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Effect of planting density and N application rate on growth,
yield and quality of malt barley
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Abstract Split-plot design was carried out to study the effect of planting density and nitrogen application amount on
growth.yield and quality in malting barley named Ganpi 4. The main plot was planting density (D) at three levels,3.25,
3.75 and 4. 25 million/hm? , marked Dsys » Dass, and Dags »and subplot were five N application rate(N) level at 0,75, 150,
225 and 300 kg/hm? ,marked Ny , N5 Nigo » Nass and Nago . The results showed that: The effect of density on the content of
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nitrogen, phosphorus and potassium of plant, SPAD value of flag leaf, the length of peduncle and main quality traits were
not significant,but all significantly affected plant height, stem diameter, leaf area of the flag leaf and ear bearing tiller
percentage. Plant length, stem diameter and leaf area of the flag leaf were all significantly positively correlated with N
application rate. The nitrogen content of plant, spike length, grains per spike, seed setting rate, grain yield and protein
content showed a significant increase with the increase of nitrogen application rate. However, the spike number, spike
rate and 1000-grain weight increased first and then decreased with the increase of N application rate, the starch content
showed significant decreased with the increase of nitrogen application rate. Planting densities and N application rate of
interactions only has remarkable effect on plant height, stem diameter, earing rate and spike grain number, but were not
significant effects on the rest of the indicators. The stepwise regression equations between grain yield (Y) ,crude protein
content (Y;) and planting density ( X7),N application rate ( Xz) were: Y = 12.627 + 0.007 Xs, Y, = — 27 161.600 +
161.645 X; —0.216 X;? —0.003 X3? +0.015 X; X Xg. Considering the indicators, when the Ganpi 4 planting density
of 3.85 million/hm? ,N application rate of 124.71 kg/hm? , which can improve both the yield and the quality at the same
time.

Keywords barley; N application; density; yield; quality
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Fig. 1 Effect of N application rate on N,P and K content of malt barley at different planting density
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Fig. 2 Effect of N application rate on SPAD value of flag leaf of malt barley at different planting density
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Table 1 Effect of N application rate on agronomic characters of malt barley at different planting density
it F bS] -3
Index Treatments N N N Nz R Average
Diss 50.04 ¢ 63.63 b 65.30 b 71.59 a 66.80 b 63.47 a
R /em Dyzs 57.03 ¢ 58.25 ¢ 59.53 be  62.00 b 70.60 a 61.48 ab
Stem length Diss 47.88 ¢ 58.45 b 57.70 b 60.94 b 67.69 a 58.53 b
S Average  51.65 d 60.11 ¢ 60. 84 ¢ 64.84 b 68. 36 a
Dsss 2.68 ¢ 3.32 b 3.25b 3.21b 3.58 a 3.21 a
ZEFFE AR /mm Dyss 2.98b  3.04b  3.14ab  3.09b  3.33a 3.12 a
Stem diamete Di2s 2.57b 2.93 a 2.79 ab 3.02 a 2.94 a 2.85b
SE-#4 Average 2.74 ¢ 3.10 b 3.06 b 3.11b 3.28 a
BEF WA/ em D5 15.76 ¢ 18.14b  18.10b  20.96a 19.09 ab 18.41a
First inter node Dass 16. 06 ¢ 18.58 b 17.64 be  18.40 bec  22.90 a 18.72 a
length counted D5 15.63 ¢ 15.68 ¢ 17.80 bec 18.54 ab 20.76 a 17.68 a
from the top E-1) Average  15.82d  17.46 cd 17.85bc  19.30 ab 20.92 a
Diss 9.33d 10.40 ¢d  11.83 be 13.29 ab 14.70 a 11.91 a
T At T R/ em® Dsz; 9.21 ¢ 9.06 ¢ 12.19ab 13.59a 11.24 b  11.06 ab
Area of the flag leaf Diss 8.02 b 9.49 ab 11.20 a 10.69 a 11.07 a 10.09 b
SE) Average 8.85 b 9.65 b 11.74 a 12.34 a 12.52 a

NG FRRTE . R RTE 0,05 KF EEFBECRRED,

Note: Different letters indicate significant differences at the 0. 05 level. The same below.
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Table 2 Analysis of variance model of N application rate on yield component of

malt barley at different planting density

Variation sources
i H
% (D) it R (ND % X i A&
Index
Density N application DXN
F P F P F P
% Tl K 2.612 0.188 1 1.466" 0.007 7 0.867 0.556 9
Spike number
B R 18.118" 0.009 9 27.202" 0.000 1 3.487" 0.008 3
Ear bearing tiller percentage
TR 4K 0. 066 0.937 5 3.806" 0.015 6 3.389" 0.009 6
Grains per spike
ELRE S 1.626 0.2317 4.936" 0.001 3 0.908 0.514 2
Ripening rate
K 1.213 0.387 4 6.334" 0.001 3 0.955 0.492 2
Spike length
T ki H 0.596 0.593 4 3.607" 0.019 4 1.926 0.102 4
1 000-grain weight
PR 0. 634 0.576 7 5.174" 0.003 8 0.326 0.947 8

Yield

. x LIRTE 0.05 K E2EFRE.

Note: * Indicate significant difference at the 0. 05 level.
it B N B R AR AR Y S 10K W 2K HE

M e J3E DA RSB /NG Ay < R 3 = B = 7 i > 4
SR AR BRI > TRCE B A A Y

hin s B FEURL B L 45 S ROR 7 g 2 B Oy 4 s 34
(3¢ 3)5 H Ny kb B HE N 43 917 16.29% .22, 03% .
4.64% Fl 55, 42% . 22 5 393K 2 g 3 0K F 5 i pl A
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Table 3 Effect of N application rate on yield component of malt barley at different planting density
i H b 7 B
Index Treatment N N Moo Noas Nowo Average
Dsss 165.75 d 234,40 cd 280. 20 be 373.10 a 321.15 ab 274.92 a
WAEEL/ (7 /hm®) Da7s 269. 30 a 333.95 a 359.50 a 350.45 a 340.45 a 330.73 a
Spike number Diss 260. 65 a 303.40 a 292.45 a 319.65 a 326.90 a 300. 61 a
SE-#4) Average 231.90 b 290. 58 ab 310.72 a 347.73 a 329.50 a
Dyss 85.00 ¢ 91. 33 ab 93.67 a 89.33 b 83.33 ¢ 88.53 a
B/ %
Ear bearing tiller Dyzs 83.67 b 89.33 a 90.00 a 91.00 a 80.33 b 86. 87 a
Dyys 83.33 b 86. 00 ab 90.00 a 87.00 ab 66.00 ¢ 82.47 b
percentage
F- Average 84.00 b 88.89 a 91.22 a 89.11 a 76.56 ¢
Dy»s 15.75 b 16.50 ab 16.22 ab 17.67 ab 18.80 a 16.99 a
FRLE/ Chir /78D Dizs 15.60 b 16.19 b 18.13 ab 20.15 a 15.74 b 17.16 a
Grains per spike Diyss 15.64 b 17.20 b 14.92 b 15.90 b 22.80 a 17.29 a
44 Average 15.66 ¢ 16. 63 be 16. 42 be 17.90 ab 19.11 a
Days 92.25 b 90.75 b 95.88 a 97.75 a 96. 38 a 0.95 a
R/ % Dyzs 92.87 b 94.38 b 93.50 b 98.50 b 98.63 a 0.96 a
Ripening rate Dyos 95.75 a 96.38 a 97.37 a 97.25 a 98. 88 a 0.97 a
SE-#4) Average 93.62 b 93.83 b 95.58 ab 97.83 a 97.96 a
Dsss 5.91 ¢ 6.28 be 6.70 ab 7.11 a 6.95 a 6.59 a
K /cm Dyrs 6.13 ¢ 6.29 c 6.84 bc 7.61 a 7.22 ab 6.82 a
Spike length D.»s 6.37 b 6.70 ab 6. 64 ab 6.44 b 7.27 a 6.68 a
I Average 6.14 ¢ 6.42 bc 6.73 ab 7.05 a 7.14 a
Dyss 43.39 ¢ 46.35 b 46.49 b 46.60 b 49.84 a 46.53 a
THE/g Dyzs 45.36 b 45.52 ab 47.80 ab 48.36 a 46. 37 ab 46.68 a
1000-grain weight Dyos 42.69 b 44. 64 ab 45.90 a 47.30 a 45.81 a 45.27 a
44 Average 43.81 b 45.50 ab 46.73 a 47.42 a 47.34 a
Dyss 2513.0b 2818.5 b 3 342.5 ab 3477.5ab  4044.0 a 3239.1a
rei kg Dyrs 3245.0b 3708.5 ab 3 786.0 ab 4 448.5 a 4 233.0 ab 3884.2 a
Yield Dyss 2381l.5¢ 3 080.0 be 3 352.5 abc 4 065.0 ab 4 373.5a 3 450.5 a
FH Average 2 713.2 ¢ 3293.2 be 3 402. 8 be 3997.0ab 4 216.8 a
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Table 4 Simple correlation coefficient of yield components and yield

. . R X,)  BRR(X) SE0oRX) BRX)  TRHEK)
RN AR (X)) . . o . .
Ear bearing Grains per Ripening Spike 1 000-grain
Index Spike number )
tiller percentage spike rate length weight
HERE R (X5) 0.03
Ear bearing tiller percentage
FEORL AL (XD 0.79 —0.58
Grains per spike
GELFR(XD 0.87" —0.34 0.89"
Ripening rate
AR (X5 0.94> —0.26 0.91" 0.97"
Spike length
TR (X)) 0.98" —0.04 0. 81 0.90" 0.97"
1 000-grain weight
e (Y) 0.93* —0. 34 0.96" 0.94™ 0.98* 0.94

Yield

T % RIRTE 0,05 AT LR . v FIRTE 0. 01 KV LA 3%

Note: * Indicate significant difference at the 0. 05 level, #* indicate significant difference at the 0. 01 level.

Siipup S ALNER, IR INIR: S O CRIN - § & ¢
(X)) MR XD/ 2R B EEHX, X, .
X . Xs 5 Y w3 R BB AR T B EKE
(5, g AR Y=—3 349.414+4. 98 X, +
239.36 X, +188.90 X; . X B fin it & =, £ E
SR R A (X)) R (X)) B (X)) % 3
M EEERE R R, R a0
FhAEL 2 8 (X)) iR & (X B £ B 5. Y=

12.62740.007 X, PR ML A & & (Y ) 5 R %
JE (X0 it (X)) A RIH 52 28 Y, = —27 161. 600
+161. 645 X, —0.216 X?—0.003 X?40.015 X, X
Xo KRR E A &Y DA 13,5 YR, 554 m
PRI I BEOK . 255 75 TR A& UG A, X FhoAE 25 2 R
385 I #k/hm’ [ Jifi A & 4 124. 71 kg/hm® i, Bk AE
HEIH R 4 50 =, BB PR IE H: R R S
Ak,
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Table 5 The partial correlation coefficient of yield components and yield
BIgE| i FH 5 2 5L t KB (H Pl
Index Partial correlation coefficent t-value test P value

r(y, X;) 0.999 5 31.990 4 0.001 0

r(y, X;) 0.999 9 58.809 0 0.000 3

r(y, X5) 0.991 9 7.830 3 0.015 9
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Table 6 Analysis of variance model of N application rate on grain protein and

protein components content of malt barley at different planting density

5 5K U B 11 i VEu & it Skt
Variation df Protein content Starch content Water content
sources SS MS F SS MS F SS MS F

2% JE (D) 2 0.080 2 0.040 1 0.014 1.0333 0.516 7 0.279 0.006 5 0.003 2 0.098
Density
it & (ND 4 23.2170 5.804 3 5.577 14.454 0 3.6135 6.221° 0.0621 0.0155 1. 372
Nitrogen application
it L X B 8 7.4019 0.925 2 0. 889 4.501 3 0.5627 0. 969 0.042 6 0.005 3 0.471
DXN

b il 280 i ) Ab B SSR 43 Hr R B (3% 7)), Bl 4 it
RGN, B O A R B AR
IEAHSE(R=0.99" ), AE 5 RECH 5. 8990 5 Nuys /K F-
TS A 25 5 AL b Ny i 12, 53 %05 0 TE A

SEHEA RSN D EAMC(R=—0.99"),1
E%ﬁﬂ‘j 1. 13%;E No’\’Nm%EKE%’NwoN
Nioo Lﬁﬁﬁ%ﬂ(lpo

xR7 HERENARMHEZFETALEIXAEFNEAREEASNHNE

Table 7 Effect of N application rate between pair treatment on grain protein and

protein components content of malt barley at different planting density

it A

N application rate

EH TR

Protein content

FoKE

Water content

BB

Starch content

N, 12.69 ¢
Ny 13.13 ¢
Niso 13.42 be
Naas 14. 28 ab
Nioo 14.62 a

57.27 a 10.02 a
56.90 a 10.00 a
56.67 ab 10.04 a
56.02 be 10.04 a
55.72 ¢ 9.94 a
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