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Dynamic changes of population structure and its
physiological—ecological characteristics in wheat under
different fertilizer and density regulations

SHAO Yun, LI Qiao, WANG Xueping, ZHANG Qianchen, ZHAO Yuge, ZHANG Yumeng
(College of Life Science, Henan Normal University, Xinxiang 453007, China)

Abstract To investigate the effects of high fertilizer application rate and high planting density (HT) cultivation
pattern on wheat population structure, canopy physiological and ecology, and grain yield, a field positioning
experiment was conducted in Xiuwu County, Jiaozuo City, Henan Province during the 2023 to 2024 period. Three
cultivation treatments were set up, including high fertilizer and high density (HT), medium fertilizer and medium
density (MT), and low fertilizer and low density (LT), which simulated the super-high-yield, high-yield, and
traditional farmer cultivation patterns in actual production, respectively. We surveyed and measured some
population structural characteristics and canopy eco-physiological indicators, including population density, leaf
area index (LAD , aboveground dry matter, green leaves per stem, flag leaf angle, post-heading canopy

temperature, flag leaf photosynthetic traits, photosynthetically active radiation (PAR) interception rate, and
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radiation use efficiency (RUE). Concurrently, wheat yield was determined, and principal component analysis
(PCA) was performed to evaluate the contribution of these measured indicators to grain yield. The results showed
that: 1) The population size was significantly increased in the HT treatment from the overwintering stage to the
green-up stage by increasing the number of basic seedlings (P<<0.05). At the flowering stage, the LAl was
10. 14% and 13. 76% higher than that of the MT and LT treatments, respectively, laying a structural foundation
for the construction of a high-yield population. 2) Sufficient nutrient supply under the HT treatment promoted
an increase in the number of green leaves per stem and a decrease in the top leaf angle, showing an upright
distribution trend, which was conducive to optimizing the light distribution within the population. Meanwhile, the
canopy temperature changed gently after heading, reducing the adverse effects of high-temperature stress on
grain filling. 3) The PARIR of the upper canopy in the HT treatment was increased by 14.81% and 19.23%
compared with that in the MT and LT treatments, respectively. At the same time, the net photosynthetic rate of
flag leaves was significantly improved (P<Z0.05), which further enhanced the population LUE. As a result, the
grain yield of the HT treatment was increased by 7.99% and 29. 27% compared with that of the MT and LT
treatments, respectively. In conclusion, in the high fertilizer and high density cultivation pattern, the formation
of a high-yield wheat population is promoted by optimizing the population structure, improving the canopy

physiological ecology, and enhancing the photosynthetic capacity, which provides a support for the sustainable

2025 4F 45 30 %

high-yield cultivation practices of wheat in northern Henan Province.
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Fig. 1 Precipitation and temperature in the experimental field during the wheat-growing season
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Table 1 Basic soil nutrient content before wheat sowing

b 2 H ML/ (g/kg) 2R/ (g/kg) WEE/(mg/kg) AR/ (mg/kg) W/ (g/kg)
Treatment Organic matter Total nitrogen NO;s-N NH,"-N Total phosphorus
HT 21.44 1.29 32.41 8.94 0.61
MT 20.75 1.25 27.67 7.93 0.52
LT 18.56 0.94 28.53 7.67 0.47

TE HT Sy g B 5 5 S AR BHZH, MUT Sy v IR Hh 2 S AR BREH LT O IR RIS 2 . R I
Note: HT stands for the high-fertilizer and high-density treatment group, MT stands for the medium-fertilizer and medium-density

treatment group, LT stands for the low-fertilizer and low-density group. The same below.
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Table 2 Different treatments of planting density and fertilization levels

FiEE R/ AHUE/(kg/hm* JEAE/ (kg/hm?) E- S B4y / (kg/hm*)
fibH (J1/ hm*) Organic fertilizer Base fertilize Base- Total nutrient rate
Treatment  Seeding Topdressing
density N PO, KO N P,0. KO catios N P,0. KO
HT 525.0 8.10 9.20 6.05 148.50 165.00 41.25 1.16:1.00  291.60 174.20 47.30
MT 450.0 7.60 7.65 5.40 135.00 165.00 37.50 1.41:1.00 243.85 172.65 42.90
LT 375.0 3.96 3.96 2.61 121.50 148.50 33.75 1.24:1.00  226.71 152.46  36.36

e AT HUAE A 224 M0 3K 1 A R 3 9 (N2 1. 6296, P2 1. 8490 K2 1. 21 %0) s IR AE AN 2 45 TE KA A B LB IS PR 3 fr i =43 %
Note: The organic fertilizer used was matured dry chicken manure purchased by local farmers (N: 1.62%, P: 1.84%, K: 1.21%). The

basal fertilizer was Jinzhengda compound fertilizer, and urea (N==43%) was applied as the top-dressing fertilizer.
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Table 3 Difference in wheat population quantity between growth stages under different treatments 77 /hm?

s A —iE T B — et —IF 1t I AE— 3 —
Treatment WS-RS RS-JS JS-AS AS-GS GS-MS
HT 1094.36435.08a —219.49+38.06a —182.72+19.25a —329.59+21.16a —35.904+12.82b
MT 817.50+£8.84b  —223.50+11.81a —68.00£10.67b —291.50+19.49b —59.50+10.95 a
LT 808.34+15.43b —222.80+11.64a —74.324£10.45b —278.60+19.14b —59.64+10.81 a

e 2 R B EUE T AR R /NG b R Ab B E] 25 55 835 (P<<0. 05, T,

Note: Different lowercase letters after the values within the same columns indicate significant differences among the treatments (P<<

0.05). The same below.
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With LT as the control, * and ** indicate significant and highly
significant differences at the 0.05 and 0.01 levels in HT or LT,
respectively. The same below.
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Fig. 2 Leaf area index of wheat under different treatments
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Fig. 3 Number of green leaves per tiller of wheat under

different treatments
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Fig. 4 Leaf inclination angle of the top leaves of wheat under

different treatments
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Fig. 5 Canopy temperature of wheat after heading under

different treatments
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Fig. 6 Photosynthetic physiological characteristics of flag leaves of wheat after heading under different treatments
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Table 4 Photosynthetically active radiation of wheat under different treatments during the grain-filling stage
JZ K
k7 fb 3 Layer Bt
Index Treatment W= T2 Total
Upper layer Lower layer
HT 75.56 a 16.51b 92.07 a
CR/?
/4 . MT 63.56 b 23.71 ab 87.26 b
PAR interception rate
LT 59.92b 25.02 a 84.94 ¢
HT 5.02a 1.10a 6.11a
IPAR/Cpmol/(m?s)
MT 4.22b 1.57 5.79b
Intercepted PAR 4
LT 3.98b 1.66 a 5.64¢
HT 24.44 a 32.78b 7.93¢
PeR/Y
R MT 36.44 b 38. 65 ab 12.74b
PAR transmittance
LT 40.08 b 39.16 a 15.06 a

Fr w0 A 4B DT RE AL 2t A, SE B BE
HRCR B R AL, i 7 BE5E e 1 2Rl
2.3 AELETNEFMREMIFH=E
2.3.1 T E®BETHAE

H1 P 7 Ji 7R (8 AN TR Ak 81N /A2 b ) Jo i ]

L, S T A B AR /N 32 M - ) R R R O AR R Ak
W, R R HT>MT>LT, £ HT 45 3
PR /INAZ AR T i BB . FE B HT Ab 3
(4 5 5 MT R LT 43 ) i 35 4 v 14 54 %
1 18.98% (P<C0.01) , MT % LT %4 i ik 3.87% .
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Table 5 Light-use efficiency of wheat under different treatments %

A F 3

fib 3 Growth stage BIERE R AR

Treatment

AP — 1T
SS-IS

PAT—IFAE
JS-FS

THAE— I RUEy
FS-MS

HT 0.82 10. 06
MT 0.71 8.75
LT 0.72 7.70

1.70 1.55
1.51 1.35
1.49 1.30

25000

20000

15000 F

10000 F

5000

i T/ (kg/hm?)
Above-ground dry matter accumulation

WS RS

A REH BT OJTEN R Y
IS AS GS MS

HEFIHY Growth stage
B7 ARLETNEM EFHURE

Fig. 7 Above-ground dry matter accumulation of wheat under different treatments

ENEEANETH O HT A BEAHR T MT A1 LT b3
MR T T s B, R 2R WA K. T
YiES a2 R EEMAC HT & TYRMAR
A H T H S I L -
2.3.2 IEHFEFEEAMREE

H1 2% 6 JIT 718 19 AS [ Ak 38 /0N 22 A b 7= it S L A4 g
28 AT 20, 3 Fh AL R /N Y T i 25 R (P
0.05) , HT &b 38 T /N 22 B ki %5 Fn B8 4% 0 25 15 m

(P<<0.05), T k.5 JC b 5w (P>0.05), HT 4t
R /N SRR L MT R LT 43 591 b 3 42 v
T 4.48% F118.61% (P<C0.05) , *F ¥4 Bk B AHH L
MT FLT 43 5] 2% 4 1 4. 780 F1 5. 240 (P<
0.05), HT 43 F/NA #7554tk MT A1 LT 50
T 7.99% F129.27% . 5 LTACEEA b, MT 4t #f
TR/ANEZBEEES T 1210%, &8N T
19.70% .

R6 ARELBNENHTEREMMEE

Table 6  Grain yield and its components of wheat under different treatments

b 3 g/ 7 /hm®) TR B/ Ok /58D TRLE /g 52 B 7 4/ (kg/hm™)
Treatment Spike number Kernels per spike 1 000-grain weight Yield
HT 599.034+4.58 a 44.27+0.12 a 42.19+1.03 a 10 708.87+50.58 a
MT 569.2042.89 a 42.25+0.91b 41.76+0.31 a 9916.16+£45.22 b
LT 505.0348.66 b 42.37+1.21b 41.49+0.45 a 8 283.98+£43.99 ¢

2.4 INEBEEBEXNIFRZERMASHT

N 53 BT 7N 22 B R 25 4 G 22 A 3 A 25 A 4R A
X R R B B R W K /N A2 A T AR S0 A A A R

B TE FRAE R b T B B R R AR S

Sk J2 U B I O G R R T S AR O TR A
STASBEARIE A5 4540 A A= 25 AE 0 R k47 £ Al
ST B R LA T, RPERRIEAE A= 1 B0 4 R
T A FEAEAA S 37. 741, 2 TTEK R K
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Table 7 Rotated loading matrix of principal component analysis for field indicators of wheat at different growth stages

- 31 . a3 1
A7 Lo i 4 N

Principle Principle

Index Index
component 1 component 1
7 JF e LAT
0.92 1.00

Yield LAT at AS
7 30 o J2 L Lo | mEEEETHR oo
Canopy temperature 30 d after heading ' Dry matter accumulation at JS '
#7830 d Pn 0. 39 IF A6 M 1 Wy B 0.99
Pn 30 d after heading ' Dry matter accumulation at AS ’
1B 00 T 5 - W B T R 000
Leal stem angle at HS ’ Dry matter accumulation at GS o
T AE W T - £A 0.41 JE e S 7/ D 0. 99
Leaf stem angle at AS ’ Dry matter accumulation at MS o
P 30 B 2 - 100 #i#0 d Pn L oo
Green leaves per stem at JS ' Pn 0 d after heading '
T AE 1 B 25 2 4 i ## 10 d Pn
. —1.00 . 0.99
Green leaves per stem at AS Pn 10 d after heading
A AT 100 T3 ) T 0 S £ 0. 99
LAl at WS ’ Leaf stem angle at GS o

82.045% , BEf% I WA [] iy 3 /)N 22 FE AN B 5 2 1
FEAAE B o RRAE 1 6F 1 8 27 (A 1R A O T
A B B AP B AR B R /N A A AR 0 T AR
BONEBANSERTW R NEBRAEE
o T R SR AR, R R TN A AR S
JEI A R AR . B4 1 S5 S 30 d 9 PnC0. 39) .
TEAE 4 CO. 41D i fily B 1 1) i e 1y (— 0. 02) 34 2 1
A O, o 57 R OC Y 2 o IR T T et e S A
(0.99) & 1 LAICL. 00) JFAE ] LAIC1. 00) .4k
BRI U e 7/l 5 G DO DI Aol i 2 3 I e i 7/ B 1
(0.99) I E T4 5T (0. 99) B L |+
B C—0.99) HF 0 d Pn(1.00) Flfl 78 10 d /Y
Pn(0.99),

33 i
3.1 AEIALIE X/ 2 B R 45 4 B0 2 1

AT 5E 38 2o o3 M A [a] it S A R b A 2 B X/
A HEA RS H B AE L 8 s T A B R ™ Ak
B v B BB S /DN 2 TR B R A R MR LA
F1%) R B A, 3l 257 b 4 R ) R AR R A
O R FTAE R R B, AN K [ 2 AT
ot — R AR . DNEEBEFRERH B
PR KA BT R T /N ZREERY R T X 5 HT 4b

PR AE A — 3R T 00RO RR o 2 (E 0 R T A b
PRS0 45 A — 2 B, A RO g /N 2 R AR
SR AR AR 7 N 1 R G 00N 22 R %5 R RN o
AHTE R BEE N R R B 0, R TR 2
MOGRE N FE MR s 0] BT RV A L NEE P S
He k1 R e AR B0 OE A OG A LAY R 25 4 L T
AE 3 - 1 AR RO R AR 6. 8~7. 4, FE IR I - 1k AR A
BRFRTE 4. 8~5. 4" FEME S £, i
Jiti 80 R o R % RE AT A AR Y /N 22 A S 0 i T AR AR
oA TRENEZEETTWHR R, X 5ARER
W HT Ab 3 7R JT AL LATH MT F1 LT &b 3 45 51
PR 10 14% M1 13.76% 45 - —3 ., SR,
EARNE A KM R E R T R E SR
HT &b B AR A 3 AR 4 15 7 M0 35 £ 1 PR bk &
MREC, I T /N2 L T XS BRI T AR
5 UE BH T i & i T8 AR ORI 3 3 2 0% il 7 i
SR —FB . N TR B AR R
B 8, N T e A AR N I AR T O
SV Y b it AR TS A 2R S A A 2 R
A—5, L, ALK b HT 40 H R B4 — iR 7 1
TR B30t 348 K T T, A6 1 i 4 A 5 K i - o AR A
B HREAAF N, BT I & 0 & B, {15
BRSO £, T e TN
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3.2 AEGEI/NEBHEEREESSFENZ M
AW FE T HT Ab 3876 3 0 01 3 9 i 8 3 19 A
FRAGHA, Sl B 40 d 7 2 TR AR AN A R T AR
e X Huang 282215 A9 AR 6728 1k 552 /N 9 5l
J2 R B RN A /N A7 7 i L OE A G Y BIF g 4 R — 2.
Wi 5 A AR B, A8 v 1) e S22 e P 2 o A R e O
AR FIEE w2 AR ST e HT b B Ak T 5541 56 )2 iR
JE LRSS A AR X MT LT 3o 45 3, B E T
/N IR O fEE . HT kbR /N 2 7F 4 55 42
o R B B A b R BB B TN
TS LT A P VT 4RV RE ST R R T
10 500 kg/hm* By 7K &, fEFF AL 5 21 d, /)N 22 e it
B Pnik 18. 8 pmol/(m*+s) , i i T 5E 1 1E K F] F
PRI DA TIRe RS E LG SRR L
MRE KR T A A B 2 1 X
A R SRR R T R B HT kb BE 2 16
AT R SRR N 75,56 %, B T H A AL B
FIREFRBE TYRR B KRS T YRR
w5 )R R G AR AU SRR 5L D 3 E A
K, HTZIEEMEHE, L2+ EE)E
G A SR SR L R 3R X B 0 A o1k
PR, HT AR R /ANESCRE AR MT fLT
O3S 14,81 % F119. 23% ,3X 5 PHPFAE S % T
S B8 I FH 2038 A0 X 38 e L2 5 /N 22 OFF R T R 1
WFFT 4 ie— 80, Mot nl W, HT Ab B A 5 )2 76 4k
R A AR K P B2 8 T /N 22 il B S R Y P, R B
RS CLHk BE 38 K T /N b 206 A AU 5 R
P T/NE LR R AR
3.3 AESEINETFYRMIFH =2 MM
AW HT 4 A 3 T 90 5 AE A 0] ik
22 836 kg/hm’, 5 MT Hl LT &b B A1 It 42 & T
14.54% F118.98% . 5K F MG B o8 £ B, & Y
JE R it ) kW) AR o R /N 2 0 7 e ol R R R /N
LA 3578 K- B F W R RN 3 R 3 LA K 3% 4 W i A
FIHBE S o AR & F  HT A B T /N2 AT
R A L MT LT 381 7. 99% F129. 27% .
F RS BT R B, R G R A R R R A
ORI IF A6 S0 Y ot B R T I A T T
TR O A R . S R S5 TSN
FEAS R T B B A bR A R i R
PR /N2 PR Y R DL E s KUAE S GE (1
JIN 27 61 T FR S B0 i i v R AR 3k B B
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4 & it
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