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Cost analysis of apple hybrid breeding

YANG Yingying, YU Meng, YANG Jing, ZHAO Zhengyang, YANG Yazhou'
(College of Horticulture, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] This study is based on the practice of apple hybrid breeding, in which the vari-
ous expenses incurred during the breeding process were statistically analyzed. By organizing the expens-
es at different stages and of different types during the apple hybrid breeding process, this research aims
to provide a statistical overview of the costs associated with the process from hybrid pollination to the
selection of superior lines, with the intention to offer a reference for optimizing breeding procedures, re-
ducing breeding costs, and improving breeding efficiency. [Methods] A statistical analysis of the ex-
penses incurred from pollination to the selection of superior lines in hybrid breeding is conducted. The
overall process of apple hybrid breeding includes hybrid pollination, obtaining hybrid seeds, sand strati-
fication storage, sowing, greenhouse seedling cultivation, field transplantation, management of seed-
lings, preparation of scions and dwarf rootstocks, grafting, management of the selection nursery, evalua-
tion of hybrid offspring and selection of superior lines, final selection, regional trials, and variety ap-
proval. This study integrates the breeding process with the practical breeding activities of the research
group, dividing the process from hybrid pollination to the selection of superior lines into four stages:
the stage of obtaining hybrid seeds, the greenhouse seedling stage, the seedling stage, and the superior
line selection stage after grafting. Additionally, expenses related to labor, materials, and land use are an-
alyzed to calculate the costs of hybrid breeding at different stages and types based on the expenditures
from apple hybrid pollination to the selection of superior lines. [Results] Among different stages, the
first stage is the hybrid seed acquisition stage, which lasts from April of the first year to January of the
second year, encompassing the process from hybrid pollination to seed acquisition, prior to seed stratifi-
cation storage. The second stage is the greenhouse seedling stage, occurring from January to April of

the second year, which includes the greenhouse seedling process from seed storage until the planting of
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seedlings. A total of 12 500 hybrid seeds are sown in plug trays and placed in the greenhouse for cultiva-
tion. The third stage is the seedling stage, from April of the second year to August of the third year,
which includes the process from field transplanting to the acquisition of scions. This primarily involves
completing field transplanting of seedlings, field management, and the collection and sorting of scions.
The fourth stage is the selection of superior lines after grafting, from August of the third year to Decem-
ber of the eighth year, which includes the planting of rootstock seedlings, grafting of hybrid seedlings,
management of hybrid offspring, investigation and evaluation of fruit traits of hybrid offspring, and the
selection of superior lines. The work involved in the hybrid seed acquisition stage, from hybrid pollina-
tion to the selection of superior lines, includes pollen preparation, hybrid pollination, management and
harvesting of hybrid fruits, and extraction of hybrid seeds, with costs for this stage accounting for ap-
proximately 0.7% of total expenditures. The main tasks in the greenhouse seedling stage include seed
storage, sowing, and seedling management, with expenditures for this stage accounting for 0.9%. The
seedling stage includes field transplanting, management, and collection of scions, which requires signifi-
cant labor input for various breeding tasks, resulting in a higher number of hired workers, with expendi-
tures for this stage accounting for 3.2% of total costs. The selection of superior lines after grafting in-
volves planting rootstock seedlings, grafting, and managing hybrid offspring, with this stage having the
highest costs, accounting for as much as 95.2% of total costs. In different categories, statistics are con-
ducted on three types of expenditures: labor costs, material costs, and land use fees, analyzing the breed-
ing costs from hybrid pollination to the selection of superior lines. Among these, labor costs primarily
consist of labor expenditures and the salaries of technical personnel. Material costs include expenses for
rootstock seedlings, agricultural inputs, and field machinery usage fees. Land costs encompass the us-
age and maintenance fees of greenhouses as well as land rental fees. In the hybrid breeding process
from pollination to the selection of superior lines, labor costs account for the largest expenditure, reach-
ing a proportion of 49.9%. This is followed by material costs, which account for 37.9%, while land use
fees are relatively lower, making up 12.2%. Furthermore, in the case of a hybrid scale of 10 000 plants,
the average cost per plant from pollination to the selection of superior lines is approximately 122.2 yuan.
[ Conclusion] The total cost from hybrid pollination to selecting superior lines in hybrid breeding is
1 221 973.5 yuan, with an average cost of 122.2 yuan per plant. Among the different breeding stages,
the cost of selecting superior lines after grafting is the highest, making up a significant portion at
95.2%; the costs for the seedling stage, obtaining hybrid seeds, and greenhouse seedling stage are low-
er, accounting for 3.2%, 0.7%, and 0.9% respectively. In terms of different types of expenses, labor
costs are the highest, reaching 55.3%, while material costs and land use fees account for 33.9% and
10.8% of the breeding costs respectively.

Key words: Apple; Hybrid breeding; Cost analysis

S SR T R R 2, AR TR . OSSR E A A E AR T 2R AR

2o SERE MRS ERMOE T T/ESR AWM S FMER AR A,

IR A Ah Oy I8, oh LG A R S SRR e b~ A

SR, AL A (0 AT B T AR AR 7 A 4 AR, N T H B R a MR I B3 R
T [ bR 5 4+ 70, R A Bh T UL A0 B2 U5 RC &, W
TR BRI TR RCHEMEERRE  ESRBEEAREM BiS, & A R o A e R
CR R ZR ST A R AR SR A A R D B

i, AT — RIS RBL 2 MR AP B R B R H 4
Wi d R H a2 oo, BE M RmEH R MICNE S RS E M LG E RS IR R A

B b, R SEH MO K. PREARETIAN,



1246 3 L)

S 4

42 3%

3000 ko B PRAALZ IR (10 & FUD % A
ZxE L RBE AL LR HE T R E
A T3 R 24 ST SR o o B ) B 5 1 T A 4L
SR, BRI 19 K 7 2R R AN L, IR BeAF AE
BAVFEARN = AR RS 45240 55 B 1 H R
LA i & LG, By LA Rl B2 b sy &8 (1097 30
TIRAR AT B . SERRZEH MK A W
KM 55 B ) AR ST, S EOE R
e e DRI A PGS SR A A B R A L v
RO S 2T AR ) L

AW T 45 A S IR AL B b S, X AR S
TIRAFH B IR A AP B S A TR BB IR
Ja L R IR BT BUA 57 55 B ARl L A ] 9 455
HBEATGETE, IS 2 B AN R 5 A B AN R S
RAFE A, A E MR L B Rl A |
fem B MR RMESH K. HAARAEMEESR
B B AL R BB PR, S B E
DXAR B B R AN [F] , HLAFAE B 0 R AN sk
HeFr BRI O Iz e R A R A e R P
S5 AR 7T R A A Bk B ik AR R AR
B RS Gt A E R AR R T BT
AAEGEE . BEAh, BT ok | X B AR 2
5 2R ) — B, WOX AN B B R AR T DL 2
N 7 el ) A BEAT T 5

1 PRI

11 REs R

ARG AE BR P 48 T R T P AR AMRRN R K
SRR e . LUE AL SEAR, R R
MG A T RAR B R L HE TR E Fh
TAE, % B2 A8 S ARHEAACN 10 000 BRI FIRL 4422 , K
FAZ JE ARG T M26 H AR AG L, 42— % SR [l 5 2R
TrATE B . F58 Pl R R S B R 2
WA« S A S A Y BORBE 0.3 m, BE4T 0.8 m, AT
0.4 m; 4% J5 &R Ik By BOE PR 3% B8 0.5 mx3.0 m
PRAT I 5 A
1.2 75k

FE P AR MR K 2 A AKE ARG il HEAT 2458
BN EMIEREP RRA M FIREN B REE
B B SR TR BB B G S AR R O B B X Y A
B B 1) 3% FH S i e Gt R AS [R) 32 2R A
Gt A IR BR PG 44 T FE T KB 2023—2024

TR AR AR S5 T AN A SR B, LT
BASL. i TN IE T AE & R v TN SE i 1
AT A TR, 557 5% 408 N 120 76« K F s iR 3%
FHLBRZENS T IH 3% FHAD ) T 4% 2 Al N s Bt i
W EEATITE P ; T 9 AR 55 1 dh, 4 b A 2 42 1R
1000 JG*666.7 m™« 4" A bnife s 2452 & 4 i FE R
NGNS I N /e R

AN B A BT AL R R S BE
PSS S AR BRSO T A O -

F B BE P A =5 5% B+ R B+ b A

SSAR=I M IR R B AR E
BB B B P AR+ S A T S Y BCE P ROAR I
JE R AR IR B Pl 5

FARR RAR =4S /10 000 #k

2 ERE55¥

2.1 BMRIE

F42E T Pl S S R ) — MR LS A
SEAR T D SR L e A X ARG . B 1 AT
B0, SRR H P EEAN IR L A AT BN SR AR A
LRF R RACEE FE A R = KB RR . SLE
B PR IR ) A I S I A L
b5 ARV 5000 ZR 07 328 « e adk « DX It o At o o

V2 22 2 0 B 0 3% H AR R 1 AR 4 S I AN B
Bro BBt AP R B, I A EE 144
HEFE2F1H,, BB AT, F 7
EARAC R R . JRASHRR SR IR 12 500 A4k
b (32 80% i 1 2, 3R 15 10 000 Ff 4% Flt 2 A=
HD. B BRREE B BN 2 1—4
H L BFEM R T2 B4 T B Z S A v E A 2 R IR
EEHWILRE. R 12 500 B4 AR TGS BT
BERFR. BB SE AW E F B i (AR 2R
2EEAAZEEIFESH , BFE WK BB AR T 2143 2
AR R . 32 B 5 A S AR T OK RS AR L H ) 4
BRI R A S T AR, SRV B G SR
RITIEM B BTN 3E8 HEE 812 H , 4
Tl AT PR RN 2 A2 T e L 2 58 S5 AR5 B L 4 b
JE AR S R R RO AR I I A
22 HXREMEMEEMASTHT

Xf SRR H P AR R A AT RS Y B IR



Fe PRI, 58 = SERGAH T RA S 1247

&)

AASHIRAFHT B AT
Cross-pollination

GE1HE4A—E 251D
Hybrid acquisition stage (April of the 1st

year to January of the 2nd year) RIS LA Fh -1
Acquisition of hybrid seeds
I
CGE2% 1—4 D) Stratification and sowing
Greenhouse seedling raising stage (January 1

to April of the 2nd year) REE

Greenhouse seedling cultivation

B { R B

N7

o He R 2 Y L
- SR EBJ e Field transplantation
E2F4A—H348D)
Seedling cultivation stage (April of the 2nd <
year to August of the 3rd year)

S v
Seedling management

; IBALAG M26 i
Preparation of dwarfing
SEAE Rl rootstock M26
ollection of hybrid scions|
i |
4% AL R I Y B I
(H34ESA—H 812 D) JU—
~ N . . . '—E—'
iost grafftlr}llg ;u}(:;erlor hnclt) select;)on stfaso;e < Management of the seconda
(August of the 3rd year to December of the selection nursery

8th year) T

Zeha AR SMIR IR 2 PN S0 R i
Investigation, evaluation, and selection of superior
lines among hybrid offspring fruit traits

ik

Final selection

X skt 56

Regional trials

b o

Variety certification

E1 FERREZEMRE
Fig. 1 Flowchart of crossbreeding for apple

FHEWBCEAERE E B BRI AL b R 1 RTRL, A8 2% 22U 10 000 #E IR L

BT 55 3 AR 9 L B T SR SO BEAT e R AR N 1 221 973.5 T, P AR AR 4

®1 ERRZBEMIIRRASH

Table 1 Cost analysis of apple crossbreeding process (JT Yuan)
BB il 55959 Mg T &
Stage Time Labor Cost  Material Cost Land Use Fee  Total
ZRAST TR B BIHEAH—E2%1A 1620 3255.5 0 4875.5
Hybrid acquisition stage April of the 1st year to January of the 2nd year
IREH H241H—4A 3120 2960.0 5000 11 080.0
Greenhouse seedling raising stage  January to April of the 2nd year
SR A BB H24F4J]—H34E8 )] 27 600 8153.0 6000 41753.0
Seedling cultivation stage April of the 2nd year to August of the 3rd year
TR o I AR I 1 B B FIES 812 /] 577 440 448 825.0 138 000 1164 265.0
Post-grafting superior line August of the 3rd year to December of the
selection stage 8th year

41t Total 609 780 463 193.5 149 000 12219735
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