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Effect of phosphorus fertilization on physiological
parameters and yield of oilseed flax

WU Bing'?, XIE Ya-ping®*, NIU Jun-yi>*, FANG Zi-sen’, GUO Li-zhuo*, YAN Bin**?
(1. College of Life Science and Technology , Gansu Agricultural University , Lanzhou, Gansu 730070, China;
2. College of Agronomy , Gansu Agricultural University , Lanzhow, Gansu 730070, China;

3. Gansu Provincial Key Laboratory of Aridland Crop Science , Lanzhou, Gansu 730070, China)

Abstract: A field experiment was conducted to determine the effect of different phosphorus rates (P,0s: 0, 75,
150 kg*hm~? and 225 kg*hm~2) on grain yield components, gain filling, growth rate, phosphorus uptake rate, oil yield
and phosphorus use efficiency. The results indicated no significant effect with respect to number of capsules per plant and
number of seeds per capsule, while 1000 — seed weight, seed weight per plant and seed filling period were obviously in-
creased by 10.09% , 23.01% and 7.62% , respectively. And biomass growth rate, economic growth rate and seed
growth rate, P uptake rate, economic P uptake rate, and seed P uptake rate were also increased by 31.40% ,37.84%
and 29.57% , respectively. Phosphorus use efficiency was reduced by increased phosphorus fertilization, in spite of in-
crease in seed yield (16.97% ) and oil yield (17.93% ). Seed yield has significantly positive correlation with economic
growth rate, seed phosphorus fertilizer weight per plant, 1000-seed weight, seed filling period, biomass growth rate,
seed growth rate. For obtaining high production and efficient phosphorus fertilizer utilization in oilseed flax, optimal
phosphorus application should be 75 ~ 150 kg*hm~2(P,05) in Lanzhou experimental area.
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BARE ( Linum usitatissimum 1. ) 2 B 15 22 [ 1081 {a R A TR B LA T BRI R R At s 2o =) s
Ve Z — , fE At S s X A Tz o, 73 AT A JROFEFISH BRI 5 TR PR R DI RE T ff M52 1Y
AT PG AR X 2 BRI S A 2B TR XTI 7R H 254K o

Y # B #:2014-12-17

E&TIE R AR R BRI (CARS - 17 - GW - 9)

EE®E R K(1981—), 55, TEERWA B, PHn, EENFEYAE K 54 BAESPI . E-mail: wub@ gsau. edu. en.
BISMESE AR L (1957—), 5, 0% AR 0, E 2N FHED G 54 A 0758, E-mail: niujy @ gsau. edu. cn,



51 ES

SR A X PR A 1 AR R IR SO FH 3R B HL = 4 52 115

B it FH B I 2 28 0 A A5 o W BT ™ £ 1Y
HERZEMZ —. AU RY, B AR GE 42 & i
PR P 4 5 (EL A X 7= R 5 i A 0 55 485
RIRHAANF, Pande 2555 B 5% 22 W1, Wi i i 2 33, 91
JRFE L BB 3 SRR I ; Hamdi 2516/ BF 5% 2 9, w AT
X BROFFHL LA 35 SR B0 A5 5200 5 T Sinha A1 Saxe-
nal TVRIRFEAG HY i B S it P R 55 000, AR 5 S
INo BEREASE M SRR AE KR B, 30 AT IR 5 i A I
WA . R, H TG T80 I X0 i RR AR K O B
BHEAAE i A KR T A K R PR AR R Y
W S 23 R P 28 T R A 238 A RO e 1) W AT 32 4
TEELD o ST BT R b H JRR 7 B R A DG AR 3R
PESZ 0 A 58 TR 6 I o AR SCRIFSR T i X0 RRFF
o R Gl R AR AR ROR B TR
DA K i NE A PR B 52 60, Shy S B0 SRR L 5 7 0 5
JE = R P B2 BERL 4840
1 MRS
1.1 iR5e#4

PEREA IR RO P24 157, b 2 i F2 4k
v, B H A ROl B B
1.2 A&

IR T 2012 4 3—8 ATEH N & 2= M it b B
R HEAT . A X 3 b s + |, 36 Fhi
I 0~ 30 em 12 HHEAHUR 12.90 g kg™ ' 4
A 1.01 g-kg™ ' Bl A 56.37 mg- kg™ ' HAL#E9. 27
mg- kg™ VIR 104.74 mg-kg™'o

TR R Ut A% R B PR R B AL IX 2H i, i
WIS BEIRES (5 P,0s 12% ) VE WAL, jiti % 12 (P,05)
BN AR i = 4 KF, 435008 PO: 0
kg'hm_z;P’75:75 kg'hm_z;P150: 150 kg'hm_z;PZZS:
225 kg-hm ™2, REX LA PO X IR, 3 IREE 12 4
INX o NXTEALA 20 m? (4 mx 5 m), /DX [A] AR
6] 535135 B 30 em .50 cm FEAGIEIE , DU TE N 1 m
PIERIAT . FIAESEE BE R E N 7.50 x 10°8k - hm ™2, A
T4 151K 3 em, F7HE 20 emo 1 JARRER N (50% )
VEEPAE , B0, it A 52.5 kg hm~2(K,0). 3 H 24
H#EFr, 8 4 H U, 51 R AR < 1] 1] 3 R 2 40
2700 m®+hm~2(43rZE8] 1 200 m® - hm =2  FLEFH 1 500
m’~hm~2) , HE By A — K
1.3 MEMBSAH*

TSR EHRR 7 B A8 A A s B B ], X 5
AN/INX 50 % ARARFF AL 72 SO BEAEI , B~/ X
75 % {135 S B0 000 S € Pt o SO IS Rl

B/ X A S AR AR 30 #K, Tl B 20 M
R E TR 5T (B R ERFPRLLAS MR 53 ) ZERFERL
FAHRAE T 105°C AT 30 min, 15 76 70°C 4L 546
i

I ER R BB A BTy B, AR T
H 5 BRI RE SR HyS0, — Hy0, TH A FIHLAH 2
B e300 5 B A (U ) o R S SR 5
ZAEHN A AP A Bl g o ™ & iy il 2 feky
AN U C

BN/ X HLIR 25 B —DHEAS = N %
Aol 05 AR 3 R A R SRR RL R TORLE B RR AR
7RI AR

A RN R TR

A5 A K R ( Biomass erowth rate, BGR) = W3k
Af b b FR T A REG

25354 K 2 (Economic growth rate, EGR) = 7
e VEN-EIPS ¢

KR K% (Seed growth rate, SGR) = #Fhi =4/
FERLE S RS

T AT U (Phosphorus uptake rate, PUR) = {3k
18 B i 0 T G VA R SR E PN 1 €

W 22 55 SR (Economic P uptake rate, EPUR)
= FPRLH BRI /A B A REG

FFRLBE I ICR (Seed P uptake rate, SPUR) = f
LT STVE A TRE ¥ SN

WA RT3, 3% Fageria F1 Baligar[ 010
A
WA 7R FHSIC% (Agronomic efficiency, AE)

S-S
AE:JT “(kg-kg™") (1)
Wi NE A= BRI FH 3% (Physiological efficiency, PE)
Y, - Y,
Y o]
PE_P/-— P, (kg-kg™") (2)
T AR 22 A1) FH 2R ( Apparent recovery efficiency, ARE)
P-P
ARE = —% x 100% (3)

AR (D Sy SR HBE X ™ 5, S, J& A i X ™
i, PORBEICE R () Y, SRR AR YOI I
i BT, Y, SR A XA E ORI b 143
THE, Py o2 i B3t DX AR ) WSO I b 5 ) R Al L
P, At XA I 3 sl b b 3 ) W s B (3)
PP, 1P AR T A (D) F(2),
1.4 HiELE

K JH Excel 2003, SPSS 16.0 4t it 8 4F R4 7 50
HE PR B VR



116 T2 X AR A5

5 34 45

2SR50

2.1 BEXFEEFFEEROFE

TARRE S ) 25 S JROFF L 7 A R (B 1
FIE 1A) o 5T REAR e, AR8E P sk s 87K
HH R AT R 7 A 4r B T 15, 11%, 20. 53% A
15.28% , A . H Bt o W 7K AR 1 25 AN I

FE(P>0.05); At it St ab B R 22 57 B3 (P <
0.05) o =R v Bk 35 JRAORN B3 R R B 32
TR ek S T, T B R LR ™ e it 8 o 34 o e
HIEIR/N (R 1) o SOARTERER L, Tk FE ARHE
WA W K 3 R T 8.50%, 11. 67% A
10. 11 % ; FRBRFF R 23 45 55 1 18.43%,25.88%
24.71%,

R 1 TREBHEKF THRIFH 2R

Table 1 Yield components of oilseed flax under different P levels
Ab 3 Li7SIiE S ST 42 TX TFHrE /g FRRFFRLE /g
Treatments Number of capsules per plant Number of seeds per capsule 1000-seed weight Seed weight per plant
PO 18.30 b 9.28 a 5.9 a 0.85b
P75 21.30 a 7.68 b 6.50 a 1.01 a
P150 20.10 ab 7.39b 6.69 a 1.07 a
P225 22.20 a 7.53b 6.60 a 1.06 a

AR/ NSRRI B 225 B3 (P <0.05), T,

Note: Different small letters indicate significant difference among treatments at 0.05 level. The same below.

o
=4
f=J

2400 A
2000

‘g

£ 1600

. T

o

FHE 1200

Pl

4w

&~
f=3
f=}

(=}

Jifi 1% & Phosphorus fertilizer rates

1000 g
a
800 a
~ it
< e v ploseid
£ b B
Tzooor g R RS
.2 [ e X5
LIRS (X 950553% 050555%
= [RRKY 13058529 ol
= = 1565054 2020 150585
HE 5 ke R
A = P Pt <2545
SO0 B RS
= R RS 2
- 50554 14504 026302
= ks e K
’ 54 K& ke
K5 e R
200 F [ K Boatess!
e 5 5
[2€252¢)] I
{2 <%
[ 5% X5
e 2554 %
[ K
0 [O0 X4

C P75 P150

Jifi %% = Phosphorus fertilizer rates

~

B 1 AEBEKT T8RRI~ ENm 8
Fig.1 Seed yield and oil yield under different P levels
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Table 2 Growth period of oil seed under different P levels

HE ~ JFAE/d W~ A RPRDES
Jb3 o
Emergence Emergence Seed filling
Treatments . .
to anthesis to mature period
PO 77 a 112 b 35b
P75 76 ab 113 ab 37 ab
P150 75 b 113 ab 38a
P225 76 ab 114 a 38 a
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Table 3  Biomass growth rate, economic growth rate, seed growth rate, P uptake rate, economic P uptake rate,

and seed P uptake rate of oilseed flax under different P levels.

AEPRERR SRR FPARLAE KR WA R W2 TR R 4 A
Qb B Biomass growth Economic growth Seed growth P uptake Economic P Seed P
Treatments rate rate rate rate uptake rate uptake rate
/(g'm’z'd’l) /(g'm’z'd’l) /(g'm’z'd’l) /(mg'm’z'd’l) /(mg'm’z'd’l) /(m.g'm’z'dfl)
PO 5.18b 1.40 b 4.48 b 34.53 ¢ 14.77 b 47.28 b
P75 5.70 a 1.60 a 4.87 a 41.56 b 19.15 a 58.47 a
P150 5.76 a 1.67 a 4.97 a 47.06 a 20.63 a 61.33 a
P225 5.66 a 1.58 a 4.75 ab 47.58 a 21.32 a 63.97 a
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Table 4  Oil content, apparent P recovery, physiological efficiency, and agronomic efficiency of oilseed flax under different P levels

iR S LLESURINEES PR ACERI
s : . ‘ o IRV, o R
Treatments Oil content Apparent P recovery efficiency ysiological use efficiency gronomic use efficiency
/ % / % /(kg'kg_]) /(kg'kg_l)
PO 39.20 a — — —
P75 39.10 a 11.05 a 76.97 a 3.16 a
P150 39.39 a 9.67 ab 48.88 b 2.14b
P225 39.28 a 6.16 b 46.75 b 1.06 ¢
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Table 5 Pearson correlations among yield and physiological characteristics.
g M RE B .o WK EWE SRR B Bims R R
TH Cew e ok DET ww o i kR ERE BIGK FIRICK OBIE  Sed
SWp NCP NSC SFP BGR EGR SGR PUR EPR SPR yield

?Wﬁﬂfﬂ*iﬁ — 0.800 -0.990" 0.996" " 0.996" " 0.965" 0.949 0.886 0.976" 0.990" 0.982"  0.974"
fg}?iﬁ%ﬁ — -0.814 0.764 0.797 0.771 0.643 0.564 0.768 0.855 0.882 0.695
Ay
%*T*A\L?& — -0.993""-0.973" -0.991"" -0.966" -0.922 -0.936 -0.971" -0.966" -0.983"
TR E _ x x x * * * »
1000SW 0.986 0.979 0.973 0.922 0.960 0.974 0.964 0.990
SHE A kT
fﬁ;ﬁﬂﬂﬁj — 0.937 0.922 0.846 0.992° " 0.995°" 0.987° 0.954"

HH KR
g:ékg;tkk? — 0.982° 0.959° 0.88  0.931  0.923  0.987"
LAV LR
ggﬁikﬁ — 0.986° 0.877  0.896  0.878  0.99" "
FPRLAE K _ .
SGR 0.785 0.814 0.796 0.967
BRI CR _ »
PUR 0.985 0.976 0.915
TS U ES _ . x
EPR 0.998 0.933
ag AT U ES _
SPR 0.917
FEHE Seed yield _

1 Note: SWP—Seed weight per plant; NCP—Number of capsules per plant; NSC—Number of seeds per capsule; 1000SW—1000 — seed weight; SFP—
Seed filling period; BGR—Biomass growth rate; EGR—Economic growth rate; SGR—Seed growth rate; PUR—P uptake rate; EPR—Economic P uptake rate;

SPR—Seed P uptake rate, *
the 0.01 level of probability.
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