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Table 1 Sources and germination percentages
of oat varieties in the experiment
N
e e s
Number Variety Source

percentage (%)

1 ZEH15 NE AR RPOLRR 98.5
2 E#E PR AL TR 99.2
3 KONA KR 98.9
4 W75 AR mEEWET T 99.0

1.3 It
IR R X B, HERENEX, KEO

(No)~ 90 (Np) F1 180kg/hm? (N3) 3 Mt &K,
Horp No A, BUENIRER (N 46%), 2 IREEIE:
PCRNE=6:4 FEA s AhFPOYEIX . T 2020 4 3 H 25
H R, DX 10m? (2mx5m), /NX & FF 0.5m,
3WEL, it 36 N/DNX . BREMESL, BEFAEERE
JE— PR, 2 /S DX JIE AT A I it FH = 35
100kg/hm?, FERTFEANEEHL, N IR %4, DX
FEFP RN 180kg/hm?, 1THEZ) 25em, FFFIREN
3~6cm. TR0 HIIA] &N X Bt — 2, N DY)
BORIPAT, EACHERL 1 X, AEEIIAAE IR .
TR BEAT HURE IR o

14 MEBMBESAEE

141 Rb&4hmXdats  TARIATHRE. ™
EADCERHEFRAR I ME N GEUE 2 I E
AH XS 23 25 % 8B (relative chlorophyll content,
RCC); MEHUKC B — S e 22 L rp i, 7E RS B
RS T 9:00-10:30 2K FH Li-6400(xt) B 4 #5 20
A M E A E 4 A S AP P OGS 3 E (net
photosynthetic rate, P,). 7%[l5# % (transpiration
rate, T:)+ SfLFJE (stomatal conductance, Gs)
FIHEIE] COL ¥ Cintercellular CO, concentration,
Co) ZE4ahr, WE R OEIEERE 500~700pmol/(m?-s),
CO, K F 300~380umol/(m?-s), HFANALFINE 3 ¥k,
fAH R EE NS S s, RETHEFSE. [
IS T YMI-A TR A 72 8 22 -y i T A 415
(leaf area index, LAID),

142 REARARXAAR KRR T 80°CHEF
EEEFRE TR E, JEHA Foss-8400 A4 H
HYLRE R ET F R SR, IR AR E R
i F &S & (nitrogen content in unit leaf, N,). b
- E AT 3= 6 A P AL%E (nitrogen photosynthetic
utilization efficiency, PNUE), &A1 F: L
M (thm?) =T BE (thm?) /MR

A F 6 A A 2R [10pmol/(g-s)]= 4 o & &
[umol/(m?-s) /A AR & & & (kg/hm?),
1.5 BUBRAIE

X H Microsoft Excel 2010 1 IBM SPSS Statistics
20.0 BRAF AT B s A 3 K Si 153 Hr, H Duncan
AT Z E I

2 HERESR

2.1 AEEGEXNEARZEYTEMF
BEE R E RN, 4 NMEHMEE RS E

IS (R 2), HAE N AE/K RS R KME . bR

THEET 5, Al 3 AP Ny Na 5 No GFD

PR ZE R R EH (P<0.05). FTEMTEREN,

it R it A B A e ) FH e 2 A v I Y R
*2 MEAEMNARREMESMTEZENEN

Table 2 Effects of nitrogen administration
on plant height and hay yield of fed oats

AnpE Ab 731 TR
Variety Treatment Plant height (cm) Hay yield (kg/hm?)
g | 2 No 90.66+8.88b 7015.23+123.61b
Mengyan No.1 Ni 102.8249.35a 8319.16+222.32ab
N2 103.56+9.02a 8612.36+236.12a
TFIME 99.01 7982.25
KONA No 80.36+5.36b 6023.45+99.64b
Ni 90.10+6.33a 7051.86+102.45a
N2 94.56+9.01a 7836.15+136.42a
“PEIE 88.34 6970.49
Fes No 102.36+7.86b 7964.25+262.45b
Sweet oat Ni 117.11£1036a  8896.86+239.66ab
N2 118.12£11.22a  9945.37+258.41a
TFIME 112.53 9213.49
Wige 7 = No 82.16+4.78b 6627.19+194.31¢
Bayan No.7 N 96.23+5.67b 7405.70+185.24b
N2 99.31+6.02a 7936.69+206.98a
TFIME 92.57 7323.19
F * skk
V * *
FxV ns *

[F FUAS [ /N 5 7 B 2 0 AH (7] il i ) AS TR bt 2 B ) 22 e i 2 (P <
0.05) o 7 H R SNRIFIRAE 5% 1% KM 2 AN
%, ns oRFWARE, F WEE, V: W, Fxv: HEIES M
FHAE, T

Different lowercase letters in the same column indicate significant
difference at 0.05 level among different nitrogen application amounts
of the same variety. “*” and “**” indicate significant and extremely
effects at 0.05 and 0.01 level, respectively, ns indicates no significant
effect, F: nitrogen application rate, V: variety, FxV: the amount of
nitrogen application and variety interaction, the same below

W 55 it 2R R 0, 4 N P S T R
IR A (R 2), BHAE Ny /KPP 2 i K E,
No b5 Ny CRFRED Ab3 e 2 5 B3 (P<0.05),
BRI 7 540, HR 3 ANEFRE) Ny 5 Ny ib B[R] 2
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FARE . INFE 2 A, No AbFEXHEH e 118 77 2%
REBNHE . TESNTEEREN, HEEM XS
FH#EZ TR EFRERZN (P<0.05), AJfte
DR it 260 S 25 38 0 1 45 2 e SRR 1) 2 BEAL, A
Mmigm 7 TH~ 5,

AMAHHEEZ A Py 2B (R 3), HIEN,
AbFIA BB, NoAbHLS Ny O R AbFEE]HY
ZRE (P<0.05); 51 5. KONA [1] T: £
WA, W 75 T it S50 1 0 2 e 1 5 et B
FHHESZ 18] Po A0 T D 8 5 it 20 P 84 o 2 B0 2% 189

2.2.1
RN, 5

22 A[EHE R E XA A A

RERXMED

e

B F M IERRIF

iﬂ‘ Pn\ Tr\ Ci\ Gs\ RCC %U LAI é‘ %/;D@ lzj\ﬁ_
1 5. KONA Flilil

753

JE AR AR, 7 Ny e BIA B K MEH . & 5

FifoF-25) PR DN B e 22 > 52

e 15 >KONA > M3t

7B, BN, TN R, ARG
(xR PR B0, X T S .
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Table 3 Effects of nitrogen application rate on the photosynthetic properties of fed oats

mn AhEE Pn G G T; RCC LAL
Variety Treatment  [umol/(m?:s)] (umol/mol) [mmol/(m?-s)] [mmol/(m?-s)]
523 1 5 Mengyan No.1 No 12.15+0.45b 3.10£0.05b  174.32+12.31b  255.40+25.30a  40.31£1.26b  3.03+0.36¢
Ni 12.72+0.51b 3.86£0.02a  188.41+13.20b  299.14+2931a  44.67+3.12b  3.64+0.52b
N> 14.24+0.62a 3.80+0.10a  224.51+14.60a  321.12+33.63a  52.3624.79a  4.16+0.55a
FHME 13.04 3.59 195.73 291.87 45.78 3.61
KONA No 11.53+0.32b 3.2540.05b  196.21+14.01b  169.32+20.12b  41.96+5.36b  4.51+0.75b
N, 12.1940.48ab  4.16+0.15a  181.41+12.90b  314.73+32.62a  42.39+4.92b  4.91+0.86ab
N> 14.90+0.66a 3.9240.12a  225.61+14.91a  234.34+24.13a  53.1625.97a 5.21+0.94a
FHME 12.87 3.78 201.07 239.43 45.84 4.87
Fit#He 3 Sweet oat No 11.25+0.29b 3.5240.14b  180.22+13.41b  263.54+27.60a  41.35+5.14b  4.26+0.78¢c
N, 14.2340.60a 3.9940.16ab  236.11+15.13a  276.40+28.11a  46.23+5.88b  4.78+0.79b
N2 13.96£0.62ab  4.29+0.18a  226.40+14.71a  239.13+23.44a  53.32+6.02a  5.26+0.85a
FHME 13.15 3.93 214.23 259.67 46.97 4.77
Hl#E 7 5 Bayan No.7 No 10.50+0.21¢ 3.45+0.13b  185.61+13.40b  316.24+32.10a  39.66+4.56b  3.02+0.23c
N, 12.70+0.49b 421+0.14a  243.90+15.64a  29531429.44a  41.78+5.12b  3.59+0.38b
N2 13.51+£0.58a 4.19+0.17a  22431+14.32a  216.44+£22.60b  46.59+5.69a 4.02+0.61a
FHME 12.24 3.95 217.93 275.97 42.68 3.54
F kk sk %k %k * %k
V %k skk 3k * * *
FxV Hx Hx *ok * ns *

5 1 5. KONA FI

SOESE: b
Ji Ay T 4
Cifl G A%
4 /] FH 7

FHe

ASNY

7 5 1) G ¥IBEF i
RERH I RIS AR s, HAE
Ny AL FEE B KA (£ 3). & WmAF G G,
75> >KONA> 52
R, R o) e
1)
2 R RCC A LAT ¥4 56 25 it %0
F4 TAKAETERMTECEE

1—%0

BN EEEES (K 3), HINE Ny A BA
R, & ERE RCC R N >KONA >

KONA > #f 3

il 1 5>

AVARNY

75, A AT LAL RN
A>T > T T BN, T7

ZEoP T A SRR WY, it BN i A AR X e Y e 52

RCC LRER

ma, TN LAL A BER

M o

222 FEFELHASMMHAEFHMEAXE K4

AR IEREMEX X R

Table 4 Correlations between photosynthetic property indicators and hay yield of each variety under different nitrogen doses

Fa 5 Index Pa G Gs T RCC LAI THip2 & Hay yield

Py 1
G 0.579" 1
Gs 0.744™ 0.661" 1
T -0.472 -0.188 -0.315 1

RCC 0.879™ 0.509 0.613" 0.652"

LAI 0.574 0.497 0.379 -0.631" 0.652 1

F-%i7 & Hay yield 0.695" 0.578" 0.543 -0.269 0.676" 0.457 1

€L gy RIRIRTE 5% 1%7K T 52 R B AR G

“*” and “*” indicate significant correlation at 0.05 and 0.01 level, respectively
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EKH, Pv5 Gw RCC EMBFE MK, 5 GHT
HEEREREEMX, MXRHR=0579: 5
RCC 2 WFIEFKME, 15 LAL 283 UGS
TH8 5 P,. GHIRCC £RFIEME, 5HAb
FRPRAHICEAN 2
23 ATREREMNFAAERZAZAESFANEN
A
HE S A, MR iR SR LR B
W EE TG R N, % SR P E A [ S AR
VIERARE, P ENSLE 0.22~0.24t/hm?

YO PN o it R AR A S R N A B
BN R 2 R, ELE A e 2R 3 0 LNC AT N, )
S R, 7E Ny A EIA R R,
o, PP ISR S BERT NL BRI 7
G>HHEE > 5 1 5 >KONA. Jiti BB AT
PNUE A 5 35 152 e, (200 260 A B AR
PNUE JG & 3 52005 Fifi 45 it 0 &= X 39 N PNUE &2
WAL, No WD 5 Ny No AbBR A 2 53 8
#, % hAhT3 PNUE 3R 9N KONA > St 1
G>EME > T 5.

x5 MASXNARAKELHE HEEESE, BUMAFRSEMAR ST AYENZN
Table 5 Effects of nitrogen application rate on specific leaf weight, leaf nitrogen content, N,, and PNUE

v s AN AR E Na PNUE
Variety Treatment Specific leaf weight (t/hm?)  Leaf nitrogen content (g/kg) (kg/hm?) [10umol/(g's)]
2 1 5 Mengyan No.1 No 0.21£0.01a 8.56£0.12¢ 1.800.11¢ 67.59+0.10a
Ny 0.23£0.01a 15.04+0.15b 3.46+0.15b 36.77+0.15b
N2 0.23£0.01a 18.33£0.10a 422+0.12a 33.78+0.10b
PEIE 0.22 13.98 3.16 46.05
KONA No 0.23+0.01a 7.76£0.11b 1.75£0.20b 66.04+0.20a
N 0.23+0.01a 14.64+0.13a 3.37+0.01a 41.20+0.01b
N> 0.23+0.01a 16.3240.13a 3.67+0.01a 40.58+0.01b
TFIME 0.23 12.91 2.93 47.61
T e Sweet oat No 0.23£0.01a 7.68+0.05b 1.77+0.01b 63.69+0.01a
Ny 0.23£0.01a 16.88+0.96ab 3.88+0.02a 36.65+0.02b
N2 0.23£0.01a 19.36+1.20a 4.45+021a 31.35£0.20b
PEIE 0.23 14.64 337 43.89
33 7 5 Bayan No.7 No 0.24+0.01a 8.24+0.05¢ 1.98+0.05¢ 53.09+0.05a
N 0.24+0.01a 16.60+0.32b 3.98+0.02b 31.88+0.02b
N> 0.25+0.01a 23.62+2.10a 5.91+£0.02a 22.88+0.02¢
TFIME 0.24 16.15 3.96 35.28
F ns sk sk sk
V * * 3k skk
FxV ns * * ns
24 HMRAESKEHE RREALEFRENEDS 3 i

eI PSER

WX R BOTRE . IR AR
WA T FE SRR AL R (bR, REL IR B 5 fE
R? FHXNT e, B dd B SRR i A = 5O & Rk
fabn. B EICE R AR S AV Re i Ar 8] (1)
KFR, F, DHEAENELEE (x), AR
P BEOLAFIH R AR ES 12 MH IR
RRARE () AT R ENES . B4 3R
(£ 6) R, ERES Pov G+ Gsw RCC. M H
B & & Nov PNUE A 50 5 48 b (8] A 5 35 AH ¢
(P<0.01), 5 T.F1 LAI B#AM% (P<0.05),
(EESREAL =0 Iy SN ST P

3.1 FEREXIAREESENEN

e B e LGRS TR B |, b B2
ZoUF R 1 R BRI G Ay, R 2R R B X
TR R (AR R A B O, AN [ R R e 2
ERG AT BRI R, B BIA T A
KA AHIE T RIS [Tt 0 4 AN e it
R R R B AL BRI, 7 180kg/hm? ZUE
ARFR R e PR RN P e, WA M U P
B, 4 DS PRI AR A O PR RS H B T2 R A
FHBR PR SE S R Ty OSSP AR B, A
it AT e - i1 P < | R =
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Table 6 Relationship between nitrogen application rate and photosynthetic properties, nitrogen utilization, and biological properties

T8 Fr Index

5% 555 & Relationship with nitrogen fertilizer (x)

Pn(y1)

T: (2)

Ci(»3)

Gs (v4)

RCC (y5)

LAI (y)

EL B Specific leaf weight (y7)
I F % & & Leaf nitrogen content (ys)
Na (v9)

PNUE (y10)

1A B Hay yield (yi1)

¥k 7 Plant height (y12)

11=-0.00003x2+0.0201x-+11.358 (R>=0.768")
1=0.0128x2+1.6546x+251.01 (R2=0.384")
35=-0.00005x2+0.012x+3.33 (R2=0.798"")
14=-0.001x2+0.4021x+184.080 (R=0.514")
15=-0.003x2+0.007x+40.82 (R2=0.835™)
16=-0.000006x2+0.0063x+3.705 (R?=0.380")
17=-0.0000007x2+0.00014x+0.2263 (R2=0.124")
15=-0.0003x>+0.1087x+8.06 (R2=0.892"")
15=-0.00002x2+0.0259x-+1.8219 (R?=0.837"")
110=0.0015x2-0.4358x+62.603 (R>=0.880"")
1=-0.0214x>+13.157x+6907.5 (R*=0.450")
112=0.003x2-0.4522x+88.885 (R2=0.207")

“ns? ROAHRIEA B
“ns” indicates no significant correlation
M. ZRARSFEUACN, A8 I G RE KR
MAERHER BN &, AR 100kg/hm? K
AT X R A= o TR AL R TR
136 Tt BN XS e 2 A = I e 5 R RS R S e I A B
FEZ 8 AR AR, U 19 5 A 13 5
R I I0 30 & B 1 AL ANES 2 A, MUK 6 = I
P2 R A, R PR AT A e 4R S e U
FHGEER, ERKRMERE. ZRETR, A
[Fi e 22 by xS I AN ], it 5 R4 7 2
ZERBOR, T A EA R A A . &
FE AN oA S BRI EEATIRAWT T 256
AT DS AR B T4 R AT 1, M R R R AR
e VLI, e SR A R A
B JR AR AL B 100,
32 EREXIARREAFEEMm

JeEAE PR A — R IR A BT R,
HEMEAMAE B FR (SRS BN AL
PARESE) B, M HIEZKNESEAM SR 1 1)
sl SEAE A 22 BUR AR 18 7 g i i) 3 22
P [e) 7 B O, IR I8 I et it AR AR Rt &
YRR R I T o A= AL RO, {H 5 oA
TEIAMIEL, RUEX et i I ABE, Hift FW
IKEES g 2% e BAR, PR T RUIEAE SR e
AP R RO AIBY, DR B AN [R] e 22 i e )
B B PR R B, X A X e e el R
HAEEE

JCE A FH IR SE LA T i S 30 G RE IR
AWEFNTHE L, Mo & 'S a i 2 E— B2
IEAHR . AR, 2L 2SI 2 & 22 A
ZRRE BN 39.66~53.32, Mo, FifHEEE 1T AR XS

MR E R, MR 2 kI, HFH Pt
1R o V] FH HE S A K B FL IR, B R T AR
SRR EE R RN Ih e 22 R AR, 25 BER i R = 7™
oM R WG K, WGl s1ER B
IR0S), gt vd, E—EilEN, HaREEEE
A S e YA

VR AR A AE R B BT, 2R
BiARAb A U . TS MR R AR, AR B
T T AR TR BB I, 3 SR AE PR S iR 2
2, B R0 T i A R Ay R 00201, B IR
HF T 48 SRR, 76 75 i v b DXt 20 B 4 i 7E 90~
180kg/hm? B A5 FI| T3 22 e & WOR R T,  Hiksk
FEESM RO AEERRE R EMC. TEATR
o I E 4 NS EFEEE S AT SRR R
B, #eEEE R SEAY P M G REMS, B
YRR I B BB T K IR A v D) = R, I K
FK AR R ECE H 0 £ 180kg/hm? 1M & 1
s Hodp, BHEESZM P, X RUEM LA
R E FLAH M R E O R R . AR
LU LGS BRI, (EM RS R e G ER
REJJREMOG, MUARBZN, M LEl AR
fiX, F=2E Tk, SRR REA T

RELWTMEERKRENEERNT, AFH
(1 T i e 20 5 ot 2 o A A A AR R e
FEMES PR AR EE N, X AR SR R A IR
FH 20 H B A RS F AR R A R0, 16 f e
BRAEKE, HENAR, SRERMEERAEKER
AR, MEDEE=MI G RS RRR,
WA E WG R RS BRI Sk, Xt
TP B 2, EARBEIH, ERCE R EBCR
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SE Rk
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Effects of Different Nitrogen Application Rates on
Photosynthetic Characteristics and Nitrogen
Photosynthetic Utilization Efficiency of Fed Oats

Zheng Minna, Liang Xiuzhi, Kang Jiahui, Li Yinfan, Wang Hui, Han Zhishun, Chen Yanni

(High Latitude Crops Institute, Shanxi Agricultural University, Datong 037008, Shanxi, China)

Abstract

In order to explore the differences of photosynthetic characteristics and nitrogen use efficiency of fed

oats under different nitrogen application rates in northern Shanxi province, four typical forage oat varieties were

used as experimental materials to study the biological yield, photosynthetic characteristics and nitrogen
photosynthetic efficiency. The findings indicated that hay yields of four varieties increased with the increase of
nitrogen application rates, and the nitrogen application rate of 180kg/ha produced the maximum hay yields. Net

photosynthetic rate and nitrogen photosynthetic utilization efficiency both grew steadily with the increase of
nitrogen application rate. The amount of field nitrogen application could be regulated at 180kg/ha during the
production of Mengyan No.1, Sweet oats, KONA, and Bayan No.7 in northern Shanxi province according to the

complete indicators.
Key words
utilization efficiency

Fed oats; Nitrogen application rate; Hay yield; Photosynthetic characteristics; Nitrogen photosynthetic
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