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Study on the photosynthetic characteristics of apricots in different ecolog-
ical groups
JIANG Fengchao"?, SUN Haoyuan"?, YANG Li"’, ZHANG Junhuan"’, WANG Yuzhu"*

('Beijing Academy of Forestry and Pomology Science, Beijing 100093, China, *Key Laboratory of Biology and Genetic Improvement of
Horticultural Crops (North China), Ministry of Agriculture, PR. China , Beijing 100093, China)

Abstract: [Objective] The objective of this study was to compare the photosynthetic characteristics of
apricots in different ecological groups, and to screen high photosynthetic efficiency resources for min-
ing excellent germplasm and breeding. [Methods] The P, (net photosynthesis rate, umol - m”*-s™"), T,
(transpiration rate, umol - m™-s™), G, (stomatal conductance, pmol-m?-s"') and C; (mesophyll CO, con-
centration, umol - m™-s™") of 103 cultivars in 4 ecological groups were detected using LI-6400XT. The
measurements were conducted by the same person and under the same conditions with a light intensity
of 1 500 pmol-m™-s"' (red and blue light sources), a leaf chamber temperature of 26 C and a gas flow
rate of 500 mmol -s'. The P,, G, C: and T; of 1-year-old shoots in the middle canopy were determined
with a Li-6400XT portable photosynthesis analyzer at 08:30—11:00 am on 3 to 5 leaves selected from
each apricot plant. Water use efficiency (WUE) and carboxylation rate (CE) were calculated: WUE=P,/
T;; CE=P,/C.[Results]P,, G,, C: and T, in different apricot cultivars showed a normal distribution pat-
tern, indicating that photosynthetic traits are typical quantitative traits and controlled by polygenes.
Based on F test, the differences in P,, G, C: and 7; among the cultivars were significant, suggesting
strong genetic background of photosynthetic traits. The average photosynthetic rate of the apricot culti-
vars was 9.86 umol-m™-s" and its range was 10.18 umol - m™-s”, indicating that there was a significant
genetic variation in photosynthetic characteristics. P, ranged from 7.81 to 15.75 pmol-m?-s™ in the eco-

logical group of Northeast Asia, and its average photosynthetic rate was higher than those of the other
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three ecological groups. The difference in G, between different ecological groups was small, and the G,
of Northeast Asia group was the highest in the four ecological groups. The order of C: in different eco-
logical groups was Central Asian sub > North China > Northeast Asia Ecosystem > European. The larg-
est range of C; was found in the North China group, which was from 156.52 to 294.77 umol - m™-s".
The average transpiration rate in the North China group was the lowest (4.28 umol - m™?-s™"), and the
highest was in the European ecological group (4.35 pmol-m?-s™). The photosynthetic parameters in dif-
ferent ecological groups had extreme values, which provide potential for breeding of better apricot culti-
vars. There were significant differences in WUE among different ecological groups, and its range was
4.45 in the North China group, indicating genetic variation among apricot cultivars in the North China
group was large. The correlation between P,, G, and T; in the Northeast Asia group was generally stron-
ger than that in the other three groups. The correlations of WUE, carboxylation rate and photosynthetic
parameters of apricots in different ecological groups, suggested that WUE was negatively correlated
with P, G, C, and T; (except for P, of North China Ecological group), and the correlation of WUE with
T: was stronger than with P,, G, and C, but none of them was significant. The CE was positively corre-
lated with P,, G, and T;, and the correlation of CE with P, was higher than with G, and T;, and the corre-
lation between CE and P, in the North China group and the Central Asia ecological group was signifi-
cant. There were significant positive correlations between P, and G, C, and 7: in different ecological
groups (except for C; of the Northeast Asia and the Central Asia group). The correlations between P,
and G, and 7 in the Northeast Asia group was generally higher than those in the other three ecological
groups. The correlation coefficients among P., G, and T; were high in each ecological group, and that be-
tween P, and C; was relatively lower, and there was a similar pattern in the other three ecological
groups, indicating that P, was mainly affected by G, and T.. Using photosynthetic rate as the main indica-
tor, and other photosynthetic parameters as reference indicators, 5 cultivars with high photosynthetic
performance were screened out from the ecological group of North China. Their photosynthetic rate
was at least 47% higher than the average of all the cultivars tested.[Conclusion] P., G, Ci and T, are
strongly affected by the genetic background. The average P, and WUE in the ecological group of North-
east Asia were higher than in the other ecological groups. Five cultivars with high photosynthetic perfor-
mance were screened.

Key words: Apricot; Germplasm resources; Ecological group; Photosynthetic characteristics
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Table 1 Germplasm resources of apricot in the experiment

Gekosid

Ecological group

Al

Cultivar

AL A R
North China
group

PO GR A AR
Central Asia
group

RAC AT
Northeast Asia
group

BRI AEZSHE

European group

I CIE SRR b2 CIESTERED bt KR CIE RO ABZERLL CE R L 8 8 CIERTHiEve) SR R AL G L LD R ik
BT LD R A QLG ORI A ORI EL) L 208 GRlAb R 4D SGEAF J ORE ST ) 204 6L QLR 30 B
BRI VWL ZL QL ZR I LD SR 55 (BRI 33D e R GRIALERE D SR JE 38 (AL 11 SkvAD) A (BRI LA TN (i
U D GERA QLR G F B R GLRE 8D MiFA QLR R ED R RS Gl b 59 Vo 1 CORIEETED i & K4
5 QAL &) 4k 70 Ll R 1D — 53 08 TR B ORED VLA CLLZR B8 LD B — QT ks 2D 748 5 ie Gl B A D g 8 A (b
FUE) T CERPA) VR QTR D 5 B GITHEE 2D A0 (L 4D ST (B P4 L R ER e CIRT R 81D A7
TP 15 QAR IR AMER 38 2 5 QT R i) 20 G 30 A D I 15 GRIAB ) R B CHOR 24D L &0 GRrdbD
FHE S AR ED a2 5 AR R AT B P /N A (BRI 3 & 4y GRS #E 2 VS L A Grdb s ) | Wi 75 (b
BECPD VALK T AERTE T VA CHN =D L R Rk (AE R B G b5 8D SR 3 (B PR30 i 7y Gl R
LD GEERF (BRFE AR R FE GRIALE 2 KRSk CHR =MD VAR A (BRI 76 22D 2038 CHER, =MD L 81 75 45 (Bl PG v
A W 4k T G T8 22 BRAT (Bt | I v 21785 (B G I ) S B % (Bt K0 2 A 3 (BRI K 20D AT 4k QLU ZR 28D
PER 255 (BRIGH B 8 R K CHR 220D S AT (BR PG RIS 2075 2 5 (BR PG IR 21 M 3 1 (Bt E B Sk g5 4 (B
PR HH) AL e 7 (BRIEAL SR  Z8 (BRI

Baiyubian (BeijingBaiyu) « Bei” anhe (BeijingHaidian) . Beishandabian (Beijing) . Beizhaihong (BeijingPinggu)  Chuanling (Bei-
jingHaidian)  Chuanzhihong (HebeiJulu) . Dabada (BeijingFangshan) . Dabaixing (ShanxiYongji) - Daihuangxing ( TianjinJixian) |
ErHongxing (HebeiDaming) . Guanlaoyelian (TianjinJixian) . Honghebao (ShandongLicheng) \ Huangjianzui (BeijingHuairou) .
Laoshanhong (ShandongLaoshan) . Longquanwu (BeiJingMentougou) « LongWangMao (HebeiZhuolu)  LuoTuoHuang (Beijing-
Mentougou) + MeiXing (Shaanxi)  MuGuaXing (HebeiWeixian) . PingGuoHong (ShandongYantai) . QingDaoDaHong (Shan-
dongQingdao)  ShiZiXing (ShandongLeling) \ Tian” EDan(HebeiGuangzong) . WanXiangBai ( TianjinJixian) \ XingTaiDaHongX-
ing (HebeiXingtai) « YangJiYuan (ShandongLaoshan) . YiWoFeng (HebeiZhuolu) « YinXing (ShandongLaoshan)  YouYi (Hebei-
Weixian) . YuZaoGuan(HenanZhengzhou) . JiDanXing (BeijingHaidian) - ZhuYaoZi(BeijingPinggu) . ZaoHongXing (HebeiCang-
zhow) . QingMiSha (HebeiPingxiang) . GuanYeLian (Shandong) . ChongBanXing (Shaanxi) . YuHanKui (HenanZhengzhou)
YangShaoHuangYiHao (HenanMianchi) . YangShaoHuang’ ErHao (HenanMianchi) . JiGuang (HebeiShijiazhuang) - WeiXuanYi-
Hao (HebeiWeichang)  DaJieXing (GansuLanzhou) . JinHui (Hebei) . JingJiaYiHao (BeijingLinguosuo) \ JingJia’ ErHao (Beijing-
Linguosuo) + ShaanXiXiaoHongXing (Shaanxi) . MiXiangXing (HenanXinxiang) « Lv’ EShanXing (HebeiQinglong) . Shan-
HuangXing (BeijingChangping) - HongHuoLeMeiZi(BeijingChangping) - HongXing (GansuLanzhou) . DaYuBaDa(BeijingHaidi-
an) . TaoXing (HebeiJingxian) . CaiZiHuang (ShaanxiDali) . CaoXing (ShandongCaoxian) . ChiBangZi (ShaanxiHuaxian)
DaFeng (HebeiPingxiang) - DaPianTou (GansuLanzhou) - HaiDongXing (ShaanxiXi’ an) . HongXing (Gansu, Lanzhou) - HuLuX-
ing (ShaanxiChunhua) . YangJiYuan (HenanXinzheng) - LanZhuHong (Shaanxi) \ LinTongHongXing (ShaanxiLintong) . MaCh-
uanLing (ShaanxiDali) + NiuJiaoHuang (ShaanxiChang” an) . HongJinZhen (ShandongZhaoyuan) + XiNong25Hao (ShaanxiYan-
gling) . ZhuPiShui(GansuLanzhou) . CaoPiXing (ShaanxiQianxian) \ LinTongHongXing’ ErHao ( ShaanxiLintong) . NiuJiaoBang-
Zi(ShaanxiMeixian) . TouWoJie(ShaanxiDali) . LiQuan’ ErZhuanZi(ShaanxiLiquan) . QinWang( ShaanxiYangling)

R 5, G 8D L R SR 22 I8 CRir S8R0 D L B 205 O 8 I3 BT CRT ST 5 75D L 48 Sk T 2 58 CRT SR A1) L s At S 4 5 G
SED B Gl SR BLED D B A G R 1D Ming XingXing « A 7 4% CHT 8D A4 CHSERI ve 75D 406 CHl 308D

AKe (Xinjiang)  DaGuoHuAnNa(XinjiangHetian) . HeiYeXing (XinjiangYecheng) . LaJiaoXing (XinjiangAkesu) - ManTouYuL-
vKe (XinjiangKashi) . ShiZiMaYiSang (Xinjiang) » ShuShangGan (XinjiangAlimali) . MingXingXing (XinjiangPishan) . MuYaGe
(Xinjiang) \DongXing(XinjiangAkesu) . LiGuangXing(GansuDunhuang)

KM OLTARED R T 15 RIRTD RE A GEARDY ) R (R o B (R ORTT AR N GE T MDD VK
Sy LT RE R

DaXingMei (LiaoningDonggou) » DongNingYiHao (Heilongjiang) . YinBaiXing (JilinSiping) . ZaoHuangXing (Heilongjiang) «
ZhongBaiXing(HeilongjiangYouyi) . XiaoHongXing(LiaoningGaizhou) - DaBianXing(LiaoningXiongyue)

BO95 (Italy) \ Fal (France) . Fa2 (France) . Fa5 (France) - BORA (Italy) - BERGAROUGE (Italy) . ISHTARA (Italy) - LE946
(Czech Republic) \LEJUNA (Czech Republic) \NINFA (Czech Republic)
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Table 2 Variance analysis of photosynthetic parameters for

apricot germplasm resources

tE S AR SRR R HH o
Photosynthetic Source of T i3 a7y F
! SS MS

parameters variance df
P,/ i ] 1 690.207 102 17.07 36.73"
(umol - Among varieties
m*-s™) b A g 92.945 206 0.47

Within varieties

S Total 1783.152 308
G/ i ] 0.747 102 0.01 108.98"
(umol Among varieties

2, o1

m*:s") P 0.014 206 0.00

‘Within varieties

S Total 0.761 308
C/ s o ] 269593.62 102 272317 15217
(umol Among varieties

2, ol

ms) il g 3581636 206  179.08

Within varieties

S Total 305 409.98 308
T/ i ] 145.44 102 145 58.75"
(umol Among varieties
m’-s") -

R 5.00 206 0.03

Within varieties

S Total 150.44 308

T RRERMEE (p<0.0D. R,
Note:™ indicated extremely significant difference (p < 0.01). The

same below.

R3 BHRERAEEGSHHIEETZON
Table 3 Genetic variation analysis of photosynthetic

parameters in apricots

e A Zo _ N %
17;161;02 i&thetic R moME R P feEE R AR

Y Max. Min. Range Mean Std CVI%
parameters

P,/(umol-m?-s") 15.75 5.57 10.18 9.86 238 6.29
G/(umol-m*-s™")  0.37 0.05  0.32 0.11 050 6.09
C/(umol-m*-s™) 294.77 146.60 148.17 208.76 30.13  5.90
T/(umol-m*-s™)  4.44 .02 342 235 070 5.74

AT o BEIEOE 5 Z ) B AR SR T A LK 4,
PG ChTIAAF AR B E IEM K. P, 5 G TH
FHOR R (43 38 0.73 F10.70), 5 CIAH G &
OB C0.32), R WIHTINE 1 il b C T 5 GA W]

MDA R RN, HEEZ G T .

R4 BMRERAEESHENHEXZRY
Table 4 Correlation of photosynthetic parameters across

apricot cultivars

HESH P, G, G T
Photosynthetic  /(umol* /(umol* /(umol+ /(umol *
parameters m?>s") m?-s”) m’-s?) m>-s”)
P, 1 0.73" 0.32" 0.70"
G 0.73" 1 0.72" 0.75"
C 0.32" 0.72" 1 0.46"
T 0.70" 0.75" 0.46" 1

22 AEESHEAEFENERES
ANFAEZRSHE P G CAI TR G A0 2 R,
FRACIPAZSTE P TER A 7.81~15.75 pmol - m™ - 57,
HrspeadEm T A SR, RILAE ST PN
AF 1 (9.68 wmol - m? - s7) i T HAh A 7 AN FIAESS
FEIR) G2 RN, LARAE AR S B s CAEANFA]
AR ZS TR R I DRy v 40 AR 25 > b A A >
RACTE A AT > RN AE A58, P AR A B8 C IR
36 Bl e K, 9 156.52~294.77 pmol * m? - s # b A
BB THAR(2.26 pmol *m™2+ s, BRI AE 5 BE e i
(248 pmol*m?-sH . AFESHFICESEINH
WRABAFAE, ik B ARG G R A SR 4 T8

¥
23 REEASBEMREERASFIBNESHEL
e LY

ARFEESEEA MFIWUE 5 CE W 5. A4S
FEZ Al WUE fZE B E 555, RILWAE ST
WUE fi 5 8 5.12, HeAb A S BEWUE 1K v 4.28, {HAE

RS TRESHEMRERKIFARESRIESE
Table S WUE and CE of apricots in different ecotypes

AT mA R RESHE KA

Ecological Number of Range and HRE AL
. CE

group varieties ~ mean WUE

eJe SR 75 Ji Range  2.00~6.45 0.02~0.07

North China FHE Mean  428b  0.475ab

AN AR 11
West Asian in

Juffl Range  3.04~5.80 0.03~0.06

Central Asia “FYJME Mean 434D 0.042b
RIGWAESEE 7 Jil# Range  4.80~5.33 0.04~0.07
Northeast Asia T Mean 5122 0.050a
KR AE A5 T 10 JilE Range  3.37~6.62 0.04~0.06
European SES{E Mean  435b 0.052a

T AL BRI AN R 2 BE R AE 5%7KF B2 SRR 3
Note: Differences among treatments followed by different letters are sig-
nificant at 0.05 levels.
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Table 6 Correlation analysis of WUE, CE and 3 Tj‘ L/E\;

photosynthetic parameters across apricot cultivars in

different ecological groups

AT HESH
Ecological Photosynthetic P, G, C T WUE CE
group parameters
(S P, 1.00  0.717 030" 0.69" 0.14 0.82"
AEHE G 0.71" 1.00 0.72" 0.74" -0.18 0.28"
North C 030" 0.72° 1.00 0.46~ -0.27 -0.26
China T, 0.697 0.74" 0.46" 1.00 -0.58 0.43"”
group WUE 0.14 -0.18 -027 -0.58 1.00 031"
CE 0.82° 028 -026 043 031" 1.00
P4 P, 1.00 097" 046 0.77° -0.16 0.95"
rEEH G 0.97° 1.00 0.62 0.82" -0.26 0.85"
Central ¢, 046 062 1.00 062 -0.51 0.18
Asia T, 0.77" 0.82° 0.62 1.00 -0.72 0.66'
group WUE 20.16 -0.26 -0.51 -0.72  1.00 -0.05
CE 0.95" 0.85° 0.18 0.66° -0.05 1.00
FILWE P, 1.00 096 0.13 099" -0.61 0.94
Y G. 096 1.00 038 091 -0.45 0.81
Northeast ¢, 0.13 038 1.00 001 0.61-0.22
Asia T, 0.99" 091 0.01 1.00 -0.67 0.97"
group WUE 20.61 -045 061 -0.67 1.00 -0.80
CE 094 081 -022 097 -0.80 1.00
W P, 1.00  0.83" 0.71° 0.64" -0.01 0.57
EERE G 0.83" 1.00 0.90" 0.82" -0.34 0.13
European 071" 0.90" 1.00 0.90" -0.55-0.15
group T, 0.64° 0.82° 090" 1.00 -0.75-0.16
WUE 0.0l -034 -0.55 -0.75 1.00 0.68'
CE 057 0.13 -0.15 -0.16 0.68° 1.00

D RREREE (<005, XREFWEE(Pp<0.01),
Note: " Indicated significant difference (p < 0.05) ,  Indicated ex-
tremely significant difference(p < 0.01).

— R E AR M B RRIE R DO G
TN T BRI BRI RIR, AL &S HE
SR, TR T 5 iy mpOt S TEREM ORI CGR D,
ok B T RRABERRE, B a R B Ly
£7 BRAMEHERH
Table 7 Apricot varieties with high photosynthetic

efficiency

o P, G, G T
p /(umol- /(umol+ /(umol- /(umol- WUE CE
2, ol

Cultivar m?:s’) m’:s’) m’s’) ms?)

[Hi% 15 15.61 0171 22981 3.11 5.02  0.068
WeiXuanlHao

HiE1LE 1525 0205 240.13 3.24 471  0.063
JingJialHao

SRS 14.60 0.185  213.84 3.26 448  0.068
BaiYuBian

SENf I 1449 0.197 22791 3.36 431  0.064
CaiZiHuang

RS AN 1429 0.167 21791 3.18 449  0.065
ChuanZhiHong

H AT, 5¢ T AR & Re vk AR 78 2 228 P AE
ot 25 U PR S VR AR I Y- 7 T . T £ B
SO LY R SERG B AN A dh RO SRR D B
ARACRE PEREAT LRI IC 5 I8 251 B A S5 I AT
TR BB AT 550F (A 6 B R IR 52 5 SR S5
T TR G AR REAFE KK G B &R
(OS2, {5 LAY AR R 5 B2 5 B T RBEAT AN A A
S ERAERIB TR WARE . Yo & BRI =
ELAERZ R AR AL A R e ROs B e
RS BRI AR P R A 2 R
T, TR FHAR SR IR TR T B . AT
A G MR R A Y BAR, i FE A R A S
103 A BEIEREAT 6 & 1 B0 b, (i T A st
A A AE R — 1R 56 OB, AR IR SR AR I [
Ub, e B SR 257 E 2R A T LR, I BT S
SEIRIETT LS MRAN [ AR S A B EDG A BE IS AR
&L

A5 BLUEE) P, G CAN T 2 B TEZS /) A
R AN T (R A o A [R] ( 3th3,
Al AR A BLHEOR G0 A AR KO N T al H 2R
W R DA TEIRR R R > S S E A, T RE
FEOCE &S Hh RBLES LS 0 A 1) 3 R
BRlo A5 P52 R K P, Gon CoFN TAFFE AR 1235 72 52
I H % Z B R EOR, SR WA dh A B & RE Tt f%
AR SRR AR R A I R MUK, IR th ikt
P A it % 08 PN 9 22 v D A 1 i A AT A
FCHI A ATHE -

ANFEASTEA LSRR m e s A =
M EERIEZ o AHEFM 1034 SR G ¢
#1575 S A RC AR, XA R B
FIRAE RSO TR, T 1 5 A Sl R 4
o H AR 2R B R A AR SR B R AL AR SRR A
a5 HAh 3 AN AR SRR LE IS TR b X AR S
AU S AT WD 5y 075 128 HH G 5 T R v I A
o EARAR LA S P R 0E 't R A e R A
i, (B PP MEAR T AR AL A 358, BT AR AL
A BRI AE b DO A L3 R AT 1SR
BT AR AL A SRR OGRS R A 5 b
AREAE BB, T 5 B AR B S PRI & HL 1A%
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AR BRI A S BEE PEC, M AR IS
A it P AR KA BRI 2% A AR R R 1 A b R,
B FTREE MR ICAESHE P P ESE T
AR

PR EYDCE RN E IR Ir 2 —. Rk
WAEZSHE P, 5 GAN T B A M — ity T oAt 3 AN A=
S, ERERS PS G TSR, 5
CIAH % R BB, I HNEEAS TR A B2 o0 i,
PRI, KB P, EEAZ G TR

4 %

ARG IR Pos G CAN T3 LB AE 55347 1)
U, It He A 2 A a8 7% 22 57 E B2 R R e .
HRACAEASTEFY PAK 53 R 200% 3 1 HoAh 3 A=
B OCAER R K. RFEESEEZ AR
RGEREET, NS PR RS T
HA AR, E8ESHAY PG THIMHXRE
B, 5 O RERG. HiFiEdH 7 smEt
G IR R A BB RS
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