X IR IR B AR E . 343k
EHPNRA B AHRKEAS S RIKEN
4% ~5SNIEH , T EEM G 20%~23% , R B EFE 4
R R R, A BB RR B S ARk E
9 30% \41% \34% , TR &5 14% 12% .10% , WX
B 29% 20% 26% , REBEHA 5 1%~3% . K&
RKERE, B 100kg TR =BEEER KA.
B F RO BE KRB A(N)2.85kg B (P,05)1. 0kg 44
(K,0)3.76kg.

SIARBREES , ENERA B PFERRKE
STYRMEBEZAHERBEEMEL, 5K
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