TEAREERE  2026,59(16):3519-3540
Scientia Agricultura Sinica DOI: 10.3864/5.issn.0578-1752.2026.16.005

AemMrrgslRREEREEXRSH
EFATVY TERYL LIRS, RKERL EHEL NET, Hi Y

VIR ARNFE BT, BEEF 2501005 2 I ARNL KR 228, 1R 2822 271018

WE: (BN FEREEMTER. K. FEAATENTRER, WHZEPRIR TR, R, EEEFZMGHEX
A, BEYOREFEN KRB REAENG, ARTFMREEREKE. (7] UREE XS b xEr i, XA
CRMEFIBHA, RAOMFE M. BEIT. ATIT. FE R ASZAFHMNOLGRE. BENRPREXTHER
fo, IR U =07 A A A A FEARAE AT S AP, BT AR AR HATES A, EAMALE KT &M
ERRARFIR. . FXAOZREABRESE. [ER] (1) B, K. EEAEFEFENEXELR, 5RAEFEH
ARMEBIGRA N PR > BRE > F G > WMRALEE > LR NERE > RABK S REBEN > 28R &
B > G AR > AALFE > ERER. (2) R, K. EEARSAERLE. BELERIL: #LeEE. A
LR ABAEXSEREEEMARKR; BREERIAA: MEALEL5ERE6EE. thER 5 NEEREEMX
KA, FREERAY: BRESHEFHEREEMRRAR. (3) FTRAZHMERE. K. FORIAFER, FE M
HrEARES. MREAREL. ThRE. #te®E. IothERE. TLXOHLERREN. FE. OHE. 24B
et R BRE . BEBREKEENR. 3 d EERNKEERT. TEXNFLERZRIAETEME I A EM. FE 120
JRER BT 9 TR I H 9 5 8o SRR S U B TR 3 AR A, R K B & R RBT B — R AT
MER. R FEINRAMRTNBEER. () B4 MEREMNT, FHEMFERZFHTAMEM, FEREET
Bt ERRER. RROLGUE. RBRNNFEERT. BRANTRERMRENALFABEE. EXTFMT, H#
HR. G EWRGATET &AM, MEATEOLMFERE. $heR Rt IR R FRAH A LR R, BEevt
R 5 %8 KRB SN F A ZIRE, &5 5 AN MERE M E AR AW %, LAFT AT RN BHRET.
KR KE; & 8 FRE MM

Analysis of Interrelationships Among Yield Source, Flow, and Sink
Traits in Soybean Cultivars

WANG Ke'?, GONG HaoRan’, WANG YuBin', ZHANG YanWei', WANG CailJie', LIU Xin***, XU Ran'*

!Crop Research Institute, Shandong Academy of Agricultural Sciences, Jinan 250100; “College of Agronomy, Shandong Agricultural
University, Tai'an 271018, Shandong

Abstract: [Objective] To evaluate the contributions of source, flow and sink traits to soybean yield, clarify the relationships among
these traits during yield formation, reveal the key physiological mechanisms underlying soybean yield formation, and provide a
theoretical basis for soybean breeding. [Method] Qihuang 34, Lindou 9, Weidou 9, and Hedou 12 were investigated during the
pod-setting and seed-filling stages. The photosynthetic performance, assimilate partitioning, and dry matter accumulation were
analyzed throughout plant development by using "*C isotope labeling. Source—flow—sink traits were comprehensively evaluated, and
radar chart analysis was applied to characterize the coordination of these traits among cultivars during yield formation. [Result] (1)
The correlations between source, flow and sink traits and yield varied considerably. The contributions of these traits to yield ranked

as follows: leaf area index > 100-seed weight > net photosynthetic rate > palisade tissue thickness > effective quantum yield of PSII
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(OPSII) > glutamine synthetase activity > glutamate synthase activity > mean sieve tube diameter > stomatal conductance > midrib
diameter. (2) Significant interactions were observed among source, flow and sink traits. Source—sink interactions were reflected by
positive correlations of net photosynthetic rate, stomatal conductance and transpiration rate with 100-seed weight. Source—flow
interactions were indicated by positive correlations of palisade tissue thickness and leaf thickness with net photosynthetic rate,
whereas flow—sink interactions were represented by a positive correlation between mean sieve tube diameter and 100-seed weight. (3)
Source, flow and sink traits differed markedly among cultivars. Qihuang 34 exhibited higher leaf area index, palisade tissue thickness,
leaf thickness, net photosynthetic rate, ®PSII, sustained dry matter accumulation in main stem pods, yield, 100-seed weight,
glutamine synthetase activity, glutamate synthase activity, 3-day assimilate translocation to main stem pods and sustained assimilate
translocation than the other three cultivars. Hedou 12 showed the largest midrib diameter, Weidou 9 had the highest seed number per
plant, and Lindou 9 exhibited the greatest carbon assimilation capacity of branch pods. These results indicate that high soybean yield
depends on the coordinated regulation of source, flow and sink traits rather than on any single trait. [ Conclusion] Among the four
soybean varieties tested, Qihuang 34 exhibited a significantly higher yield than the other varieties, which was mainly attributed to its
higher leaf area index, greater photosynthetic efficiency, stronger assimilate translocation capacity, higher 100-seed weight, and
greater activities of nitrogen-assimilation enzymes. Breeding high-yield soybean cultivars with coordinated source, flow and sink
characteristics should prioritize germplasm with high photosynthetic efficiency based on ®PSII, net photosynthetic rate and leaf area
index, followed by evaluation of assimilate transport efficiency using leaf and vascular bundle anatomical traits and assessment of
yield potential through nitrogen metabolism enzyme activities and sink capacity.
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Table 1 Information of tested soybean varieties

FFH Variety HEX IR Approval status £ 351 Effective branches $#M Characteristic

3% 34 Qihuang 34 [E 2 5 & Approved by the state 1.3 =y LR High yield, high quality
Jf 5. 12 Hedou 12 [E % # & Approved by the state 1.0—3.0 =y LR High yield, high quality
i 9 % Lindou 9 [E % 52 Approved by the state 3.7 =18 [ High-protein

N 9 5 Weidou 9 11 4458 5 Approved by Shandong province 1.9 Fh A High-oil
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Variation trend of leaf area index in different soybean varieties
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Fig.2 Cross-sectional structure of leaves in different soybean varieties at the seed filling stage

x2 STHRHAFRAE@MHEFMZAREE. HAERE

Table 2 Leaf palisade tissue thickness and thickness of different soybean cultivars

E4 Year Rk Cultivar A2 H LR B BE Palisade tissue thickness (um) - F EBE Leaf thickness (um)
2023 3% 34 Qihuang 34 102.67+6.76a 195.50+4.85a

57 12 Hedou 12 93.57+1.93b 184.27+2.18a

HEE 9 5 Weidou 9 91.53+1.56b 187.13+0.85a

& 9 %5 Lindou 9 95.23+2.31b 191.73+10.89a
2024 73 34 Qihuang 34 119.00+13.13b 218.90+11.80a

i 5. 12 Hedou 12 79.30£9.72¢ 172.20+3.34b
5 9 5 Weidou 9 80.50+1.37¢ 165.10+2.44b
ki 9 5 Lindou 9 98.60+2.12a 212.40+4.52a

RIFNG R R RS 2 i % (P<005) . FI

Different lowercase letters indicate significant differences among treatments (P<<0.05). The same as below
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Fig. 3 Variation trends of photosynthetic indices and chlorophyll fluorescence parameters in different soybean varieties
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Fig. 4 Distribution rate of *C among different organs in different soybean varieties immediately after labeling at the pod-setting

and seed-filling stages
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Table 3 Leaf vein diameter, petiole diameter and of different soybean cultivars

FE4 A EHRER WX ER HRER EER
Year Cultivar Midrib diameter Secondary vein diameter Petiole diameter Mean sieve tube diameter
(pm) (pm) (pm) (pm)
2023 7% 34 Qihuang 34 458.33+4.71c 185.90+13.36b 3180.83+15.09a 72.75+2.79a
#4712 Hedou 12 716.33+12.30a 148.40+1.10c 2913.60+16.80b 67.78+3.90a
7 9 5 Weidou 9 547.73+5.86b 195.00+4.52ab 2883.33+8.46b 67.67+1.81a
I 5. 9 5 Lindou 9 368.20+2.85d 204.67+6.35a 2717.50+25.67¢ 70.05+0.74a
2024 7+ 34 Qihuang 34 584.63+5.12b 179.70+9.92b 2899.50+30.74b 126.80+7.94b
#4712 Hedou 12 686.67+2.87a 143.97+6.93¢ 2688.53+33.33d 92.92+4.17¢
T 9 ‘5 Weidou 9 587.47+1.30b 138.87+7.26¢ 2783.20+31.32¢ 83.80+5.85¢

% 9 5 Lindou 9 420.33+2.06¢ 204.53+1.40a 3131.17+17.80a 121.97+4.57a
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A9 K F 5. N
* means significance at P<<0.05, ** means significance at P<<0.0l1. LAIL: Leaf area index; PTT: Palisade tissue thickness; LT: Leaf thickness; P, Net
photosynthetic rate; Gs: Stomatal conductance; 7;: Transpiration rate; Ci: Intercellular CO, concentration; F\/Fi,: Maximum photochemical quantum yield of
Photosystem II; ®PS II : Optimal/maximal quantum yield of PS II ; gP: Photochemical Quenching; NPQ: Non-photochemical quenching. The same as below
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Fig. 5 Correlation between instantaneous '>C absorption rate of different organs and source-related indices at the seed filling stage
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Fig. 6 Cross-sectional structures of leaves, petioles, and stems in different soybean varieties
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TCO0-3-BP: Transport capacity to branch pods during 0-3 days; TC0-3-MSP: Transport capacity to main-stem pods during 0-3 days; STC-BP: Sustained
transport capacity of branch pods; STC-MSP: Sustained transport capacity of main-stem pods. The same as below
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Fig. 7 Transport capacity of assimilates in different soybean varieties after '*C labeling at the pod-setting and seed-filling stages
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Fig. 8 Correlation between assimilate transport capacity to pods and flow-related indices at the seed filling stages (2023-2024)
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Fig.9 Assimilate allocation rate to pods in different soybean varieties after '*C labeling at the pod-setting and seed-filling stages
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Fig. 10 Glutamate synthase activity and glutamine synthetase activity in seeds of different soybean varieties
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Table 4 Yield, yield components, and harvest index of different soybean cultivars

4 At 7S % BRE W R LAY

Year Cultivar Grains per plant  100-grain weight (g) Plants per hectare (plants/hm?) Yield (kg-hm?) Harvest index

2023 3% # 34 Qihuang 34 113.28+9.26ab 26.32+0.47a 143850.16+617.61a 3556.16+93.61a 0.52+0.02ab
i 5/ 12 Hedou 12 104.45+£5.51bc 24.81+0.53ab 149307.18+1217.73a 3446.93+94.9ab 0.53+0.01a
.9 ‘5 Weidou 9 122.96+5.51a 19.48+1.85¢ 158772.30+£5986.74a 3285.60+120.07bc 0.50+0.01b
%% 9 %5 Lindou 9 93.2448.57¢ 23.10+0.83b 154006.30+1805.22a 3213.44+106.71b 0.50+0.02ab

2024 55 # 34 Qihuang 34 127.90+10.00a 26.49+1.23a 160269.12+2038.59a 3680.84+137.69a 0.52+0.02a
i 5. 12 Hedou 12 117.30+11.53ab 22.39+1.35b 150406.47+1210.47a 3360.94+75.51b 0.51+0.03a
Y 9 5 Weidou 9 113.97+6.69ab 20.01+0.64b 154585.85+959.76a 3337.15+46.85b 0.50+0.03a
1%t 9 5 Lindou 9 100.50+£9.49b 20.30+1.10ab 162570.85+1302.93a 3254.55+75.12b 0.50+0.04a
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Correlation between assimilate accumulation capacity of main-stem pods and branch pods and sink-related indices at the

seed filling stage (2023-2024)

Fig. 11
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Fig. 12 Dynamic changes in dry matter accumulation of different soybean varieties during reproductive stages (2023-2024)
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Fig. 13 Correlation between source—flow—sink indices and yield in different soybean varieties (2023-2024)
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