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Abstract: To clarify the mechanisms by which cultivation measures affect wheat tiller productivity and
the differential responses between varieties, a split-plot experiment was conducted to investigate the
effects of nitrogen application rates and planting densities. The study focused on a large-spike variety,
Shiluan 02-1, and a multi-spike variety, Taishan 27, analyzing stem-tiller photosynthetic perform-
ance, nitrogen metabolism enzyme activity, and grain weight per spike. The results indicated that ni-

trogen and density regulate population quality by modulating “source-sink” relationships, with signifi-
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cant varietal differences observed. Shiluan 02-1 exhibited higher sensitivity to nitrogen. Following ni-
trogen application, the increase in glutamine synthetase(GS) activity in its dominant grains(9. 6% —
30.0%) was significantly greater than that in Taishan 27(1.2% —11.6%). Conversely, Taishan 27
demonstrated more stable photosynthetic performance, maintaining higher absolute flag leaf photo-
synthetic rates(P,). Its post-anthesis P, maintenance rate was significantly higher(77.5% —83. 6 %)
compared to Shiluan 02-1(71.5% —78.3%), indicating that the multi-spike variety can sustain a lon-
ger duration of population “source” activity. Increased planting density reduced grain weight per spike
for both varieties; however, the reduction was more drastic for high-position tillers(e. g. , 3N) in Shi-
luan 02-1, reaching up to 88.0%. Taishan 27 possessed a stronger tiller-to-spike conversion ability;
although individual spike weight decreased under high density, it maintained a higher spike formation
rate. In summary, Shiluan 02-1 maximizes yield under “medium-low density and high nitrogen” con-
ditions by fully exploiting its nitrogen response potential. In contrast, Taishan 27 is better suited for
“medium-high density and moderate nitrogen” conditions, utilizing its tillering advantage to ensure
stable population yield. Therefore, achieving high-yield and high-efficiency wheat cultivation requires
differentiated nitrogen and density management strategies tailored to the specific source-sink charac-
teristics of each variety.

Keywords: Wheat; Nitrogen application; Planting density; Grain weight per spike; Tillering and pani-

cle formation

TR /N AR R G A 7 Y BRI
Xof T A B BT Ak 80 %0 . A B AL RE
PEm /ANAE I O EUOR SEROE A B R TG A
AL AR B oA %5 B /N 2206 & VR
A7 H AR L 35 BT 2% B AT 4 s T A 5 A
T AR AT 442 1 7 5 S0 ) 3 o 2 o8 14Ok A 3
RO AR . mIE AR R SRR
R BT RE A RO /N e Y A O 2055
kg « hm *,i& % E N 3. 75X 10°Fk « hm *;24
i =N 285 kg « hm 2 B, @ HBEE N 3.0X
10°Fk hm 250, ERE§EHL 0~270 kg « hm ? Jifi
GRHR (] /)N 22 THE I I 5 225 o R R ' 3 236 B it
R L UR] R i s A
G IEE, # 5 R 4PEE POD, SOD 3 1, B
0 MRS N o SR Ak IR N R D . INE TR
17 d Z PN A9 THE I i 2 3R i I R AT %8 R B T
REARE . A& B E A RE R I S R
WS HAOLARE R . GS(R & B A
JSC I ) S A 0 2RI O B il L B R LT M AT A

R BRI 8 e B SRR 5 AN e A

LR, 58 T B 1 it 0F /N A 32 25 R o B8 2 1
Z TR A . ASAIT T LR AR 2 X
MR R R AL AT PSS R RE R /N 22 W ol )
O BRI N H AR BRI 22 e WL R % 4 O o B
ZRBEA A A RO Ry 48 e /N 22 7 i ) R G A it 7
TE RS

1 ## 57

1.1 RS8R

I T 2019—2021 4EAE o = Ak Bl 27 Be AE
YRR 5% T AL BT 56 6 (39°57'NL 116°19'E)
AT, HEEF L. pH B 7.3, 0~20 cm
BHZE AR R E 1,/ NEERKRERE
SN
1.2 RWi&it

PR/ A2 SRy R R S RO S 02-1(C) &
AL SRR 27 (C) o IR R X &3, £
X A3 A &= Ny (0 kg « hm?) N, (120 kg *

K1 HE(0~20cm)TEEMFES

Table 1 Basic nutrient contents in soil(0~20 c¢m)
I A HLBT o) e T K AL
N -~ Organic matter/ Total nitrogen/  Nitrogen hydrolysis/  Available phosphorus/  Available potassium/
car (g kg™ (g kg™ (mg « kg™ 1) (mg * kg™ 1) (mg * kg™ 1)
2019—2020 11.6 1.3 124.4 12.5 181
2020—2021 22.3 1.9 112.8 15.6 190
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Fig. 2 Schematic diagram of tiller formation
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Fig. 4 Effects of different treatments on nitrogen content in leaves from each tiller
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Table 2 Nitrogen content of each tiller in 2019—2021 growth seasons %
o 0 IN 2N 3N IN-1 AN IN-2 2N-1
Treatments 5550 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2020 2020
N, D, C, 0.45h  0.31gk  0.55fg  0.38de  0.53fg  0.36 0.50 0.35 0. 54e 0.36 0. 49 0.45 0.49
N, D, C, 0.30i  0.28ik  0.32)  0.29¢[  0.31h 0.26 0.27 — 0.32¢g 0.27 — — 0.37
N, D, C, 0.43h  0.26jk  0.59¢f  0.29¢f  0.54fg  0.28 0. 44 — 0.51e 0.34 — — 0.50
N, D, C, 0.45h  0.32gk  0.46i  0.3lel  0.50g 0.34 0.56 — 0.45( — — — 0.61
N, D, C, 0.45h  0.24k  0.48hi  0.25(  0.62d 0.33 0.62 — 0. 53¢ 0.30 — — —
N, D, C, 0.34i  0.29hk  0.32)  0.30el  0.31h — — — 0.31g — — — —
N, D, C, 0.69cd  0.42d-g  0.65d  0.45cd  0.61d 0.49 0.81 0.55 0.73¢ 0.41 0.74 0.65 0.68
N, D, C, 0.45h  0.39dh  0.51gh  0.37de  0.55( 0.43 0.57 0.54 0.55¢ 0. 40 — — 0.49
N, D, C, 0.68cd  0.39d-h  0.78ab  0.50bc  0.74bc  0.45 0.76 — 0.88b 0.48 0.69 — 0.70
N, D, C, 0.71c  0.36fj 0.77bc  0.37de  0.63d 0.41 0.69 — 0.57de  0.39 — — 0.50
N, D, C, 0.6lefl  0.37¢i  0.56f  0.43cd  0.76bc  0.44 1.00 — 0.99a 0.52 — — 0.69
N, D, C, 0.6lefl  0.36gj 0.63de 0.35d-f 0.59de  0.38 — — 0.62d — — — —
N, D, C, 0.92a  0.66a  0.8la  0.63a  0.86a 0.72 0.95 0.79 0.92b 0. 64 0.82 0. 80 0.84
N, D, C, 0.66d  0.47cde  0.73¢  0.50bc  0.73bc  0.56 0.71 0.47 0.79c¢ 0.65 0.70 0.66
N, D, C, 0.76b  0.54bc  0.74c  0.58ab  0.75bc  0.48 0. 80 0.70 0.89b 0.53 — — 0.82
N, D, C, 0.58f  0.49bed  0.66d  0.45¢cd  0.72¢ 0.50 — 0.57 0.73¢ 0.58 — — 0.55
N, D; C, 0.65de  0.58ab  0.73¢c  0.68a  0.77b 0.59 0.80 — 0.76c 0. 60 — — 0.67
N, D, C, 0.51g  0.47cdef 0.49hi  0.60ab  0.56ef  0.54 — — 0.52¢ 0.59 — — —
N N, 0.40c 0.28¢  0.45¢  0.30c  0.47c  0.31  0.48  0.35  0.4dc  0.32  0.49  0.45  0.49
N, 0.63b  0.38b  0.65b  0.41b  0.65b 0.43 0.77 0.55 0.72b 0. 44 0.72 0.65 0.61
N, 0.68a  0.54a  0.69a  0.57a  0.73a 0.57 0.82 0.63 0.77a 0. 60 0.82 0.75 0.71
D D, 0.58b  0.42a  0.60b  0.44a  0.60b 0.47 0.64 0.54 0. 64b 0. 46 0.68 0.65 0.59
D, 0.60a  0.39a  0.67a  0.42a  0.65a 0.41 0.65 0.64 0.67a 0. 46 0.69 — 0.61
D, 0.53¢  0.39a  0.54c  0.44a  0.60b 0.46 0.81 — 0.62b 0.50 — — 0.68
c G 0.63a  0.42a  0.65a  0.47a  0.69a 0.46 0.74 0.60 0.75a 0. 46 0.69 0.63 0.67
0.51b  0.38b  0.54b  0.39b  0.54b 0.43 0.56 0.53 0.54b 0.48 — 0.70 0.53
"""""""""""""""""""""""""""""""""""""""""""""" FREMHT Analysis of varianee
"""" N 479.85°° 176.98°" 530.84°° 241.79°° 893.61°° sz
D 30.58" NS 154,25 NS 19.96° 8.26""
C 495.74° " 6.68° 427.38° " 12.06° " 419.99"" 713.33""
NXD  44.35"" NS 54,26 5.00°  36.46"" 37.66"
NXC 52.98"  7.42°°  59.92 NS 11477 24.18""
DXC  101.47°° NS 18.13"" NS 48,747 19.06" "
NXDXC 18.35"" NS 36.09°" NS 9.30"" 10.30" "
2020:2019—2020 4RI ;2021:2020—2021 4 s N: BUKA s D 8 BEAK 5 C i B s 18 50 B4t I AN [8] 7 A 28 738 AN [ Ak BRI 2% 57 42 =6 (P
<C0.05); * ; P<C0.05; x * ;P<C0.01, FId,

2020:2019—2020 year;2021:2020—2021 year; N: Nitrogen level;

dicates significant differences among treatments; * . P<C0,05; * * ;P<C0.01. The same below.

D: Density level; C: Cultivar; Different letters following data in-
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Table 3 Photosynthetic pigments of flag leaf of each tiller with different treatments mg - g !
ZEBE Tiller

Treziirir%ents O 1IN 2N 3N IN-1 4N 1IN-2 2N-1

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2020 2020

N, Chla 4.36 4.24 3.88 3.78 3.71 3.62 3.13 3.43 3.21 3.33 3.01 3.17 239

Chlb 1.45 1.49 1.18 1.21 1.16 1.19 1.13 1.03 1.09 1. 04 1.09 1.15 1.10

Chla+Chlb ~ 5.81 5.73 5.06 4.99 4.87 4.81 1.26 1. 46 4.29 1.38 1.10 1.33  3.49

Chla/Chlb 3.06 2.85 3.29 3.11 3.21 3.05 2.76 3.31 2.95 3.19 2.77 2.76 2.72

Car 0.59 0.58 0.58 0.56 0.57 0.55 0.55 0. 60 0. 54 0.56 0.51 0.46  0.53
N, Chla 474 460 469 446 881 424 347 3.97  3.90 376  2.90  3.28  3.53

Chlb 1. 39 1. 44 1.35 1.43 1.24 1.11 1.22 1.05 1.23 1.28 1.13 1.24 1.16

Chla+Chlb 6. 14 6.04 6.04 5.89 5.08 5.35 4.69 5.02 5.13 5.04 4.02 4.52 4.69

Chla/Chlb ~ 3.43 3.19 3.50 3.12 3.10 3.83 2.87 3.79 3.15 2.94 2.57 2.64 3.04

Car 0.62 0. 60 0. 60 0.57 0.58 0.63 0.56 0.63 0.56 0.54 0.53 0.50 0.54
N, Chla 518 501 472 4.80 415 446 3.70 411 349 3.93  3.56  3.85  3.78

Chlb 1.56 1.62 1.45 1.43 1. 38 1.28 1.26 1.12 1.26 1.12 1.21 1.33 1.25

Chla+Chlb 6. 74 6.63 6.18 6.23 5.53 5.73 4.96 5.23 4.76 5.05 4.77 5.18 5.04

Chla/Chlb 3. 32 3.09 3.27 3.36 3.07 3.49 2.93 3.65 2.77 3.52 2.95 2.89  3.02

Car 0. 64 0.62 0.61 0.62 0.59 0. 64 0.57 0.62 0.57 0. 64 0.54 0.45 0.55
"D, Chla 509 485 459 451 422 442z 372 432 403 412 320 350 371

Chlb 1. 60 1.68 1.47 1. 50 1.41 1.35 1.28 1.08 1.31 1.28 1.16 1.26 1.24

Chla-+Chlb 6. 69 6.53 6.07 6.01 5.63 5.77 5.00 5. 40 5.34 5. 40 4.35 4.80  4.95

Chla/Chlb ~ 3.18 2.88 3.12 3. 00 3.01 3.29 2.90 3.99 3.08 3.22 2.76 2.79 2.99

Car 0. 64 0.61 0. 62 0.61 0. 60 0.63 0.58 0. 66 0.58 0. 60 0.53 0.46  0.55
D, Chla 467 453 436 437 879  4.05  3.30  3.80  3.50 3.6 278  — 552

Chlb 1.42 1.47 1.31 1. 30 1.25 1.16 1.18 1.01 1.21 1. 14 1.08 1.16

Chla+Chlb 6. 10 6.00 5.66 5.67 5.04 5.21 4.48 4. 81 4.70 4.83 3.85 4.48

Chla/Chlb 3.30 3.09 3.34 3.36 3.07 3.48 2.80 3.75 2.91 3.23 2.58 — 2. 86

Car 0.62 0. 60 0. 60 0. 60 0.58 0.61 0.56 0.63 0.56 0.59 0.52 — 0.54
D, Chla 452 447 434 416 370 8.8 299 3.3 307 32  —  — 210

Chlb 1.38 1. 40 1.21 1.27 1.12 1.07 1.07 0.94 1.07 1.02 — — 1.04

Chla+Chlb 5. 90 5.87 5.55 5.43 4.81 4.92 4.06 4.33 4.14 4.23 — — 3. 14

Chla/Chlb ~ 3.32 3.20 3.59 3.28 3.31 3.62 2. 80 3.62 2.88 3.15 — — 3.03

Car 0. 60 0.59 0.57 0.55 0.56 0.58 0.52 0.58 0.53 0.55 — — 0.51
G Chla 462 455 431 420 386 4.02  3.30  3.72 342 359  3.09  3.38  3.00

Chlb 1.42 1. 44 1. 30 1.34 1.21 1.16 1.16 0.95 1.16 1.11 1. 14 1.24 1.13

Chla+Chlb  6.03 5.99 5.63 5.54 5.07 5.18 4.46 4.66 4.58 4.70 4.23 4.62 4.13

Chla/Chlb 3. 30 3.16 3.35 3.13 3.21 3.46 2.84 3.93 2.93 3.24 2.72 2.74 2.98

Car 0. 60 0.59 0.58 0.56 0.56 0.58 0.54 0. 0.54 0.57 0.53 0.48  0.53
G, Chla 490 4.69 4.5 449 3.95 420 362 3.95 3.65  3.76 — 3,99 3.59

Chlb 1.52 1.59 1. 36 1.37 1.31 1.22 1.27 1.08 1.22 1.19 1.35 1.24

Chla+Chlb 6. 42 6.28 5.89 5.86 5.25 5.42 1.88 5.03 4.87 4.95 5.34 4.82

Chla/Chlb 3.24 2.94 3.35 3.28 3. 04 3. 44 2.85 3.68 2.98 3.17 2.96 2.89

Car 0. 64 0.61 0. 62 0.61 0. 60 0.63 0.59 0. 64 0.57 0.59 0.43  0.57

Chla: 28 % a ;Chlb: M4 K b; Car . KW 8 MK,
Chla: Chlorophyll a; Chlb: Chlorophyll b; Car: Carotenoid.
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