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Effect of density and nitrogen on water and nitrogen utilization
and seed yield of oil flax
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Abstract: In order to clarify mechanism of water and fertilizer utilization and establish an optimal cultivation
mode in arid land farming of oil flax, a field experiment was conducted with two-factor randomized block test, three
planting densities (4.5x10°, 7.5x10° plant - hm™, and 10.5x10° plant + hm™>) , and three nitrogen (N) applica-
tion rates (0, 75 kg + hm™, and 150 kg + hm™). The effects of density and N application rate on variation of soil
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water content, soil water storage, yield and yield components, water and N use efficiencies were studied. The re-
sults showed that variation of soil water content in 0 ~60 cm soil layer was reflected at the stage from seedling to
fruit stage under density and N fertilizer treatments, besides for optimal treatment in N, D, up to 15.52%. Fertilizer-
water coupling advantage appeared in N,D, treatment, which had an average soil water content of 18.25% in 0~
200 cm soil, and the soil water storage in the 0~200 cm period during the growing season also increased by 4.62%
compared with the lowest treatment N, D,. Grain yield and water use efficiency had obvious positive effects on N ap-
plication rate, yield and water use efficiency under high N level (N,) increased by 14.97% ~16.05% and 7.14% ~
21.75% compared with the levels of medium N (N,) and no N (N,), respectively. The yield of oil flax increased
first and then decreased with the increase in N application rate and density in the combination treatments, the varia-
tion of grain yield were 66.58 ~171.64 kg - hm™> and 32.42~68.47 kg + hm ™ with the amount of N application and
the density, respectively. It confirmed that density increasing had no significant effect on oil flax yield and water use
efficiency for highest yield under 4.5%10° plant + hm™, reaching 1 802.00 kg + hm™* and 7.87 kg + hm™ « mm™".
N application significantly increased the N uptake of the plants, high N (N,) and middle N (N, ) increased by
82.21% and 57.55% , respectively, compared with no N (N,), while the average N utilization decreased with in-
creasing N application rate and density. Nitrogen utilization rate under high N (N, ) level significantly reduced by
42% compared to medium N (N, ), average N utilization rate in high (D;), medium (D,) density and lower den-
sity (D,) treatments significantly reduced 58.45% and 35.19%, respectively. In the experimental treatment inter-
val, high N combined with densification was not conducive to improving N utilization, the N utilization rate of medi-
um N (N,) low density (D,) amount to 64.3% , which was an optimal combination. After the interaction of density
and N fertilizers, the numbers of branches and stems were affected by the density more than the amount of N ap-
plied, while the 1000—grain weight was more affected by the N application rate, the 1000—grain weight variation
reached 0.04~0.29 g under the three N application levels. There was a significant correlation between grain yield
and effective number of stems (0.688" ), effective number of branches and number of effective capsules
(0.877" ). Therefore, the increase in density had no significant effect on water use efficiency and yield, the appli-
cation of appropriate N fertilizer promoted the effective utilization of water in the early and middle stages of flax and
increased the N utilization rate. The yield and water use efficiency of flax were significantly increased. In this exper-
iment and similar farmland ecological type environment, the nutrient management model of 75~ 150 kg » hm™ N
application rate and 4.5x10° plant - hm™ planting density can be used as a suitable reference for the efficient pro-
duction of oil flax in the arid and semi-arid regions for the Loess Plateau.

Keywords: oil flax; interaction between nitrogen fertilizer and planting density; WUE; nitrogen absorption

and utilization rate; seed yield
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Table 1 Planting density and nitrogen fertilizer of different treatments

pisi A/ (kg - hm™2) W/ (X104 - hm™2)
Treatment Nitrogen fertilizer Planting density
NoD, 0 450
NyD, 0 750
NoD; 0 1050
N, D, 75 450
N,D, 75 750
N, D, 75 1050
N,D, 150 450
N,D, 150 750
N, D, 150 1050
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Fig.2 Vertical change of soil water content during oil flax growth stages under different treatments
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Table 2  Effects of different density and N fertilizer on oil flax yield component factors

fbm AR ZERL AR R A RO AL AR THE
- Effective sub- Effective stem Kernel number Seed number 1000—grain
Treatment . . .
steming number branching number per plant per kernel weight/g
NoD, 0.32b 15.16¢d 9.80d 7.41abe 7.32ab
NyD, 0.24bc 14.93d 10.38cd 6.73b 7.01bc
NoDs 0.31b 16.33¢ 13.44¢ 7.02ab 7.03bc
N,D, 0.29b 22.31abc 14.87bc 7.40abc 6.89¢
N,D, 0.44abc 16.67¢ 11.44c¢ 6.29b 7.17be
N, D; 0.40abc 22.69abc 15.53abc 6.96b 7.20b
N,D, 0.18cd 16.73¢ 10.64c 6.58b 7.56abc
N,D, 0.09d 17.76bc 12.04c¢ 7.22ab 7.14bc
N,D, 0.18cd 15.16¢d 8.18d 6.93b 7.43abc

1 RPN R R 22 57 .3 (P<0.05) , R,

Note : Different letters in the same column mean significant differences among treatments ( P<0.05) , the same below.
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Table 3 Effects of different planting density and nitrogen

on oil flax yield and water use efficiency

fbam Z?Eﬂﬁﬂ(i. ?FH‘VFE% 7J<ﬁ}7F'JFH§‘5('$
Treatment Water consumption Grain yield Water use efficiency
/mm /(kg-hm™?) /( kg hm™? - mm™)

NoD, 208.75 d 1456.75 d 6.98 be
NoD, 224.00 cd 1696.83 b 7.58 ab

NoD; 235.95 abe 1516.75 ¢ 6.43 ¢

N, D, 247.20 ab 1553.17 be 6.28 ¢

N,D, 247.70 a 1314.75 d 5.31d

N,D; 231.00 abc 1602.67 be 6.94 be

N,D, 228.83 be 1802.00 a 7.87 a

N,D, 229.23 be 1593.50 be 6.96 be

N, D, 233.43 abe 1789.75 a 7.67 a
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Jit 8L et IR 85 R iR A R AN, L
LN, ) A B 20 2 W M) FH R 3 A 42.0% 5 85
(Dy) A EE (D) P31 A R A FH 255 i A 5
(D, ) AbBR 5 2 FEA 58.45% F1 35.19%, 7] W, , 3t it
R BERS N E WIS, H s S 3 s B 2 R T
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Note: Different letters above the bars indicate a significant difference in water use efficiency among treatments ( P<0.05) same water use effi-

ciency of nitrogen and planting density.
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Fig.5 Effects of water use efficiency under different treatments
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Table 4  Effects of nitrogen content and density interaction on nitrogen absorption and ANRE of oil flax

Kb A EW Wit Nitrogenabsorption/ ( kg + hm™2) AR WICR FI % Apparent nitrogen recovery efficiency/ %
Treatment D, D, D, S5 Average D, D, Ds P15 Average
Ny 43.3b 52.8b 60.9b 52.3b
N, 91.5a 80.9a 74.7b 82.4a 64.3a 37.5a 20.0a 40.6a
N, 97.6a 94.7a 93.6a 95.3a 36.2b 27.7b 21.8a 28.6b
P4 Average 77.5a 76.0b 76.4b 50.3a 32.6b 20.9¢

E 35— AT P E R AR TR R Ab IR 22 5 3, R Bl o R B BB R 22 57 .3 (P<0.05) .
Note ; Different lowercase letters next to the average values of the last row indicate that there was significant difference between the treatments. Among

the rest of the data they mean significant differences between the values in the same column (P<0.05).

25 B EBSEROEEH ®5 mERESHHH
T ERR I WA ) 85 R RN 4D BR T BE K R B Table 5 Model regression parameter estimation
Bl R 28 B KT AR A A IR R % B AR 5 B RS o »
%nglﬁ]ﬁﬁ E"J/ﬁii ~ /% , X{T‘;H\:ﬂfﬁ? [EI UE[ %*ﬁ ’ 1%: Parameter Standard error t value

U 7RI 507 )7 o 7o 20
1947 — 2.3 13 0.03 ) -2.3 4.425 -0.524 0.637
y = - 9%, -9%y + U.05x) -1.3 2.059 -0.634 0.571
+0.001a2 - 0.001x,x, (R =0.55") 0.03 0.022 1254 0299
: . e A A [ 0.001 0.001 0.701 0.534
Sy R A« RIS ., 0% 000 o

i S PR RE R Ry 1A R A, AR R 2
BOAGTT UL 5, 2R 50 Il A B HY 3K 31 B 25K (P <
0.05) . MEEE  AIE 5™ & B Y 1A H & ()& 6) AT
L AN S 2 ] = A M AT
A8 RUIE 25 B AL 3T SRR ™ B AT e K RN B /IMEL,
et B HE B R IR K, vl 23 0 v RUAE 7K
R B R AME . T RS BR  F
A Z ] Y 22 5, R L 0E g5 AR U R
A5 T S B = A 5 SR 7 1 5k 2 (S B o -
TR Wk 6, Hrh ND, \NyD, N,D, N,D,4b
PR SEBR 7 AR T OB~ 54, NyD, N, D, N, D5,

*Yield/(kg « hm )

]

w

N,D, N, D, &b # T 5E B 7= & 5 1 i 4 7= &, Hop s - s 8 =
N,D, \N,D, N, D AL 45 S REAR S0 It e Planing ferioerEs

T UYL, 43 90 e i T (R 3. 38% ., 2. 46% Fil 6 EE.RRSFENEEE
1.98% ., Jﬂﬂ,ﬁ*% N,D, .N,D, b 3K S AE S R Fig.6 Regression relationship between density,

SRR T B P A nitrogen fertilizer and yield
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Table 6 Final yield and forecast comparison

Qb3 SMUTES T 2%
Treatment  Yield/ (kg - hm™) Forcast/ (kg - hm™) Residual
NoD, 1456.75 1550.89 -94.14
NoD, 1696.83 1500.01 196.82
NoD; 1516.75 1619.43 -102.68
N, D, 1553.17 1502.37 50.80
N,D, 1314.75 1433.43 -118.68
N,D, 1602.67 1534.79 67.88
N, D, 1802.00 1758.66 43.34
N,D, 1593.50 1671.65 -78.15
N, D, 1789.75 1754.95 34.80
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