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Analysis of main agronomic traits of low-fertility-tolerant and high-yielding maize
varieties
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Abstract: In this study, field experiments were conducted in nitrogen and phosphorus co-limited soil treated with and
without fertilizer application to analyze the differences in plant traits, ear traits, and yield of ten maize (Zea mays)
varieties. The aims were to explore the differences in low-fertility tolerance among maize varieties, and identify the
main agronomic traits of low-fertility-tolerant and high-yielding maize varieties, thereby providing a scientific basis
for selecting and breeding maize varieties that are suitable for low-to-medium-yielding fields with nutrient
deficiencies. Based on the average yields under these conditions, the ten maize varieties were classified into three
types: low-fertility-tolerant and high-yielding type (HB), low-fertility-intolerant and high-yielding type (HNB), and

low-fertility-intolerant and medium-yielding type (SHNB). The yield increase from fertilization of the HB-type was
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significantly lower than that of HNB and SHNB types. Without fertilizer in low-fertility soil, the HB-type exhibited
significantly greater plant height, ear height, ear length, kernels per row, and kernels per ear, compared to HNB
and SHNB types, while the bald tip length was significantly shorter, and the coupling coordination degree of
agronomic traits was significantly higher. Under fertilization, although the above agronomic traits of the HB-type did
not differ significantly from those of the HNB-type, they were significantly higher than those of the SHNB-type.
Boundary line analysis of agronomic traits and yields revealed that, to achieve a target yield of 12000 kg+ha ' in low-
fertility soil, the suitable ranges for agronomic traits of the HB-type were: ear length 17. 80— 20. 42 cm; bald tip
length <C0. 05 cm; kernels per row 34.32—40. 36; kernels per ear 578.95—691. 55; 100-grain weight 34. 31—
39.70 g; plant height 229. 43— 256. 98 cm; and ear height 103. 38—125. 52 cm. In conclusion, in low-to-medium-
yielding fields with nitrogen and phosphorus co-limitation, the HB-type maize varieties achieved a significantly higher
kernels per row and kernels per ear by maintaining a longer ear length and shorter bald tip length. The coupling
coordination degree of agronomic traits was also significantly higher, ultimately demonstrating an obvious yield
advantage in low-fertility soil.
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Table 1 Code of tested maize varieties and their origins
i Varieties 1%+ Code number & F 147 Breeding organization
1Ef5¢ 261 Huawan 261 HW LR AR RN A FRZA 7] Anhui Huawan Seed Industry Co. , Ltd.
FHE 702 Keen 702 KE AR BAO RN A FRZA 7 Shijiazhuang Kaoen Agriculture Technology Co. , Ltd.
P 1T Meikangl T MK LS ARl A R 54T 28 7] Hebei Jinong Seed Industry Limited Liability Company
4 & 20 Huaiyu 20 HY )R )1 Ol A R 52 4T 48 7] Henan Huaichuan Seed Industry Co. , Ltd.
#4802 Jinong 802 IN AL A AL A BR 24T 28 7] Hebei Jinong Seed Industry Limited Liability Company
427§ 188 Jinhai 188 JH FEM T 42385 Ffoll 45 BRZA ] Laizhou Jinhai Seed Industry Co. , Ltd.
JRARIC 858 Aizhuangyuan 858 AZY ]G AT AL A4 A5 BR 23 7] Hebei Dedao Agriculture Technology Co. , Ltd.
TUREL 729 Jingnongke 729 INK AU T AR} 2% B T K BF 5T I Maize Research Institute of Beijing Academy of Agriculture and Forestry
Sciences
4K 372 Nongda 372 ND 1 [E 4k K 2% China Agricultural University
H L 958 Zhengdan 958 7D TR A4 AL Bl 2 B M VE I F 58 T Cereal Institute, Henan Academy of Agricultural Sciences
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Fig. 2 Yield difference of different maize varieties
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Fig.5 Plant height of different types of maize varieties
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2022 4F CK 4 F , HB R & Fh i R 20 5148 HNDB H SHNB # 5 Ff 35 5 18. 4% M118. 7% ; OF 44+ F ,HB Al
HNB 5 Fh i BR8] 25 5 25 {43 548 SHNB %0 5 F 2 35 14. 8% #1112, 0% 7 1 Rl bt AR B =0 R 4%
JE R ORLE ] 25 AR R . 2023 4R 45 R 5 2022 4F 58 4 —H

F2 AREBERBARFHPEEHEK

Table 2 Ear characters of different types of maize varieties

A e st Bl 53N TRK [RE R vl REATHL TR KL KL

Year Fertiliza- Variety Ear length Bald tip Kernels per row  Ear diameter Rows per ear Kernels per ear 100-grain
tion (F) (V) (cm) length (cm) (cm) weight (g)

2022 CK HB 18.040.72a  0.240.09b 38.3£2.70a 4.440. 44a 15.740.79a 608.4+39.40a 32.6+2.93a

HNB 16.84+1.11b  0.840.53a 33.3+4.66b 4.240. 54a 16.141.57a 513.8£70. 64b 32.4+3.10a

SHNB  15.5%£0.83c 0.8=0.19a 33.4=1.90b 4.6x0.47a 15.4=%1. 34a 512.426. 84b 33.2x1.44a

OF HB 18.341. 35a 0.240.03a 39.0£2.53a 4.8+0.57a 16.440. 84a 636.0+£48.42a 34.1£1.97a
HNB 18.1£1.06a 0.220.02a 37.8x1. l4a 4.5£0.42a 16.5%1.47a 620.6£53.43a 33.9x2.53a

SHNB  16.240.61b  0.240.03a 35.2+1.31b 4.5+0.45a 15.841.02a 554.2439. 36b 34.0+1.56a

2023 CK HB 18.4+1.82a 0.3=0. 18c 36.312.65a 4.92£0.40a 16.0=£0. 58a 578.6£47.49a 35.6x3.70a
HNB 15.441.20b 1.440.28b 28.9+£2.27b 4.240.40b 15.041.19b 435. 6460. 26b 34.5+£2.08a

SHNB  15.4%1.11b 2.640.73a 30.4x2.87b 4.4=+0.40b 14.640.45b 441.0£32.47b 33.4x3.85a

OF HB 18.8+1.64a 0.240.03a 37.6+£2.51a 5.0+0. 46a 15.64-0. 68a 583.7+32.61a 39.3+2.03a
HNB 18.8%1.07a 0.220.02a 36.242. 82ab 5.040.43a 16.0=£1. 10a 581.5£25.99a 41.1£2.03a

SHNB  17.240.51b  0.240.02a 34.1+£3.52b 4.7£0.23a 15.84-0.45a 536.6+£47.92b 38.7+£3.72a

2022 F *ok *k *ok NS NS *k NS
FXV NS *x NS NS NS * NS
2023 F . s . s . sk .
\% ok ok ok sk NS sk NS
EXV s s s s . sk NS

AF/NG T4 3R R — it AR A A [R] 5 A 7E 0. 05 K A7 4 8.3 22 5% . Different lowercase letters indicate the significant differences among different
varieties under the same fertilization mode at 0. 05 level. *F/R7E 0. 05 /K- 2253 B 2 =L /RT1E 0. 0L /K V-2 5 B F NS E/R2ZHF AR FH, *indicates

significant difference at 0. 05 level, ** indicates significant difference at 0. 01 level, and NS indicates no significant difference.

2.4 RREERE KB ER LRSS E S H

Xof £ SR FOK SR 3R A AR AR ST A P B A, 25 A R B (BT 8) , 2022 4F [ Bl R 2023 4F i B it A L it
JIES 0 5t o A 2 %k 6 K S b 4 2 D R B S R B 35 (P<<0. 05) . 2022 4F7E CK 440, HB U 5 Fh it 45 2 b 8 B2
BCHNB A i A 3 5 13, 106, {H 5 SHNB Y i F 22 5 8 1 3% s OF 4500, HB ALt Fl i 85 A 6 9] B2 R0 HNB AU
Fif 22 18] 22 5 R B 35 (P=>0.05) , {H =35 43 7l % SHNB & i B 5 25 1/ 21. 206 #1113, 3% . 2023 4EFE CK &1 T ,HB
TR R RS A 0 R B A HNB 2 H SHNB B & Ff 2 1) 35 /85 26. 0% F126. 1% ; OF 4544 T , HB AL Bl i R A P
1 E A HINDB AU 5 Fb 22 6] 22 5O B 38 5 5 40 i A SHNB B Ff 25585 22, 0% F126. 4% . 15600 HB B 5 Fh 4%
A 2R 2 18] B A PR BE 7 B AR B 0 T HINB B SHNB A
2.5 RARERSBAREBERE =X 254

X 10 A4~ F 2K it o 7 45 (9 A 20K 5 7 S5 R AT AR OCPE S A R L (IR 9) BB REORL L RR AT B0 AT RL R Rk
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Fig. 8 Coupling coordination degree of different types of maize varieties

FERL #T Kernels per ear
FERL 3 Kernels per ear . A FL . 100-grain weight
T KL 2 100-grain weight @ 7= vied
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K Earlength| @ & @ @ 74 Ear diameter
B Ear diameter | @ @« @ & @ /75 Rows per ear
FEAT H Rows per ear | @ - e . 17 R Kernels per row
47 41 ¥t Kernels per row | @ e e & @ /K Baldtip length
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Fig. 9 Correlationship between agronomic traits and yield of different types of maize varieties (n=120)
* x ksl R IRTE 0.05.0.01,0.001 K- A5G . *, **, and **#* indicate significant correlations at the 0.05, 0.01, and 0.001 levels, respectively.

T A = Ear height

BooERLE bR EHL R 5 R R A il Stem diameter
N . — . R HEM Ear diameter| |
9&5@/\,ﬁﬁ%%ﬁ‘gfnii$&ﬁﬁﬁ*ﬁf%§(})< %ﬁiﬁlRowsperear:l
0.001) o i — 2543 BT 45 A% 2P AR X 7= dk 1) e ik 2 30 gﬁ}’};ntﬁe%gﬁt: .
. ) =y Ear height *
(1 10) , Fe AR A X 7 5 119 BTk B e &, o 19. 0%, Hiik AR Kernelsperrow| |
i Y MR B(16.5%) | T R T (14.70%) B K o o EVSEE BT '*
R # 100-grain weight EE
(12.0%) 47 ki % (10.1%) B A7 5 (6.5%) Bk & FE A 2L Kernels per ear [
P . e 75 2R K Bald tip length [+
(6.5%) . B 47 % (6.4%0) . B KL (5.7%) 1 25 Ml P EErEE Ty
(2.7%). HoRRK Bk A . mRE K TR, TTHk % Contribution degree (%)
B TER b  X 7 B A 3 B K F B10 RRZBERKMRZERR =R OTRE

Fig. 10 Contribution degree of agronomic traits of

2.6 WG S ER BN ERR LIRS AT
W L % e B Tk A F) B K OF B9 A5 e bR e R
HE— B AT R BANE T R BR T RRK G RO KRS 5 m 2 MWL R, JUE
— S OB P 7 o B A AR 2R R R I TR0 10 2 A5 bR A B S L PR R R RS (B 1) .
HE 4 b3 ST A i1 SR T R AT AR AR X I 7 AN F8 B 1 SR R 0 7 O 12218, 0~12666. 2 kg-hm *,95% i fF
P =4 o 11607, 1~12032. 9 kg-hm ?,95 % i i F00 72 45 F- {4 4 11816. 8 kg-hm (£ 3) . L 95% it i i

different types of maize varieties to yield
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Fig. 11 Relationship between agronomic traits and yield of low—fertility—tolerant and high-yielding maize (n=36)

R3 MAESFEEXNEERZHERIERSIEE

Table 3 Characteristic values of main agronomic characters of low—fertility—tolerant and high—yielding maize

bR I e TOUI 7 95 %% e e O 7 T P L

Indexes Highest forecast yield (kg+hm ?) 95% highest forecast yield (kg+hm %) Suitable value
K Ear length 12454.6 11831.9 17.80~20.42 cm
Fe 4K Bald tip length 12218.0 11607. 1 <20.05 cm
1T R E Kernels per row 12632. 6 12000. 9 34.32~40. 36
TEALEL Kernels per ear 12666. 2 12032.9 578.95~691. 55
H OB EE 100-grain weight 12314.0 11698. 3 34.31~39.70 g
Bk Plant height 12307. 3 11691.9 229.43~256.98 cm
FEA7 = Ear height 12478. 1 11854. 2 103. 38~125. 52 cm

77 A S 4 AF RS2 B AR 7 B0IR S 2 IR AR U L B 12000 kg hm 24F o oK B bR 7 &, AR IS 20 B2k 07 B ] DL Gk
ot B AR 7= R Y R OK FE AR A MR GE B L 43 R B K 17..80~20. 42 em, FE R K <C0. 05 em, 1T KL £K
34.32~40. 36, f# ki ¥ 578. 95~691. 55, [ ki B 34.31~39.70 g, ¥k # 229.43~256. 98 cm, B {7 ¥ 103. 38~
125.52 cm.
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