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Effect of meat protein biological organic fertilizer on dry matter
accumulation, seed yield and quality of oilseed flax

YANG Tian-qing, GAO Yu-hong, NIU Jun-yi, XIE Ya-ping,
LI Chun-chun, TENG Yuan-yuan, LI Si-yan, REN Jin-hu
( Gansu Provincial Key Laboratory of Arid land Crop Science , College of Agronomy ,
Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: With no fertilizer as control, we studied the effect of dry matter accumulation, seed yield and quality of
oilseed flax( Linum usitatissimum L. ) by single application of chemical fertilizer, single application of meat protein bio-
logical organic fertilizer and different proportion of meat protein biological organic fertilizer and chemical fertilizer com-
bined application in the field. The results are as follows: (1) Meat protein bio organic fertilizer increased plant height,
stem diameter and promote the dry matter accumulation process of flax. After the bud period, the dry matter accumulation
rate significantly increased under 30% meat protein biological organic fertilizer instead of chemical fertilizer (T4), being
102.33%, 55.16% , 58.68% (P <0.05) as compared to no fertilization CK (T1) at flowering stage, fruiting stage
and mature stage, respectively. (2) The actual production per unit area under 30% meat protein biological organic fertil-
izer instead of chemical fertilizer (T4) increased by 73.66% , 17.49% , 13.74% (P <0.01) than no fertilization CK
(T1), single application of chemical fertilizer (T2) and single application of meat protein bio-organic fertilizer (T3), re-
spectively . (3) The different proportion of meat protein bio organic manure and chemical fertilizer improved the quality of
flax, the oilseed flax has the best oil content under 30% meat protein biological organic fertilizer instead of chemical fer-
tilizer (T4), The content of linoleic acid and linoleic acid is higher under 60% meat protein biological organic fertilizer
instead of chemical fertilizer (T5) . In conclusion, 30% meat protein biological organic fertilizer instead of chemical fer-
tilizer should be the best treatment.

Keywords: meat protein biological organic fertilizer; oilseed flax; dry matter accumulation; seed yield; quality
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B R ( Linum usitatissimum L.) 5238 B ALK T K
S 1) HSE AR B O Y R
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ARy A& T, 2 Tl B
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U160 SR AT AR 5K, 47 AT HLIE B AR IE 11 1
R P LE KT (Oryza sativa L.) . K 5. ( Glycine
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1.1 HREXHER
BT 2015 4 3—8 AEH M A =Mt &

R AN EFE AT, 2 8 il KBk =, A 34 <R
6.7°C ; 4E V- /K & 350 mm, PR 4 TP TE 5—7
Ao B 5O ME A BHZ (20 em) TIERLATAL
PEIRANZR 1 P AP0 6.7°C, JoARIH 120 d
KAy o FIAE AL FEFP T A RLALARR 2 3K,

1.2 K@%t

KPR 2 58 e R AL X 41500, % A AR CK
(T1) Bt AAE (T2) 5t R 2 AR A ALIE (T3)
30% WA A A HLIE A IE (T4) L 60% A 1
A YA HUIEEAALAE (T5) .90% R 2 1 A= 0 A HLIE
BARALIE(T6) o BRXTHRAM S AL B Wl B0 it FH A
HHIA], 4 N 90 kg* hm~2,P,05 75 kg*hm ™2 K,0 52.5
kg*hm~2, T3, T4, T5.T6 AbH FH AR P H A/ 5 /it
SRR AR A DU it o, Bt AT 1 0 D 3% 2,
B PRI AR A . LB BIE 3 i TR 3R (N
46% ) JLBEERESG (P,05 18% ) FIARERHH (K,0 50% ),
R IR A SRR A , A B AR A PUIE (e
AFEERKHEYA VLA RA R A, 85755 :N
3% ,P,05 2% , K0 1%, A HLIT = 30% , HLEE 1 =
8% , AHEMR =4% , T TR = 6% ) it 3] %5 /N X
WLIRBIREA L. BAAEEE S 3k, 3L 18 NX
INXE 5 m, FE 4 m, THAL 20 m*, ZNX[EGETE 30 em,
FEEAGEE 50 cm, DU B 1 m (IERYTT. APk
JKV 2 5 FPAE SR EE N 750 JTRK - hm 2, 554%  HB A 3
em, A7HE 20 emo /N EWE R —2, 8 2 700 m? -
hm ™2, 2353 F 43 2581 (1 200 m’ - hm ™) BLEF 1 (900
m’* hm™2) &AL (600 m’ - hm=2) #EE, 2015 4F 3
H 20 HFEF,2015 4F 8 J1 6 HUHK, A= 1A 108 d.
1.3 MEMBSAHZ*

Sy BIFE T U I BRGNS A
RI36 5 1 20.45.66.87 d 1 108 d, B /N X KA 20
PR, 7E 5255 28 I E P s (R AS RO S AR S T
ZEHL AR R RO ZE5EE8 ) , HA AR ZEFE 0 R
RS, THEIRA T 105°C R/ E 30 min, 1
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Table 1 ~ Basic physicochemical properties of experiment field

- AL £ TR AL AL
T . . .
Soil ¢ OM. Total N Avail. N Avail. P Avail. K pH
ot ype /(g'kg’l) /(g'kg’l) /(mg'kg’l) /(mg'kg’l) /(mg'kg’l)
P4+ Sandy loam 13.56 1.10 59.01 10.83 117.67 7.78
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Table 2 The fertilizer rate of treatment plots

M EA:

WAL

b7 N P,05 K0 Me?l pr}oteln
Treatment /(kg-hm™2) /(kgehm?) /(kgehm2) o0
Teatmer ¢ hm ¢-hm g*hm organic
fertilizer

/(kg*hm=2)
Tl 0.0 0.0 0.0 0.0
T2 90.0 75.0 52.5 0.0
T3 0.0 0.0 0.0 3000.0
T4 63.0 57.0 43.5 900.0
T5 36.0 39.0 34.5 1800.0
T6 9.0 21.0 25.5 2700.0

B RE/INKORFE 15 #RIEFT 2 N5, 43 310
EFRR AT ZEB L T2 25 0 B SRR 3 R SR R AR
B TR A B o ORI, 25 /N X BRI
LK SN B S FE VAN W TR 1 g By < MR AT AR
PRt Mg R P U - m IR AT, A
KT YR B N TP R R RS8R S
MR SE 2 - T ik

TR R E R (g-d™!) = TYRMALE
(g)/ TH R R B[] (d)

WG /N D IBUS RFFRL 400 g, 75 H T 48 4
P2 BE AT LT AN 5 I s H O I AR TR
SEJRRFR VYR A5 AR R P R S A R R 55 % 4 o
1.4 HiELE
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55 —e—T6
EL 40T
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JEACI , R AR R R A b (B R4 1,13 ~ 1.50
em+d™") o BUFEHILAHT (AL BUET 191) T2 Kb $HLPR = 14
KA, A AL = 2.67% ~ 20. 16% (1 1) AN
2.25% ~21.71% (W) (P <0.05) ., i 7E 50 K
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WAPIER ERR /N AW LLE T2 Ab BEIE H
BEWER , AR A 0 LR AR AR AR T 1% Ak 2815 5
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T2/ 9.31% (BEAEH]) (11.08% (F52H1).6.70%
(BT (P <0.05); %% T3 = 8.90% (KAL) .
10.19% (F 55 11) .3.58% (BLEAMT) (P < 0.05) ;3¢
TS 1 T6 AL FREAEWI S 1.32% ~ 7.35% . T2
5.66% ~6.37% JELAME 0.53% ~1.82% (P <
0.05), X VG 1E AT W LUS A & AW A FLAE X
A RRAR i 7 A S 2 ), ] D PR AR A AILAE X
HH RS A A 322 R AR SR AE B a1
2.1.2 AR EHGHa  HIE 1B AT, 540
PR 2SR 9 722 A S5 B A AR 7], AEAS [i] Bsf 19 2 A o
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Fig.1 Effects of meat protein biological organic fertilizer instead of chemical

fertilizer on plant height(A) and stem diameter(B) of oilseed flax
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2.2 AEREYENEMNBERTYRRBRESHEN
=AU
2.2.1 THRREZE mFE3 AW, BRI
THy AR B R T2 A PR, T1 AL PR AR
T2 4k PP E T LA AL B B S 4. 76% ~
37.50% (P <0.05); BLAE W 7.22% ~ 46.35% (P
<0.05) . T HAFE M 309 A0 LS 104k I8 X6 8 JRR 40 ot
FURMERZRCR LR & A A PR, SR F
FTHA P AE F R S R P A e R ARl - T4 TS
T1.T2.T3 S B3, T4 . T5.T6 [H] £ R A B %, T3
F T3S T 34.73% (P < 0.05), 5 T2 Jo i F 1k 2

S T4 BE TLLT2.T3 2 513N T 66.26% .
61.05% .35.93% (P <0.05),T4.T5.T6 ] 2% 5 A i
FLCTLUT2,T3 (8] 22 5N 35 iU R B 0y - T4 1L
T1.T2. T3 4353 h0 T 64.72% .40.59% ,28.07% ( P
<0.01),T4 4350 Lt TS T6 ¥/ T 12.47% .16.59%
(P<0.05),T1 5 T3, T2 4b P25 57 B 2, T3 T2 4b#f
ZhZESARE, TRAEE, AFENLUEREAE
Y1 HURE R AL AT A Ak #2 F9) Jo FL 22 0 S 388, 4
W R 2R AR A DUIE R VR T EL B e A B S W
X EH R TP i B R i A B

®3 HAEAEVANRERUENBRTURRREMNBNE/ (-4 ")

Table 3 Effect of meat protein biological organic fertilizer instead of chemical fertilizer on dry matter accumulation/ ( g*plant ')

pis: i 1] WA AL TS A
Treatment Seedling Budding Anthesis Kernel Maturity
T1 0.048 £0.001Dd 0.274 £ 0.006Cc 1.002 £ 0.001Dd 2.223+£0.002Cc 2.803 +£0.002Dd
T2 0.066 +0.001Aa 0.401 £0.011Aa 1.193 £ 0.007CDcd 2.295+0.035Che 3.284 £ 0.273CDcd
T3 0.051 +0.001Ded 0.298 + 0.007BChe 1.350 = 0. 150BChed 2.719 £ 0.038ABChc 3.605 +0.175BChe
T4 0.060 +0.001Bb 0.329 +0.007Bb 1.801 £0.147Aa 3.696 £ 0.003Aa 4.617 £0.200Aa
T5 0.063 +0.001ABab 0.374 +£0.016Aa 1.654 +0.001Aab 3.398 £ 0.259ABab 4.105 +0.100Bab
T6 0.055 +0.002Cc 0.318 £ 0.002Bb 1.546 + 0.019ABabe 3.030 £ 0.180ABCabc 3.960 + 0.095Babc

AN RS 5 R AL PR 22 53 35 (P < 0.05) AR B35 (P <0.01) . T,
Note: Different capital and small letters indicate significant difference at P <0.01 and P <0.05 levels, respectively. The same below.

2.2.2 FTHmARRRE @2 A, ARLHET
BHRR T B R R Bk LA W], 75 5 A
“PE— 1R A A, 0 R B I T R
RN, BAEH T B Rk, 752
T RN SR 35 B Fe K, BT ) o R R R
BN R E ARV A USR5 R4 A=
AT o R R S A AR 22 5, I I DA 4% Ak
LT PR R 22 S B0/, AT I LA 45 A 31 2
SERH NI, A= A ATUAE 1 45 A B T o AR Rk

o
_f_; E 0.121 T
2 010
]
o é 0.08
gfé 3 0.06
o
=004
==
K E0.02r
H- E 0.00 n Ed . . . |
T 9] L ) A W] T 1 A )
Seedling Budding Anthesis Kernel Maturity

4= W1 Growth stage

B2 AEEEDENEEAHIEXE K
THRRBRERHF
Fig.2 Effect of meat protein biological organic fertilizer
instead of chemical fertilizer on dry matter

accumulation ratio of oilseed flax

I RRC R AL A, DA 0 LR Bt b A5 P AS
[7i) S50 ol T4 S BR BRI B TSR] . B I
DART (ALHG B0 1)) T2 A 33T 47 Jo F Bk fse vmy, L
PRI < T2 AP T4 T B2 28 L At A B I
Wi 3.57% ~37.41% (P <0.05), BLEH8.06% ~
48.16% (P <0.05). B LG T4 L3R ) it
TR B 38 0, B A6 ) 523 B 01 40 ) b
X HE (T1) 341 102.33% . 55. 16% . 58. 68% ( P <
0.05).
2.3 HEBEMENEERKELETHRTY

R ERLE

A 3 AT 0L, N [A)Ah BER BE AR 7 30 A a0 i
JRRZE T4 I3 e o B 91 22 B s ST 38 s s/ N 1)
P AT o5 AR B R 5 5 T L 5] 328 ek
N8 GH ) BIF 7 HG A9 52 B0 A0 T 0 R i a4, 4
A B WIZEAT 5 R 28.00% ~ 64.88% ; M BT i
FEBI R 2.87% ~72.00% ; 46 (H ) B o5 EL ik 0 ~
51.00% . Jit JEA T4 5 48, v 59 R0 LR 4
T2 AEBEXTERR TP B mAE B B, 25 T i 3k
IR T2 L H A AL P = 5.56% ~35.71% (P <
0.05), A WIE 10.99% ~51.87% (P <0.05) ;I
T PR R B T2 Lo H At b 38 S 2.22% ~
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35.29% (P <0.05), AW 4.17% ~ 36.05% (P
<0.05), A LAE H BUAE 0 LA i A0 I8 0 40 31T
JEAR SRR AR, 1 B AR IE H A 25 5 WA . 3R
HIALLS T4 TH Bt R & T AL B, 25T
Jie R Bk T4 b At b PR AE W S 4. 00% ~
-68.93% (P <0.05), FLH M 1.91% ~ 57.02%
(P<0.05), i 7.48% ~42.95% (P <0.05);
MR T 5 RPN T4 b H A kb B % AR I =
7.85% ~60.09% (P <0.05), FEME 27.67% ~
66.95% (P <0.05), A 7 TH B h T3 >

T6 > T4 > T1 > TS > T2, °] LAF i AL HE A 12 i 2438
B, AR S A 0 A ATLIE e RE KRR 2R
91, Wl T 5 AR (SR ) R IR T4 b At 4k 7
A= 28.57% ~ 167.32% (P < 0.05), T30 =
9.46% ~74.92% (P < 0.05), AW 5 16.68% ~
98.21% (P <0.05), Al WEEMILUG NEEEYH
HIUIE AR B P it %) 4b 20 T4 Joa R 2 3 32 ) b e
AL FEWE T4 M N R, R E A E
YA HLE AN IE FC X A JRR 47 o FR 22 2R 55 B it
BB UL R AT
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Fig.3 Effect of meat protein biological organic fertilizer instead of chemical fertilizer

on aboveground biomass partition ratio of oilseed flax

2.4 AEBLEYEVENSHRKTENZME

T4 BoR, AR = 54 5l 22 58
Ko FZEDEECPMEBIRB - /RN T4
IR, T1 AP A FRRFFRLECH T1 &,
T4 e fif; TRLE B A ANIE], h TS Ab s, HK
JE T4, ATLUFE R A A0 HUAE AT D)3 i 0 R
149 43 ASCRSODA T 4 e R ) P AR 3 SR, (EL DA i
HRFPRIBCN N . 255 %8 T4 s, B

RIS T4 REFY 32 2540 A8k L Bk 9 SR B Rk
B TR0 BE H: A b B A 0B  T 12, 99% ~
64.15% .20. 94% ~ 52.09% .2.71% ~ 12.99% .
2.71% ~6.17% (P <0.05) . A7 [ FLSLPR™ i T4
AEFREE T, T2, T3 40 B 4r A 3G T 73. 66% .
17.49% \13.74% (P <0.01); T2. T3 ZbFR L T1 AL 3R
SR T 47.80% .52.68% (P < 0.05); T3 AbH
5 T2 pbHE2E AR,

®4 ABREEMEVRERUE K2R TN E T

Table 4  Effect of meat protein biological organic fertilizer instead of chemical fertilizer on seed yield and yield components of oilseed flax

bR ' Wk o
S RS R TRR SobRP it
Qb3 The number of Seed number 1000-grain
. Pod number . Actual output
Treatment main stem Jant per pod weight (ke hm-2)
effective branch pet plan /(grain* fruit 1) /g g
T1 24.17+0.05Dd 18.87 +1.06Dd 7.57+0.02Aa 8.91+0.05Cc 1025 +2.65Ee
T2 27.50 + 0.29Bbc 19.10 £ 0.34Ded 7.37+£0.17Aab 9.07 £0.02Chc 1515 +25.17CDd
T3 25.80 + 1.40CDed 20.77 £0.17Ced 7.17 £ 0.28 ABabc 8.94+0.15Ce 1565 + 28.31CDbed
T4 34.57+0.29Aa 28.70 + 0.08Aa 6.70 £ 0.03Cc 9.46 +0.02Aa 1780 + 48.05Aa
TS 29.47 +0.33Bb 23.73+0.52Bb 6.80 +0.01BChc 9.21 £0.05Bab 1690 + 14.25Bab
T6 24.27 +0.14Dd 22.53 +0.43Bbc 6.90 £ 0.05BChc 9.11 £0.05Chc 1615 + 22.54BChc
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2.5 AEBLEYAEVIEXT KSR
H 5 AT LAE H, AS R A 2T 8RR 23 3 2R A 4%
FlIR IR 0 22 S48 K, A i3 R Y0 T4 4b B A
L M EREL T T2, T3 43 5 1.55% 1. 32%
1.11% (P <0.05) , JMER%E T1 5 7.41% (P <0.01),
5 T2.13 2R A 0E; WHIIR SR TS &,
SRR 53 3458 1. T2, T3 155 3.18% . 1.92% .2.55%

(P <0.01), WiMER4> BIHE T1.T2 & 7.17% .2.10%
(P<0.01),5 T3 =5 AEE; MR T2 & T HA
IR 6.07% ~14.91% (P < 0.01) ; kR BR T2 fix i,
BT 6.00%(P<0.01),5 T3 25N NBE, 4
G, LA AR A YA HUIEE A A IE e Ak
PIRCRAAT, AT DL R AR A A PILIE 5 A e it
A JBRFE 5 i AT o

R5 AEAEVAVLE K AEX SRR & BRI 0E

Table 5  Effects of meat protein biological organic fertilizer instead of chemical fertilizer on seed quality of oilseed flax

yisi AR % WIHRRR/ (gokg™") MR/ (g-kg™')  BEREMA/(g-kg™") WM/ (gkg™")  FEMHER/(gokg™')
Treatment Oil content Linolenic acid Linoleic acid Stearic acid Oleic acid Palmitic acid

T1 40.54Cc 534.4Cc 122.7Ce 45.6Dd 201.2Bec 58.3Cc

T2 40.63Chc 541.0Bb 128.8Bb 52.4Aa 211.8ABab 61.8Aa

T3 40.72ABbe 537.7BChe 130.5Aab 46.8Dcd 207.7ABCab 60.7ABCab
T4 41.17Aa 547.9Aa 130.3ABab 49.4Bb 216.1Aa 61.3Aab

T5 40.93ABab 551.4Aa 131.5Aa 48.7Bb 214.4Aa 59.7Bc

T6 40.88ABCab 537.7BChe 123.1Ce 48.3Bhbe 204.8ABbc 60. 1BCh

3 ghgSie

AT B2 AR A 3 3ok 4 98 P A ) B
W, AP A 13885, 2 302E W 4 fif A8 h T LB
A, AR OR T . AT 4s RER T, TESA R AR
BT B AR A UL VR AN BA I, it £0 A Ak
PR R R T R BB K H b % 2R B
e A ML AR A 2., it PR 2 AR A LIS i Ak
PRbR R T B SRR b, FE WS BRI E
T4 L PRER R R = . T B AR R R i K, 43 BE T
ALFEEAN 7.68% 64.72% (P < 0.05) ; kb T2 Ab B
Jne6.70% .40.59% (P < 0.05); kb T3 4b B34 jin
3.58% .28.07% (P <0.05),T5 AbFH M5 K, 23 5
o T1.T2 F1 T3 AbFEE 32.69% .24.86% .21.75% ( P
<0.05), {HZ&MOIME ZEH . TR ZER
SR SAFEAAAR , UL IS [R] L) AR A LIS 5 Ak
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