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Yield differences of modern maize varieties and typical biological
characteristics of high-yield maize varieties
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Abstract: [ Objectives ] The study compared the differences in yield, agronomic traits, dry matter accumulation,
and nutrient utilization efficiency among various maize varieties, aiming to identify the typical biological
characteristics of high-yielding maize varieties, and offer a scientific basis for the selection of high-yielding maize
varieties. [ Methods ] A total of 76 maize varieties, which were widely promoted in the central Hebei Plain, were
collected and tested in a field experiment in Wangdu, Hebei Province. At physiological maturity, plant height, ear
height, and stem diameter were investigated. The accumulation of dry matter and nitrogen (N), phosphorus (P),
and potassium (K) in different parts of maize were determined. Yield and yield components were also analyzed.
Finally, we used the correlation and path analysis to identify the main traits influencing high-yielding maize.

[ Results ] The yields of 76 maize varieties ranged from 7.4 t/hm’ to 13.5 t/hm?, with a maximum yield gap of
6.1 t/hm’. Using cluster analysis with a Euclidean distance of 1.8 t/hm’, the 76 varieties were classified into high-

yield (50 varieties), medium-yield (21 varieties), and low-yield (5 varieties) types. Compared to low-yielding
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varieties, the high-yielding varieties exhibited significantly greater ear length, kernels per row, and kernels per ear
by 11.6%, 9.4%, and 11.0%, respectively, and lower bald tip length by 50.0%. Compared to medium and low-
yielding varieties, the high-yielding varieties showed significant increases in 100-kernel weight, grain and total
dry matter accumulation by 6.1% and 21.6%, 25.1% and 56.6%, and 16.6% and 40.1%, respectively. Additionally,
the accumulation of N, P, and K in leaves, grains, and overall, as well as the K accumulation in the cob, along
with the nutrient use efficiency of N, P, and K, were all significantly improved. Kernels per ear, 100-kernel
weight, ear length, bald tip length, total dry matter accumulation, total N and P accumulation, and grain K
accumulation of high-yielding varieties were all (extremely) significantly correlated with yield. These eight
indicators could explain 75.1% of the yield variation. The direct impact on yield ranked as follows kernels per
ear>100-kernel weight>total N accumulation>bald tip length>ear length>grain K accumulation>total P
accumulation>total dry matter accumulation. 100-kernel weight had the greatest indirect impact on yield, followed
by total dry matter accumulation. [ Conclusions ] Genotype plays a significant role in determining the yield level
of maize. High-yielding maize varieties demonstrated superior performance in terms of kernels per ear, 100-kernel
weight, ear length, dry matter accumulation, and N, P, and K accumulation, along with notably shorter bald tip
lengths. Therefore, for the selection of high-yielding maize in the central Hebei Plain, attention should be paid to
the coordination of both apparent agronomic traits (e.g., kernels per ear, 100-kernel weight, ear length, and bald
tip length) and internal physiological indicators (e.g., N, P, K, and dry matter accumulation).

Key words: maize varieties; yield difference; agronomic traits; dry matter accumulation; nutrient accumulation
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Fig. 1 Yield and yield clustering of the tested maize varieties
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(P<0.05),

Note: AV, HV, MV and LV represent all varieties, high-, middle- and low-yielding varieties, respectively. In Fig. 1-A, the upper and lower
boundaries of the box plots represent the quartile of 75% and 25%, respectively; the short lines and the squares inside the box plots represent the

median and the mean of yield, respectively; different lowercase letters above the boxes indicate significant difference among the varieties at different

yield levels (P<0.05).
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Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. The upper and lower boundaries of the box plots represent
the quartile of 75% and 25%, respectively; the short lines and the squares inside the box plots represent the median and the mean of yield,

respectively. Different lowercase letters above the boxes indicate significant difference among the varieties at different yield levels (P<0.05).
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Table 1 Ear indicators of maize varieties at different yield levels

BEKT 3N HEHL FRK REATEL iy 5 R AR
Vi i level Ear length Ear diameter ~ Bald tip length ~ Row number Kernel number Kernel number 100-kernel weight
ield leve
(cm) (cm) (cm) per ear per row per ear (2)
HV 17.82+1.68 a 4.2540.46 a 0.18+0.16 b 15.88+1.14 a 37.40+2.20 a 592.06+41.13 a 36.93+2.62 a
MV 17.06+1.20 ab  4.10+£0.35a 0.19+0.23 b 15.57+1.73 a 37.20+2.76 a 576.46+56.19 ab 34.80+1.78 b
LV 15.97+1.91b 3.81£0.30 a 0.36+£0.27 a 15.5742.22 a 34.20+3.33 b 533.25+107.88 b 30.37+3.19 ¢

TE: HV. MV, LVRilfCEReED™ . ™ 7 B RSB e A RN S BER R R )7 KPR 22 53 .2 (P<0.05).

Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. Different lowercase letters after data in a column indicate

significant difference among varieties at different yield levels (P<0.05).
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Table 2 Dry matter accumulation, distribution and ratio of grain to leaf of maize varieties at different yield levels

N T4t 2L Dry matter accumulation (kg/hm?) T4 B Dry matter distribution (%) i
Y TR mF mR mm B 6 & R ma Reioofzmin

Leaves Stalks Grains Cobs Total Leaves Stalks Grains Cobs to leaf

HV 4065.5a 29548 a 9843.6 a 1132.0a  17996.0 a 22.65¢ 16.30 a 54.77 a 6.28 a 243 a

MV 3955.0a 2537.5ab  7868.0b 1076.0a 154383 b 25.63b 16.26 a 51.15b 6.96 a 2.02b

LV 3499.7b 220420 62859 ¢ 859.1b  128489c¢ 2743 a 16.88 a 49.10b 6.59 a 1.81b

IE: HV, MV, LVRUEERE = e A=Al [RIFVEUR G AR/ ING TR R AR R 7= K R 2L T 22 53 2. 3 (P<0.05) .

Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. Different lowercase letters after data in a column indicate

significant difference among varieties at different yield levels (P<0.05).



2 4 VT, A BRI 7 i 2 5 K 77 SR R Y SR A ) 2 A 231
R3 FEFEBKENERARRRERES L SE
Table 3 Nitrogen accumulation and distribution in different parts of maize at different yield levels
KT R Z B N accumulation (kg/hm?) R ZEMEC N distribution (%)
Yield level  nf-Ji- Leaves 22T Stalks  #Fki Grains  Flifgh Cobs  SfF Total M Leaves 24FT Stalks KL Grains i Cobs
HV 57.00 a 26.75a 132.63 a 372a 220.11a 2572 a 12.22 a 60.36 a 1.71a
MV 44.69 ab 2349 a 117.98 ab 330a 189.45b 23.36a 1244 a 62.44 a 1.76 a
LV 36.15b 20.70 a 102.66 b 326a 162.76 ¢ 2195a 1291 a 63.14 a 2.00 a

{E: HV. MV, LVRilfUReEy™ . o™ R sl RSB IS A R /NG 5B 3m A [ K P gl 2 8] 22 57 .2 (P<0.05).

Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. Different lowercase letters after data in a column indicate

significant difference among varieties at different yield levels (P<0.05).
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Table 4 Phosphorus accumulation and distribution in different parts of maize at different yield levels

KR 52 B P accumulation (kg/hm?) W2 53l P distribution (%)

Yieldlevel  mf-H- Leaves 25T Stalks APk Grains  Flifll Cobs  fid# Total M Leaves Z5#T Stalks  #Fki Grains  ifili Cobs
HV 6.35a 6.53a 2741a 195a 4223 a 15.04 ab 1545a 64.89 a 4.62a
MV 6.63 a 6.07 a 2490 b 195a 39.56b 16.77 a 1535a 62.95a 493 a
LV 529b 6.34a 24.54b 1.77 a 3793 b 13.94 b 16.71 a 64.69 a 4.66 a

IE: HV, MV, LVARHERE = e =il [RIFVEURIE ARG TR R AR R 7= K AL ] 2 53 .3 (P<0.05).

Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. Different lowercase letters after data in a column indicate

significant difference among varieties at different yield levels (P<0.05).
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Table 5 Potassium accumulation and distribution in different parts of maize at different yield levels

KT A 2% B2 K accumulation (kg/hm?) HIZ 53T K distribution (%)

Yieldlevel  pf-H- Leaves 25FF Stalks  #Phi Grains  fi4l Cobs Akt Total MK Leaves Z5#T Stalks  #FHi Grains il Cobs
HV 4547 a 131.01 a 3374 a 10.70 a 22093 a 20.58 a 59.30 a 1527 a 484 a
MV 4390 a 131.63 a 27.44 b 10.57 a 213.54 ab 20.56 a 61.64 a 12.85a 495a
LV 37.61b 12351 a 25.85b 8.48b 195.40b 19.24 a 63.19 a 13.23 a 4.34a

HE: HV, MV, LVARHERE = = A=Al [RIFVEUR G ARG TR R R AR R 7= K AL ] 22 53 .3 (P<0.05).

Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. Different lowercase letters after data in a column indicate

significant difference among varieties at different yield levels (P<0.05).
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Fig. 3 Nutrient utilization efficiency of maize varieties at different yield levels
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Note: HV, MV and LV represent high-, middle- and low-yielding varieties, respectively. The upper and lower boundaries of the box plots represent
the quartile of 75% and 25%, respectively; the short lines and the squares inside the box plots represent the median and the mean of yield,

respectively. Different lowercase letters above the boxes indicate significant difference among varieties at different yield levels (P<0.05).
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variance inflation factor)<5, HAXHE (DW, degree
of autocorrelation)=2], W&48hnel HAA R, FK™
WA R, B EIE TR (£ 7):

Y=3263.58+3.83xKN+58.74xHKW+66.97xEL—
815.31xBTL+0.05xDM+4.43xN+25.31xP+12.89xGK
(R*=0.751%%%)
A, Y byt (vield); KN WAL (kernel number
per ear); HKW A Ki B (100-kernel weight); EL iy
I (ear length); BTL AT K (bald tip length);

DM Jy s Ty B FH & (total dry matter accumulation);
N MR B (nitrogen accumulation); P A Bl
(phosphorus accumulation); GK A¥FRi 4P R &
(grain potassium accumulation),
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(0.113)>2T# it RFLE (0.105) &K E
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YRR 2 (BTHEN 0.346).

3 hie

31 SFEREMRZHREHES 7
KR AR R IR AR SCNE, RAF
A RER PR R R A B . A BT R
KU, TORBEC . ROML, MEORIBC. ORIE Rl AL R
B R BEEE I a S, PR R
HHLE, MR, moRCE AR AT
SRR, R AR T BOrE AN () 7= 7K i o 281 ]
2=, R MRS . AR,
ISR TAC RO R A i o (AWl S U TSRS N



2 44 IVET, S BURTOR AR 0 22 55 B ™ oK R i SR A 22 i 233

Y Y |057 |0.60 —-0.39 1.0
KN [ kN
0.8
HKW [#% & HKW
EL | & EL
0.6
BTL | ® BTL 042
LDM LDM 104
SDM SDM 0.75 -0.44
CDM * | # CDM 0.59 4 02
DM | #* * * ok . &% DM
LN * LN 40
GN | & o GN
TN B 3k * * i TN . 702
LP LP
GP [ * GP 047 04
TP | & ok * TP
-0.6
LK ® @ LK
GK *k * ES GK
-0.8
CK & & CK
TK * * ko . * TK 710
-z a4 2 zZ zZ Z M B e M M M M
55 22 EEEEGBE NG ENEE S
T 4 @« O

El 4 SEERGMARTYZHES=SNHEXEDI T
Fig. 4 Correlationship between yield and typical biological characteristics of high-yielding maize varieties

T Y—77&; KN—HR4; HKW—E R & ; EL—#K; BTL—RARK; LDM—M T¥ I REE,; SDM—ZEF T4 i B ;
CDM—HEAl T BT R e s DM—E T B 2R s LN—H R AR, GN—FPR A SR, TN—REREBUR ;. LP—it A 2R
GP—AFRIfE BB s TP—EBE R s LK— A8 B2 GK—HPRiH R Bl CK—RRAM T R, TK—BH0 2, *—P<0.05;
*—pP<0.01; ***+*—pP<0.001,

Note: Y—Yield; KN—Kernel number per ear; HKW—100-kernel weight; EL—Ear length; BTL—Bald tip length; LDM—Leaf dry matter
accumulation; SDM—Stalk dry matter accumulation; CDM—Cob dry matter accumulation; DM—Total dry matter accumulation; LN—Leaf nitrogen
accumulation; GN—Grain nitrogen accumulation; TN—Total nitrogen accumulation; LP—Leaf phosphorus accumulation; GP—Grain phosphorus
accumulation; TP—Total phosphorus accumulation; LK—Leaf potassium accumulation; GK—Grain potassium accumulation; CK—Cob potassium
accumulation; TK—Total potassium accumulation. *—P<0.05; **—pP<0.01; ***—pP<0.001.
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Table 6 Regression analysis of typical biological characteristics of high-yielding maize varieties

Ef=U MIEES 3 RHOIEES AR C R KL H Sigfil
Index Regression coefficient Standard regression coefficient Partial correlation t-values Sig-values
KN 3.833 0.268 0.568 2.506 0.000
HKW 58.740 0.241 0.598 2.262 0.000
EL 66.969 0.199 0.370 2.120 0.009
BTL —815.314 —0.218 —0.391 —2.142 0.006
DM 0.047 0.105 0.452 0.980 0.002
N 4.428 0.234 0.556 2.167 0.000
TP 25.308 0.113 0.378 1.056 0.007
GK 12.890 0.181 0.415 1.829 0.003

TE: KN—HRE; HKW—ERE ; EL—HK; BTL—FARK; DM—UTH5 BE,; IN—MAERBE; TP—Hu RHE; GK—rh
AR

Note: KN—Kernel number per ear; HKW—100-kernel weight; EL—Ear length; BTL—Bald tip length; DM—Total dry matter accumulation;
TN—Total nitrogen accumulation; TP—Total phosphorus accumulation; GK—Grain potassium accumulation.
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Table 7 Variance analysis of typical biological characteristics of high-yielding maize varieties

SR KI5 HHE By PlH Sigfti
Source of variation Sum of squares Degree of freedom Mean square F-values Sig -values
[ Regression 10450995.918 8 1306374.490 12.044 .000 b
4%2% Residual error 3470904.268 32 108465.758
J31 Total variation 13921900.186 40
{15 J7#2 Fitted equation Y=3263.58+3.83xKN+58.74xHKW+66.97xEL~815.31xBTL+0.05xDM+4.43xN+25.31xP+12.89xGK
R 0.751

TE: Y—" s KN—HUA; HKW—ERE; EL—HK; BTL—RRK; DM—R TR RERE; N—A2RME; P HE; GK—#F
AL R

Note: Y—Yield; KN—Kernel number per ear; HK W—100-kernel weight; EL—Ear length; BTL—Bald tip length; DM—Total dry matter accumulation;
N—N:itrogen accumulation; P—Phosphorus accumulation; GK—Grain potassium accumulation.
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Table 8 Path analysis of typical biological characteristics of high-yielding maize varieties

ok HEREK [A]4% 2 %% Indirect coefficient

Index Direct coefficient KN HKW EL BTL DM N TP GK 431 Total
KN 0.268 0.076 0.011 0.028 0.036 0.113 0.020 0.015 0.300
HKW 0.241 0.085 0.041 0.038 0.038 0.074 0.013 0.069 0.357
EL 0.199 0.015 0.049 0.039 0.005 0.027 0.027 0.008 0.172
BTL -0.218 —0.035 —0.042 —0.036 0.000 0.002 —0.047 —-0.016 -0.174
DM 0.105 0.092 0.087 0.010 —0.001 0.081 0.036 0.039 0.346
TN 0.234 0.129 0.076 0.023 —0.002 0.036 0.007 0.052 0.322
TP 0.113 0.046 0.028 0.048 0.091 0.034 0.015 0.003 0.265
GK 0.181 0.022 0.092 0.009 0.020 0.023 0.067 0.002 0.234

T KN—HR%; HKW—FRE; EL—HiK; BTL—RARK; DM—URTYR EME; IN—RARBE; TP—UBRBE; GK—Hk
PR

Note: KN—Kernel number per ear; HKW—100-kernel weight; EL—Ear length; BTL—Bald tip length; DM—Total dry matter accumulation;
TN—Total nitrogen accumulation; TP—Total phosphorus accumulation; GK—Grain potassium accumulation.
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