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Abstract: We used Xinong 9940 and Qianku 3 as materials to set three nitrogen fertilizer treatments levels (N1) 90,
(N2) 180, ( N3) 270 kg + hm™, to discuss the effects of different nitrogen application rates on the growth, dry matter
accumulation and transport of vegetative organs and nitrogen application rate on grain filling characteristics and yield of
two Tartary buckwheat. The results were as follows. (1) Nitrogen fertilizer significantly promoted the growth and develop-
ment of Tartary buckwheat. With the increase of nitrogen application, the plant height, SPAD value and dry matter accu-
mulation of Tartary buckwheat showed a gradual increase trend, reached the maximum value under N3 treatment, signifi-
cantly higher than N1 and N2 treatment. Under the same nitrogen application conditions, Qianku 3 was better than Xi-
nong 9940. As far as the translocation rate is concerned, the two varieties of Tartary buckwheat perform
inconsistently. Nitrogen application significantly increased the stem and leaf dry matter transport rate of Xinong 9940,
while Qianku 3 did the opposite. (2) With the increase of nitrogen application, the day of filling duration of Tartary
buckwheat increased, the maximum grain filling date was prolonged, the mean grain flling rate decreased, and the
100-grain weight showed a downward trend. Under the same nitrogen applicaton conditions, compared with Qianku 3,
Xinong 9940 had a fasted flling rate and greater grain weight. (3) With the increase of nitrogen application, yield and its
constituent factors increased first and then decreased, but the varieties were different. The yield of Xinong 9940 reached
the highest in N2 treatment , which was 1 650.0 kg - hm™ ,which was 45.6% and 28.2% higher than that of N1 and N3
treatments. The yield of Qianku 3 reached the highest in N1 treatment, which was 616.7 kg - kg'®, which increased yield
by 12.8% and 51.6% compared with N2 and N3. It was suggested that in the dry farming area of the Loess Plateau,
buckwheat breeding and planting depend on the variety of buckwheat, and the optimum amount of nitrogen application
should be selected, and the best nitrogen rate of Xinong 9940 was 180~270 kg - hm™, and the optimum nitrogen rate of
Qianku 3 was 90~ 180 kg - hm™.

Key words: Tartary buckwheat, nitrogen application rate, growth, dry matter transport, grain filling, yield
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Table 1 Effects of different nitrogen levels on dry matter accumulation of Tartary buckwheat
EEW el
Growth period Variety NO N1 N2 N3
BEAE ] TG4% 9940 0.473+0.261a 0.771+0.036a 0.874+0.039a 0.683+0.031a
Full-bloom stage Xinong 9940
B 3s 0.491+0.494a 0.368+0.038b 0.314+0.013b 0.221+0.022b
Qianku 3
TSI P 9940 1.873+0.243a 3.842+0.199a 7.482+0.247a 4.997+0.254a
Filling stage Xinong 9940
T 3 5 0.825+0.313b 1.303+0.305b 1.629+0.655b 2.066+0.186b
Qianku 3
A P4k 9940 3.893+0.478a 7.664+0.239a 13.038+0.444a 8.634+0.134a
Mature stage Xinong 9940
e 3 5 2.128+0.078b 3.316+0.453b 3.834+0.192b 2.977+0.334b
Qianku 3

T RPE AT bR . W AT AR FRFR 27 B3 (P<0.05), R,

Note; Values in the table are x+s. Different letters in the same line indicate significant differences ( P<0.05). The same below.
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Effects of different nitrogen levels on accumulation of total dry matter in upper part of Tartary buckwheat

N1

N2

N3

Table 2
LT fh o
Growth period Variety
HH ik 9940 0.189+0.034a
Seedling stage Xinong 9940
B35 0.203+0.030a
Qianku 3
HIAE Ph 4 9940 2.379+0.161a
Initial flowering stage Xinong 9940
i35 2.283+0.146a
Qianku 3
B P4 9940 5.547+0.587a
Full-bloom stage Xinong 9940
B35 5.084+0.267a
Qianku 3
HEI PE4& 9940 7.332+0.498a
Filling stage Xinong 9940
M35 8.421+0.581a
Qianku 3
A Pk 9940 8.187+0.734a
Mature stage Xinong 9940
B35 8.262+0.476a
Qianku 3

0.213+0.018b

0.824+0.112a

3.440+0.826a

2.799+0.640a

12.468+0.293a

9.509+0.101b

12.585+0.597b

14.100+0.370a

13.753+0.254a

13.789+0.163a

0.563+0.125b

1.027+0.176a

5.878+0.922a

5.422+1.013a

18.231+1.650b

24.280+1.507a

18.741+0.631b

29.567+2.904a

21.238+0.462b

28.682+2.406a

0.732+0.026b

0.897+0.093a

4.964+0.528b

7.794+1.601a

17.694+0.837b

31.562+0.414a

17.779+1.928b

39.856+1.140a

18.441+0.611b

38.713+£1.723a

K3 FRERKEMEFERFE THWREEE

sEA )

Table 3  Effects of different nitrogen levels on dry matter transport rate in vegetative organs of Tartary buckwheat

il Variety NO N1 N2 N3
E3 T4 9940 12.4£0.59b 24.8+1.77a 25.5+1.35a 12.2£2.25a
Stem Xinong9940
B35 19.0+0.58a 15.3+2.11b 8.5+1.49b 8.7+0.80b
Qianku 3
- P4 9940 72.5+3.24a 88.5+1.15a 84.2+3.01a 82.5+1.58a
Leaf Xinong9940
L= 33.7+£5.92b 30.8+5.17b 23.9+3.36b 12.0+£3.07b
Qianku 3

TR (Vmax ) FIF- B AR (V) 5 A Y 5

FA LR BAORR AR R SRR R B ROk

829

B 2 A SE (P<0.01) 5 PHAE 9940 RYFE I 722 4]
(T) St A a2 02 EAHE (P<0.05) 5 Pl
FETE A (T1) ARG (T2) ZE¥E A (T3) S5t A
AR IEAHDG, BP0 5 it A R B IE A DG (P<
0.05) .
25 AEERKEMNEFFERTEHMHEEN
A

2% 6 AT, Jifh 260 20 0T 55 8 7 f S CHAA) B P

= i 5 1 v 1 Rt A B, L i 4R 1% 3
B ETHE N BTE 180 kg - hm il Al
K35 B e KA, 5 Al it e Ak B ) 25 S 436
F K5 100 TR EE o AR T oA it Ak 3 it G o
SN NS SR (=0 W 9 & AN AL
B PRUAS [] s B A7 7E 25 5 0 PE R 9940 1Y 7 &t
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Fig. 5 Effects of different nitrogen levels on dry matter contribution of vegetative organs of Tartary buckwheat
R4 FFRERH Logistic HFIESHRERSH
Table 4 Logistic characteristic paramaters and filling paramaters of grain filing
epen it 2 T ORLE
Variet Nitrogen a b c Vmax Tmax v T T1 T2 T3 100-grain
anety application rate weight
P4 9940 NO 2.49 13.8 0.228 1.42 11.5 0.819 26.3 5.7 11.6 8.2 2.457
Xinong 9940
N1 2.40 16.5 0.226 1.36 12.4 0.800 26.5 6.6 11.7 8.2 2.401
N2 2.39 19.4 0.216 1.29 13.7 0.782 27.8 7.6 12.2 8.6 2.345
N3 2.35 16.4 0.212 1.25 13.1 0.767 28.3 7.0 12.4 8.8 2.301
B 35 NO 231 1195  0.190  1.10 131 0738 31.6 6.1 13.9 9.8 2214
Qianku 3
N1 2.30 10.91 0.170 0.98 14.1 0.717 35.3 6.3 15.5 10.9 2.152
N2 2.30 12.68 0.165 0.95 15.4 0.709 36.4 7.4 16.0 11.3 2.127
N3 2.20 13.76 0.160 0.88 16.4 0.669 37.5 8.2 16.5 11.6 2.007

TE: a.b.c. FPRHEIH) Logistic JIRBH; Vmax. BRMES E A Tmax. AWK E RN, V. FIREREE R, T. WIRFLN;

T1. $idgi0; T2, YU, 13, Z3E, TR,

Note: @, b, c. Logistic equation parameters of grain filling; Vmax. Maximum grain filing rate; Tmax. Maximum grain filling date;

V. Mean grain filling rate; T. Filling duration; T'1. Gradual increase stage; T2. Rapid increase stage; T3. Slight increase period. The same

below.

270 kg - hm™jife % 4b B 1) AR AR R B i 5 A
Ab B 2% S G 2 5 PARRORLECAE 270 kg + hm ™ it 2 2 i
RSB B A, 5 A AL Bk B 2 25 R OK R 5
90,180 kg - hm™Jifi & Ab P 2% F N W& B kR i
Wit 4 i A 3 2 0 B THE R R R E, FE 180
kg « hm™ Jifi &0 7K °F- 35 8 B KAE, 5 AN it &R 270
kg + hmJifi Z AL PR 22 57 25, 5 90 kg - hm™Jifi &
Qb B 25 O G 2 ek A 4R ) B 2 9 5
TR FRER 7 90 kg + hm™ it &K - 35 3

KAl K 616.7 kg - hm™, AT HR4R 5 90.7% , 5
H At i Ak B ) 25 S 38935 ) KO

XiF 2 A SRR AL B DR AT TR G A
r(#7), £78REW, MRS PRAETEE
FARRRLEL AR RLE | R IEM G, 5 TR E
S ORI G it 2R B, BRRRAE R AL
PRBLEL BTN, IR 23 5 | 3 B s 3 R AIC, T 2
BEAR T TRCEE ., A AR A SRR R bR
7 A IRt R O KO, R 56 R AR/ IMK
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Table 5 Correlation between nitrogen application rate and grain filling parameters

E
. Vmax Tmax Vv T T1 T2 T3
Variety
P4 9940 ~0.995 s 0.832 ~0.999 0.964 * 0.793 0.969 * 0.947
Xinong 9940
35 -0.970 = 0.999 -0.961 * 0.947 0.972 = 0.951 = 0.951 *
Qianku 3

W o# M owx Zp5IEE7RAE 0.05 10.01 KF ERBFEME, TR,

Note: * and #*# indicate significant correlations at the 0.05 and 0.01 levels. The same below.
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Table 6 Effects of different nitrogen levels on yield and yield components of Tartary buckwheat

£ s AL S bR SRR e L
Variety Treatment ower cluster Grains per plant rain weight “grain e By
per plant per plant (g) weight (g) ( kg + hm™)
PE4R 9940 NO 39.5+8.2¢ 202.8+57.4c 3.89 3+0.47 8d 24.57+0.05a 863.3+£236.7¢
Xinong 9940
N1 77.3+4.2b 329.1+43.4b 7.66 4+0.23 9¢ 24.01+0.05b 1133.3+57.7bc
N2 113.0+33.9a 433.4+22.1a 13.03 8+0.44 4a 23.45+0.11c¢ 1650.0+213.8a
N3 57.2+2.8bc 346.8+19.4b 8.63 4+0.13 4b 23.01+0.04d 1286.7+119.3b
i3 5 NO 20.7+1.9¢ 70.1+7.9b 2.12 8+0.07 8¢ 22.14+0.15a 323.3+£25.2d
Qianku 3
N1 35.2+6.6b 153.9+13.8a 3.31 6+£0.45 3ab 21.52+0.03b 616.7+28.9a
N2 36.4+4.2b 175.0+50.5a 3.834+0.19 2a 21.27+0.05¢ 546.7+50.3b
N3 46.3+5.1a 183.7+42.5a 2.97 7+0.33 4b 20.07+0.08c 406.7+23.1¢

YN BB E | B R, Ul ] B RO X 5
AR F A T R R

3 Wik E®w

PR 2R 2R AE R R WVE W AR KRR AR )
Febn , X FHIBEY TP LR R R E SR LR
ROUA & B EAEH (Masoni et al., 2007 ; 227K %,
2017) . W2 WF9E R B (38R 45, 2007 ; X FHEE
2018) I il £ 25 [ it 280 2 199 34 Jonn o 42 9L T
ARV SRR R T R R B X 5 AR A
LR SPAD {HIFAE)E 14 d kBl KEZ 5 TR
FHIF] , H i AU AE 2 it 2 2 10 B A R S it
FITHRE] (X PLE %5 2019) e gk B K, A
FIFEFE BB G =i b AR AR 5 3

i EAN A I T B FE & M SPAD {H | bk & Y 3
T, B oK HLE B AR B TR O A B TR R
ERSHER AL NN 7 S YA E s WA TN
FERL™ 5 TR B BEAR A T AL 5 6 & 28 B
RECA YRR LA EREERETY
A EE RS (A, 2010) o ZE T A5 (2003 ) F5
TCHREE (2017 ) WF5T I8 & 35 7t A 68 9% 12 2F I A6 )5
BRAGEERZTY R AR i 2L R85
TY R R 5% 328 (Subedi et al.,2010) A F] T
FEE I A, AN 5T G 2 I, il R0 Ak BRI 4R
2R M FPRL M AT B LR REAE A Y
Wit AR« S” AR b R B H )AL BT 2R 0t
ﬂﬁiiﬁﬂlﬁ%ﬁ%v\ﬁﬁ’&%‘fﬁ,%ﬂﬁs,ﬂ;@ﬁﬁ%ﬁiJ&
KB ERAE, Z 5 WA R AR AR 5 R 5
FEAL (2= E 3 55,2009 ; [0 i F2 45 2017) , HA
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Table 7 Correlation analysis of grain yields and yield main components

2 R B Correlation coefficient

A
Variety
N X1 X2 X3 X4 Y
P4 9940 N 1
Xinong 9940
X1 0.363 1
X2 0.728 0.902 1
X3 0.673 0.926 0.985 =* 1
X4 —0.998 = -0.415 0.765 -0.713 1
Y 0.703 0.895 0.973 = 0.996 s -0.740 1
B3 s N 1
Qianku 3
X1 0.955 = 1
X2 0.900 0.946 1
X3 0.552 0.597 0.825 1
X4 -0.961 * -0.946 -0.809 -0.347 1
Y 0.175 0.363 0.587 0.837 -0.043 1

1B NBBERE; X1, SARERER, X2 BApRRIRL, X3, bR, X4, TR Y. APR)™E, R = M1 s 23 5IRIRTE 0.05 Al

0.01 7K I 5 AH5E

Notes: N. Nitrogen application rate; X1. Flower cluster per plant; X2. Grains per plant; X3. Grain weight per plant; X4. 1 000-grain

weight; Y. Grain yield. * and #** indicate significant correlations at the 0.05 and 0.01 levels.

ERW T M T Y R s R, ATy s
RETETYREZRARBMARNAG 25,
PUAC 9940 fy 25 M- T ) Jit % iz 2 bl 5 il 28 £ 119 3
PSS B TS T A R e o e U 2 G PR A
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Jo 5 Xof 2602 M 7 B AU S 3 S AR AR K
ZEMER B, M R R BN M, it A
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T SRR RIS I, kR IR AT IR | 22 AR SR AT KL
R R R, SRS TR R EA %Y
KEZR, TY R B bl R ™ 8w , il A2
HET YRR AR o IR G, TR SR
(2017) FIH 20 3557 b Fh A pERE, DA it &8 X
HE DUt U 60 kg - hm™ oA kb HIDKE 85 35 e R 4 R
HA R RE S OZE>1.2 t - hm?) |
s SR (PR 1.0~ 1.2 t + hm™) AU & Fb (77

POV
LI 3

H<1.0t - hm?) %53 Fi A I 0 AR it &40 B %
bR B AR R AR T B it BRI i, X
SRS SR — B, WOE I FE R AR AR P 25 IR
AR R IR P

T SN F 2 T R T 3 R S R 5 1 ) 1Y
PREL, DGHRAE (1994 ) A T AR B 32 22 32
SRS | B AR &, B i ] X
T J5 AR SR AR 5 ) % 94T D 55, T R K R Y TR
W, A FT 45 W it I R )
HE LR T SRR S ) F S 3 R MR AR 4 B AR
S H98 it 2N 2 7 8 A RO T 2 R | A K
ST [B] 3% BRI 1 S 1 2R 1 R AR OG it RUAE
PRV IFE I A48 RE RS A K, 2R X AR A e i
KRR, BARHLHEA T i — 5%

TE BRI B AT LA 2 R R W 1 7 i R
PR B, B 2R L i (SR AE 20105 255
ARAE,2012) , 5 FFE B SRR EE | SR ORI
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