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The impact of herbicides concentrations on photosynthetic characters
and production of covered and naked oat
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Abstract: In order to investigate the effects of two kinds of post-emergence application herbicides [ Bromoxynil oc-
tanoate + MCPA — sodium (BOMS) and Florasulam + flumetsulam (FLF) ] on yield and photosynthetic characteristics
of oat, three concentrations of the two herbicides were conducted on covered oat ‘Longyan 3’ and naked oat ‘Baiyan 2’
with a single-factor randomized bloke design. The gas exchange parameters of top second leaf in different growth stages
and yield components of oat were measured. Further, using comprehensive evaluation, suitable concentration and kinds
of herbicides with efficient and safe benefits were screened. The results showed that oat yield increased obviously under
higher concentrations of herbicides in the reasonable ranges (BOMS concentration of 675 ~ 2 025 mL+hm~? and FLF con-
centration of 90 ~270 mL-hm™2), the highest was up to 34.67% compared with the control. There was a short term
stimulation effect of two kinds of post-emergence application herbicides on photosynthetic characters of oat. The chloro-
phyll content (SPAD), net photosynthetic rate ( Pn), transpiration rate ( 7r), and stomatal conductance ( Gs) of cov-

ered and naked oat leaves were inhibited, instead, the intercellular CO, concentration ( Ci) and water use efficiency
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(WUE) were increased under the herbicides stress during the early growth stages such as tillering stage and elongation

stage. The change range increased by herbicide concentration, at the highest concentrations of two herbicides, the Pn

average values of covered oat and naked oat in early stages were decreased by 42.86% and 50.65% than that of control

respectively. Three independent comprehensive components were obtained from 13 single production indexes and photo-

synthetic indexes of oats by principal component analysis. The Tr, SPAD, Pn of top second leaf and 1000-kernel weight

of seed were reference indexes for the prediction of efficient and safe of herbicides. In summary, FLF with concentration

of 180 mL-hm~? was proposed as the suitable practices for the target area.

Keywords: herbicide concentration; oats; photosynthetic characters; yield; principal component analysis
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Table 1  Herbicide treatments and dosages
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Fig.1 Effect on SPAD value of covered and naked oats in different growth stage by herbicide spaying
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Fig.2 Effect on Pn value of covered and naked oats in different growth stage by herbicide spraying
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Fig.4 Effect on transpiration rate ( 7r) of covered and naked oats in different growth stage by herbicide spraying

FEHESZ (B 3 5 S AEE WL M3 R Tr A
530 BEAH LU R M 5, 43 BE 1 28 F A6 101 °F- 2 B i 6
48.2% . F1 5 XF 22 5 30/, /i WA L %) BECT B
3.8% ., TEMLHEE ‘HME 2 5 /5 =0 F3 1) Tr
EjXT B 22 WL, R 4300 R 80. 4% . 71. 4% il
22.0% , M AEHER I 5 %) BTG i 38 22 575 AIRMR ML,
FL N Tr K, o WL, Bz 8657 AR AR & 1
PR 7% I A PRI R v e JE 7 3 2 A 0 T R e 2 ) %o

R VAR R 2 UK i T 2 MR 22, FLARVR B A 3
JEH MR Tr PR R

2.1.5 FREFEEZILE CO, RE(Ci)H7H

e 5, oy BERA B FF AL, e it i Ci ﬁ,uﬁi
BT VER A TN, SRR L, BREC )
WERXT Ci B g, FLBEE MBS R Ci W3
BR(P<0.05), SAHAETEE RTHIN G Z
)25 5 W PGS G A R R R A 34, 1E,



% 6 14

X IRAF ARG BRI B AR e A Rk S B IR S 129

XML E TR E 25 (P >0.05),
M3 F3 7E 5 R 2 78 4% I 2 2o 3 i
Ci, BgE 3 5 H a2 & X BE 19, 05% Fi

(a) Pl #3 %7 Longyan3

— %) w N
o o =3 o
S S S S

JHd [RICO, e S
Ci/(umol * mmol™)

=}

a2l A
Tillering stage

4001 (p) i #2% Baiyan2

bebe
300 F

200

JH2 ) COL K JiZ

Ci/(umol » mmol™)

100

Elongation stage

A5 W

Elongation stage

16.20% ,AHAEFFAE A FIFE S Y ¢ SR &2 3 %6 B K
S, U5 BH R 155 R R v R R A A A AR K i ) & e
CO, HYRE J18 K B G B R0 U855 o

pab.apabdab

R

JF 4638
Flowering stage

W
Filling stage

I 77 W1 Growth stage

ab a agb a a ap

IR il %
Flowering stage Filling stage

I 7 W] Growth stage

COMI EM2 BM3 EF1 BF2 BF3 OCK

B5 AREBHTHRENXNE RBEEMF C BRI

Fig.5 Effect on intercellular CO, concentration ( Ci) of covered and naked oats in different growth stage by herbicide spraying
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Fig.6 Effect on water use efficiency of covered and naked oats in different growth stage by herbicide spraying
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Table 2 Effect of herbicide concentrations on forage yields and grain yield of oat

[fg 4 3 5 Longyan No.3

34 2 5 Baiyan No.2

e R Tl R TR
Grain yield/(kg*hm~2) Hay yield/(kghm~?) Grain yield/(kg*hm~2) Hay yield/(kg*hm=2)
M1 3286.3 + 109¢d 13 750.2 + 301bede 3419.5+102b 1 4174.7 £ 317bed
M2 4002.1+177 a 15 605.7 £ 214a 3641.3+091a 1 5008.4 + 416abc
M3 3896.1+ 8lab 15 538.8 + 438abc 3472.1+112b 1 4972.9 + 325abe
F1 3506.7 + 118be 13 608. 1 + 326bcde 3 333.2 £ 79bc 1 3790.4 + 394bed
F2 3922.0+ 132ab 15 277.7 £ 410abe 3 565.2 + 96b 1 5158.9 + 270ab
F3 3793.6 + 141ab 15 682.7 £ 214a 3 581.7 + 114ab 1 5395.3 £ 301a
CK 2 947.3 +£63d 12 132.9 + 186e 2726.2 +42d 1 1176.4 + 145f
£3 ARKREFX#HE T EMRIERHIR N
Table 3 Effect of herbicides on component indexes of yield
o fbam Hifﬁ MR /INEREL RRLEL . ThLE
Variety Treatment Plant height Ear length Ear 3 Kernels per ,S?lke IOOQ—kcmcl
/cm /cm /(No*per™') /(No*per™) weight/g
M1 113.8+9.2a 18.3+1.9a 23.5+1.9ab 36.2+2.9b 25.7+1.8ab
M2 119.5+£8.3a 19.8+1.3a 24.1+1.0a 43.6+3.2a 27.3+1.9a
—— M3 116.7+£9.3a 18.6£1.6a 24.9+1.8a 40.2 +3.9ab 26.9+1.5a
Longya\n No.3 F1 120.8 £10.1a 19.4+1.3a 22.3+1.9b 35.3+4.0b 24.1+2.1b
F2 119.2+£8.5a 20.1+1.8a 23.9+1.3ab 39.8+3.5ab 27.5+1.9a
F3 116.8 £7.9a 19.4+1.8a 20.3+1.9b 37.9+3.2b 24.9+2.2ab
CK 119.1+7.4a 18.9+1.7a 22.7+2.0ab 35.2+3.8b 24.5+1.8b
M1 111.5+£7.3a 15.3+1.4a 18.9+1.7b 43.2+3.1ab 22.5+1.9ab
M2 112.2+9.1a 14.6£1.7a 22.2+1.9a 46.7+4.0a 24.8+1.7a
. M3 109.3+7.2a 15.2+1.3a 20.4+2.1ab 45.4+3.8a 23.3+2.0ab
Bf;;;zl\lr?Z F1 106.4 +7.8a 16.3+1.3a 18.2+1.9b 39.9+1.9b 20.9+1.5b
F2 109.9+6.9a 15.4+1.0a 21.5+2.0ab 42.5+3.5ab 25.1+1.8a
F3 107.5+£9.2a 14.8+1.5a 23.1+1.8a 43.8+2.9ab 23.8+1.9ab
CK 108.2 £+ 8.4a 14.9+1.5a 19.3+1.4b 40.3+3.0b 21.3+1.6b

T R AP TR ) — ah R AR [ Ah B F) 25 5 235 (P < 0.05)

Notes: Treatments of the same variety with different letters are significantly different at the 0.05 level.
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T F 551 25 G 45 20 T HES it FH o 55 5]
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A3 R0 B4 RITE 3 A4~ R B AS 4 AR B 2
=2b0Z = b1 Zy + byZy + 0 + byZy, b N TTEREE 15
Z=0.4537, +0.2427, + 0. 164 Z5, R 1B L2 515>
Zo IR 5, W R R ok B AL 3 M3 F3, 27 I
W F1 KX IR 2384570 24 e, ] DL () R e
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AT A 7=, AbPE F2 M2 WIZEE154) Z (i
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Table 4  Pearson correlation coefficients among yields and the photosynthetic indexes of oats

ijljj:lb Xl XZ X3 X4 XS XG X7 XS XQ XIO Xll Xlz X13
X, 1.000

X, 0.846" % 1.000

%€ 0.611" 0.475 1.000

Xy -0.503  -0.664" 7 -0.119 1.000

Xs 0.707* % 0.595*  0.882" * -0.061 1.000

Xe 0.129 0.134 0.378 0.462 0.579 1.000

X, 0.464 0.436 0.105 0.010 0.339 0.211 1.000

Xs 0.084 0.181 0.009 0.186 0.315 0.447 0.434 1.000

Xy -0.696" " -0.719" " 0.117 0.43%9  -0.754" " -0.357
Xio -0.570"  -0.613" -0.762" " 0.636" -0.210 0.281
Xy -0.49 -0.416  -0.362 0.550  -0.288 0.295
Xin 0.776 0.816" " 0.612° -0.505 0.732" " 0.214
X3 0.392 0.384 0.501 0.311 0.710"* 0.935" "

-0.077 0.065 1.000
-0.600" -0.409 0.208 1.000
0.098 0.718 " 0.569" 0.108 1.000
0.475 0.39  -0.673" " -0.715" " -0.349 1.000
0.377 0.502  -0.455 0.067 0.179 0.442 1.000

X AR Xo B Xa VBB Xy BURIEG Xs: TORIEE; Xo: TR Xy MEREMM & Xg: WA HER; Xo: RILFE; Xyo:
JEIR] CO, MEHE 5 Xyy o KRR X ZRMEHEAR Xy FhT 77005 » SR EFEMIE(P <0.05), * » FRMEEMI(P <0.01), T,
Note: X;: Plant height; X,: Ear length; X;: Ear; Xy: Kernels per spike; Xs5: 1000-Kernel weight; X¢: Hay yield; X;: SPAD; Xg: Pn; Xg: Gs;

Xy: Ci; Xi: WUE; Xpp: Tr; Xi3: Kemel yield; “ % "showed a significant correlation, “ % *”

showed a highly significant correlation, the same as below.

x5 TRAKREFALETERNEIREEAFES

Table 5 Scores and general scores of principal components of herbicide treatments

WA X BB 7, WA 7, G
Treatment No. 1st principalcomponent 7 2st principal component Z, 3st principal component Z; Composite score Z
Ml 0.330 -0.387 3.286 0.594
M2 1.753 3.760 0.155 1.729
M3 -0.207 1.956 -3.048 -0.120
F1 -0.758 -1.441 3.051 -0.192
F2 2.571 2.426 1.058 1.925
F3 -0.510 0.140 -3.801 -0.820
CK -3.178 -6.453 -0.701 -3.116
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