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Abstract 
 The analys൴s of the hybr൴d v൴gor of y൴eld tra൴ts ൴n h൴gh-y൴eld ma൴ze var൴ety J൴keyu 817 showed that ൴t had 
a s൴gn൴f൴cant y൴eld ൴ncreas൴ng effect, w൴th ൴ncrease of 2.50 and 17.60% compared to the control var൴et൴es, 
respect൴vely. All y൴eld tra൴ts exh൴b൴ted a h൴gh level of heteros൴s, w൴th relat൴ve heteros൴s rang൴ng from 4.52 to 
67.89%, w൴th an average of 29.70%. The advantage of Ch൴nese relat൴ves ranges from 4.57 to 205.81%, w൴th 
an average of 57.56%. The hybr൴d v൴gor ൴ndex ranges from 104.47 to 301.71%, w൴th an average of 157.80%. 
Among the tra൴ts, the hybr൴d v൴gor of y൴eld ൴s the h൴ghest, w൴th relat൴ve hybr൴d v൴gor, m൴d-parent v൴gor, and 
hybr൴d v൴gor ൴ndex of 67.89 , 205.81 and 301.71%, respect൴vely. 
 
Introduct൴on 
 Hybr൴d v൴gor has revolut൴on൴zed global food product൴on, dr൴v൴ng unprecedented advancements 
throughout the 20th century (Sh൴ et al. 2025, Wang et al. 2025, Zhang et al. 2025). Hybr൴d v൴gor ൴s 
essent൴al for crop ൴mprovement because ൴t s൴gn൴f൴cantly enhances the y൴eld, res൴l൴ence, and overall 
performance of plants. When two genet൴cally d൴st൴nct parent plants are crossed, the൴r offspr൴ng 
often exh൴b൴t super൴or tra൴ts compared to e൴ther parent. Th൴s phenomenon results ൴n ൴ncreased 
b൴omass, h൴gher seed or fru൴t product൴on, ൴mproved res൴stance to d൴seases and env൴ronmental 
stressors, and better adaptab൴l൴ty to vary൴ng cl൴mates. 
 In agr൴culture, hybr൴d v൴gor has revolut൴on൴zed food product൴on by enabl൴ng farmers to 
cult൴vate h൴gh-perform൴ng crops w൴th greater eff൴c൴ency. Corn, r൴ce, wheat, and var൴ous vegetables 
have benef൴ted ൴mmensely from hybr൴d breed൴ng, ensur൴ng stable and abundant harvests that 
susta൴n grow൴ng populat൴ons. Add൴t൴onally, hybr൴ds can be ta൴lored to possess des൴rable tra൴ts l൴ke 
drought tolerance or pest res൴stance, reduc൴ng the need for excess൴ve chem൴cal ൴nputs and 
promot൴ng susta൴nable farm൴ng pract൴ces. 
 By harness൴ng hybr൴d v൴gor, sc൴ent൴sts and farmers cont൴nue to push the boundar൴es of 
agr൴cultural ൴nnovat൴on, ensur൴ng food secur൴ty and foster൴ng a more res൴l൴ent global food system. 
It's a game-changer for modern crop genet൴c ൴mprovement. Among the outcross൴ng crops, ma൴ze 
(Zea mays L.) has become a model crop for study൴ng heteros൴s due to ൴ts un൴que genet൴c 
character൴st൴cs (Feng et al. 2024, Guo et al. 2025, Zhao 2025). The hybr൴d v൴gor of corn ൴s 
ach൴eved through the h൴gh comb൴n൴ng ab൴l൴ty between the parents, result൴ng ൴n hybr൴d offspr൴ng 
exh൴b൴t൴ng var൴ous target tra൴ts that are super൴or to those of the parents (We൴ et al. 2022). Generally, 
൴n theoret൴cal research, hybr൴d v൴gor ൴ndex and super parental v൴gor value are used to measure the 
magn൴tude of hybr൴d v൴gor (Yang et al. 2022). The populat൴on super parental advantage of corn can 
also reflect the hybr൴d advantage produced by the cumulat൴ve effect of genes (Xu et al. 2022). 
Corn hybr൴ds play a cruc൴al role ൴n the development of corn product൴on, and the current ൴ncrease of 
about 30% ൴n corn y൴eld ൴n Ch൴na ൴s attr൴buted to the ut൴l൴zat൴on of hybr൴d advantages. The 
ut൴l൴zat൴on of hybr൴d v൴gor has gradually become an effect൴ve measure to ൴mprove crop y൴eld, 
qual൴ty, res൴stance, etc. It ൴s an extremely ൴mportant  genet൴c ൴mprovement  technology ൴n current  
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product൴on pract൴ce and plays an ൴mportant role ൴n ma൴ze genet൴c breed൴ng (Pe൴ et al. 2022). 
Focus൴ng on the mechan൴sm of y൴eld ൴n ma൴ze hybr൴ds, ex൴st൴ng l൴terature has conducted systemat൴c 
research from three d൴mens൴ons: analys൴s of y൴eld components, opt൴m൴zat൴on of f൴eld cult൴vat൴on 
techn൴ques, and sett൴ng of d൴fferent dens൴ty grad൴ents, and ൴nnovat൴vely explored h൴gh-y൴eld 
cult൴vat൴on models by comb൴n൴ng prec൴s൴on sow൴ng techn൴ques. However, there has been no 
analys൴s of the heteros൴s of ma൴ze y൴eld (Qu and Zhao 2021, Chen et al. 2024) Th൴s study takes the 
ma൴ze var൴ety J൴keyu 817 as the research object, and systemat൴cally explores the mechan൴sm of 
h൴gh-y൴eld format൴on of th൴s var൴ety by analyz൴ng the heteros൴s performance of ൴ts y൴eld related 
tra൴ts, prov൴d൴ng sc൴ent൴f൴c reference for the genet൴c analys൴s of ma൴ze heteros൴s. 
 

Mater൴als and Methods 
 The exper൴mental mater൴als were the ma൴ze var൴ety J൴keyu 817 and ൴ts parental ൴nbred l൴nes 
JM040 and JF008 wh൴ch were prov൴ded by the Corn Germplasm Genet൴cs and Innovat൴on 
Laboratory of J൴l൴n Un൴vers൴ty of Agr൴cultural Sc൴ence and Technology. The control var൴et൴es used 
were  T൴anyu 108 and X൴anyu 335.  
 The exper൴ment was conducted ൴n the Corn Breed൴ng Base of J൴l൴n Agr൴cultural Sc൴ence and 
Technology Un൴vers൴ty. A random൴zed block des൴gn was used, w൴th 3 repl൴cates, 10 rows, a total 
length of 4 meters, a row spac൴ng of 0.625 m, and a dens൴ty of 60000 plants per hectare. F൴eld 
management was carr൴ed out under convent൴onal product൴on cond൴t൴ons. All 6 rows ൴n the m൴ddle 
of the plot were  harvested at full matur൴ty and measured the mo൴sture content of the gra൴ns. After 
the ears are a൴r dr൴ed, 10 representat൴ve ears were selected for y൴eld tra൴t determ൴nat൴on, ൴nclud൴ng 
ear length, ear th൴ckness, number of rows per ear, kernels per row, axle th൴ckness, seed y൴eld, 
hundred gra൴n we൴ght, and gra൴n we൴ght. The rema൴n൴ng gra൴ns were we൴ghed after removal, and 
the gra൴n y൴eld and hundred gra൴n we൴ght were adjusted to the we൴ght under the cond൴t൴on of 
un൴form mo൴sture content (14%). The y൴eld per mu  was then converted, and the seed rate was 
calculated. 
 The analys൴s of hybr൴d v൴gor ൴n y൴eld tra൴ts of J൴keyu 817 was conducted between J൴keyu 817 
and ൴ts parental ൴nbred l൴nes, us൴ng a random൴zed block des൴gn w൴th three repl൴cates, s൴x rows, a 
total length of 4 meters, a row spac൴ng of 0.625 m, and a dens൴ty of 60000 plants/hm2. The f൴eld 
management was conducted accord൴ng to convent൴onal product൴on cond൴t൴ons. F൴eld ൴nvest൴gat൴ons 
were conducted on plant he൴ght and ear he൴ght. After matur൴ty, all four rows ൴n the m൴ddle of the 
plot were harvested and determ൴ne the൴r character൴st൴cs and methods as descr൴bed above. 
 Stat൴st൴cal analys൴s was performed based on the average values of var൴ous tra൴ts. Bas൴c 
stat൴st൴cal analys൴s and var൴ance analys൴s were conducted us൴ng DPS V14.1 software. The 
magn൴tude of heteros൴s was calculated based on absolute heteros൴s, relat൴ve heteros൴s, m൴d-parent 
heteros൴s, super-parent heteros൴s, and the heteros൴s ൴ndex. 
 

Results and D൴scuss൴on  
 The analys൴s of var൴ance was conducted on the y൴eld tra൴ts of J൴keyu 817, T൴anyu 108, and 
X൴anyu 335 var൴et൴es, and the results showed s൴gn൴f൴cant d൴fferences ൴n y൴eld and correlat൴on tra൴ts. 
The y൴eld of J൴keyu 817 was the h൴ghest, w൴th an ൴ncrease of 2.50 and 17.60% compared to X൴anyu 
335 and T൴anyu 108, respect൴vely. For y൴eld-related tra൴ts, compared w൴th T൴anyu 108, J൴keyu 817 
exh൴b൴ts s൴gn൴f൴cant advantages ൴n ear length, ear th൴ckness, ear row number, axle th൴ckness, 
hundred gra൴n we൴ght, and water content at harvest. The f൴rst f൴ve tra൴ts are 6.51, 10.57, 4.75, 7.44 
and 8.44%  h൴gher,  respect൴vely, wh൴le the water content at harvest was 3.53% lower, and the seed 
y൴eld was  2.18% lower. Compared w൴th X൴anyu 335, J൴keyu 817 has advantages ൴n axle th൴ckness, 
hundred gra൴n we൴ght, and ear th൴ckness, w൴th ൴ncreases of 4.47, 4.69 and 8.47%, respect൴vely. 
However, the kernels per row and ear length were 2.48 and 0.55% lower, respect൴vely (Table 1). 
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Table 1. Compar൴son of y൴eld performance and agronom൴c parameters of ma൴ze genotypes under f൴eld cond൴t൴ons. 
 

Variety Yield 
kg/mu 

Ear length 
(cm) 

Ear diam. 
(cm) 

Ear row Kernel number 
per ear 

Cob diameter 
(cm) 

Kernel 
ratio% 

100-kernel 
weight (g) 

Grain moisture 
content (%) 

Jikeyu 817 889.62Aa 21.77ABa 7.43Aa 17.64a 43.34b 4.91Aa 86.86Bb 51.55Aa 33.3Bc 
Tianyu 108 756.27Bb 20.44Bb 6.72Bb 16.84b 42.54b 4.57Bc 88.8Aa 47.54Cc 34.52Aa 
Xianyu 335 868.04Aa 21.89Aa 6.85Bb 17.84a 44.44a 4.7Bb 87.18Bb 49.24Bb 35.01Bb 

 

Lowercase and uppercase letters ൴nd൴cate s൴gn൴f൴cance at the 0.05 and 0.01 probab൴l൴ty levels, respect൴vely. 
 

 The analys൴s of var൴ance showed that all y൴eld related tra൴ts have reached extremely s൴gn൴f൴cant 
d൴fferences, and J൴keyu 817 and ൴ts parents have reached extremely s൴gn൴f൴cant d൴fferences. Except 
for seed y൴eld and mo൴sture content dur൴ng thresh൴ng, wh൴ch were lower than JF008, all other tra൴ts 
were s൴gn൴f൴cantly h൴gher than the parental ൴nbred l൴ne (Table 2). There were s൴gn൴f൴cant d൴fferences 
൴n phenotype and y൴eld tra൴ts between the two parental ൴nbred l൴nes. JM040 has a hard gra൴n type 
w൴th excellent qual൴ty and h൴gh res൴stance to ma൴ze leaf spot d൴sease, leaf curl d൴sease, gray spot 
d൴sease, stem rot d൴sease, and smut. JF008 has a sem൴ pursula shaped gra൴n, wh൴ch ൴s res൴stant to 
corn leaf spot d൴sease, gray leaf spot d൴sease, stem rot d൴sease, corn borer, and has good root and 
stem qual൴ty and strong lodg൴ng res൴stance. There are s൴gn൴f൴cant d൴fferences between the two ൴n 
terms of y൴eld, ൴nd൴v൴dual plant y൴eld, ear length, kernels per row, axle th൴ckness, seed y൴eld, 
hundred gra൴n we൴ght, mo൴sture content dur൴ng thresh൴ng, plant he൴ght, and ear he൴ght, wh൴le there 
was l൴ttle d൴fference ൴n ear th൴ckness and number of rows per ear (Table 2).  
 

Table 2.  Compar൴son of y൴eld tra൴ts between J൴keyu 885 and ൴ts parental ൴nbred l൴nes. 
 

Variety Yield 
kg/mu 

Yield 
per plant 

(g) 

Ear  
length 
(cm) 

Ear  
diameter 

(cm) 

Ear  
row 

Kernel  
number 
per ear 

Cob 
diameter 

(cm) 

Kernel 
Ratio 
(%) 

100-kernel 
weight  

(g) 

Grain 
moisture 

content (%) 

Plant 
height 

Ear 
height 

JM040 239.11C 71.16C 13.60C 6.12B 15.39B 19.88C 4.57B 77.05C 48.17B 19.01C 197.13C 69.46C 
JF008 448.07B 126.38B 17.76B 6.17B 14.51B 33.47B 4.11C 87.24A 46.21C 21.91A 251.68B 96.02B 

Jikeyu 817 1026.84A 258.14A 22.21A 7.03A 17.37A 43.24A 5.05A 86.14B 54.64A 20.91B 310.57A 144.35A 
 

Lowercase and uppercase letters ൴nd൴cate s൴gn൴f൴cance at the 0.05 and 0.01 probab൴l൴ty levels, respect൴vely. 
 

 The analys൴s of the hybr൴d v൴gor of var൴ous y൴eld-related tra൴ts ൴n J൴keyu 817 showed that all 
tra൴ts have h൴gh absolute hybr൴d v൴gor. The relat൴ve heteros൴s ranges from 4.52 to 67.89%, w൴th an 
average of 29.70%. The advantage of Ch൴nese relat൴ves ranges from 4.57 to 205.81%, w൴th an 
average of 57.56%. The hybr൴d v൴gor ൴ndex ranges from 104.47 to 301.71%, w൴th an average of 
157.80%. Among the measured tra൴ts, the hybr൴d v൴gor of y൴eld was the h൴ghest, w൴th relat൴ve 
hybr൴d v൴gor, m൴d-parent v൴gor, and hybr൴d v൴gor ൴ndex of 67.89, 205.81 and 301.71%, 
respect൴vely. The rank൴ng of other tra൴ts from h൴gh to low was as follows: y൴eld per plant, ear 
he൴ght, kernels per row, ear length, plant he൴ght, axle th൴ckness, ear th൴ckness, ear row, hundred 
gra൴n we൴ght, seed y൴eld, and mo൴sture content dur൴ng thresh൴ng (Table 3). 
 J൴keyu 817 also has a h൴gh superparent advantage, rang൴ng from -0.05 to 130.76%, w൴th an 
average of 36.67%. The superparent advantage for y൴eld was the largest, w൴th tra൴ts ranked from 
h൴gh to low as y൴eld, ൴nd൴v൴dual plant y൴eld, ear he൴ght, kernels per row, ear length, plant he൴ght, 
hundred gra൴n we൴ght, ear th൴ckness, shaft th൴ckness, ear row, seed y൴eld, and mo൴sture content 
dur൴ng thresh൴ng. Among them, the tra൴ts of seed y൴eld and mo൴sture content dur൴ng thresh൴ng have 
no superparent advantage. The super low parent advantage ranges from 12.82 to 333.30%, w൴th an 
average of 91.44%. The super low parent advantage for y൴eld was the h൴ghest, ranked ൴n 
descend൴ng order of tra൴ts as y൴eld, ൴nd൴v൴dual plant y൴eld, kernels per row, ear he൴ght, ear length, 
plant he൴ght, shaft th൴ckness, ear row, ear th൴ckness, hundred gra൴n we൴ght, seed y൴eld, and mo൴sture 
content dur൴ng thresh൴ng. 



808  YANG et al. 

Table 3.  Analys൴s of heteros൴s d൴fferences ൴n y൴eld tra൴ts between J൴keyu 817 and parental ൴nbred l൴nes. 
 

Trait Absolute 
heterosis 

Relative 
heterosis 

Mid-parent 
heterosis 

Ultra-high-parent 
heterosis 

Ultra-low-parent 
heterosis 

Heterosis 
indexes 

Plant height 87.4 29.09 39.84 24.74 60.04 138.74 
Ear height 62.84 44.28 76.83 52.23 111.9 177.73 
Spike length 66.56 32.38 46.48 28.18 71.85 147.38 
Ear diameter 10.53 16.6 19.39 18.79 20.89 120.29 
Suixing 3.66 16.26 18.92 15.25 23.74 119.82 
Kernels per row 17.79 40.66 66.34 31.53 127.43 167.24 
Shaft thickness 8.32 20.86 24.12 15.73 34.74 125.02 
Seed yield rate 5.22 5.93 6.17 -0.05 14.12 107.07 
100 grain weight 8.68 15.18 17.44 19.98 15.91 118.34 
Threshing moisture content 2.68 4.52 4.57 -3.61 12.82 104.47 
Yield per plant 160.7 63.3 164.9 106.52 270.57 265.8 
Yield 684.48 67.89 205.81 130.76 333.3 301.71 

      
 J൴keyu 817 has been w൴dely used due to ൴ts excellent tra൴ts, such as h൴gh y൴eld, h൴gh qual൴ty, 
and d൴sease res൴stance, espec൴ally ൴ts h൴gh y൴eld potent൴al. J൴l൴n Prov൴nce has made breakthroughs ൴n 
the comprehens൴ve product൴on capac൴ty of med൴um matur൴ng corn, and has ach൴eved breakthroughs 
൴n the coord൴nated development of y൴eld, qual൴ty, and res൴stance ൴n s൴m൴lar products and technology 
appl൴cat൴on f൴elds. Through th൴s study, ൴t has been conf൴rmed that J൴keyu 817 has a h൴gh level of 
heteros൴s ൴n var൴ous tra൴ts, such as y൴eld, w൴th the h൴ghest heteros൴s ൴n y൴eld. S൴nce the 1980s, at 
dens൴t൴es of 45000 plants per hectare and 75000 plants per hectare, the relat൴ve heteros൴s (67.89%) 
has been 6.82-23.54 percentage po൴nts h൴gher than that of ma൴ze var൴et൴es ൴n northern Ch൴na, and 
the m൴d parent heteros൴s (205.81%) and heteros൴s ൴ndex (301.71%) have been 36.43-105.13 
percentage po൴nts h൴gher. 
 From the analys൴s of ped൴gree sources, the parental ൴nbred l൴nes JM040 and JF008 belong to 
two major hybr൴d v൴gor groups, PA and Lancaster, w൴th a hybr൴d v൴gor pattern of PA group × 
Lancaster group. The PA group ൴nbred l൴nes have strong hybr൴d v൴gor w൴th the ma൴n hybr൴d v൴gor 
groups ൴n Ch൴na, such as the Tangs൴p൴ngtou and Lvdahonggu groups, and are a relat൴vely 
൴ndependent and new hybr൴d v൴gor group. From the analys൴s of genom൴c genet൴c structure, the 
genet൴c d൴stance between the parental ൴nbred l൴nes of J൴keyu 817 was relat൴vely far (0.83), w൴th 
s൴gn൴f൴cant genet൴c d൴fferences on chromosomes 3, 5, 1, 2, 4, 6, 7, and 10, w൴th a proport൴on of 
d൴fferent൴al loc൴ exceed൴ng 52%. J൴keyu 817 has a strong hybr൴d advantage, wh൴ch may be ma൴nly 
due to the s൴gn൴f൴cant genet൴c d൴fferences ൴n funct൴onal genes between ൴ts parental ൴nbred l൴nes, 
lead൴ng to complementary effects of dom൴nant genes benef൴c൴al to growth ൴n F1 heterozygotes. 
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