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Effects of root-shoot interaction on yield and agronomic traits of
soybean under different soil moisture conditions

LI Shengyou, DONG Lijie, WANG Yazhen, CAO Yongqiang,
YAN Chunjuan, WANG Wenbin, SONG Shuhong
(Institute of Crop Research, Liaoning Academy of Agricultural Sciences, Shenyang, Liaoning 100161, China)

Abstract: The purpose of this study was to determine the effects of soybean root-shoot interaction on yield and
agronomic traits under different soil moisture conditions, thus provide theoretical basis for drought resistant soybean
breeding. Grafted plants of drought-tolerant cultivar Liaodou 14 and drought-sensitive cultivar Liaodou 21 grew in
the pot-culture experiments. Well-watered (80% of field water holding capacity) and water stress (50% of field
water holding capacity, lasting for 20 days) were conducted during podding stage, and the agronomic traits were
measured at maturity. The results showed that the agronomic traits and yield of soybean were mainly determined by
the shoot genotype, but were also affected by the root genotype under water stress. Compared to Liaodou 21 scion,
Liaodou 14 scion had averaged increases of 24.3% and 14.8% in plant height, 19.6% and 15.3% in main stem
node number, 60.2% and 90.6% in number of branches, 57.1% and 87.1% in biomass, 70.0% and 92.3% in
number of pod per plant, and 159.9% and 197.9% in number of pod on branch; it also had averaged decreases of
57.8% and 60.4% in flat pods rates on branch, and increases of 19.9% and 54.9% in grain yield under both well-

watered and water stress conditions, respectively. Under water stress, grafting Liaodou 21 scion onto Liaodou14 root
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stock resulted in significant increases in pod weight per plant, number of pods per plant, number of seeds per
plant, 100-seed mass, and grain yield per plant by 45.8%, 27.4%, 21.7%, 5.2%, and 20.4% , respectively,

which was attributed to greater available number of pods on 9~15th nodes on stem, as compared to its self-grafts.

Our results suggested that the cooperative improvement between shoot and root would be an important way to im-

prove the drought resistance of soybean.

Keywords : soybean; shoot-root interaction; water stress; agronomic traits; grain yield
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Table 1 Response of plant height, number of stem nodes and

branches on different soybean grafts to water stress

TG (BE R/ RN A) ham HRm/em  FZEE A4S
Graft Treatment Plant No. of No. of
( Scion/Rootstock ) reatmen height  stem nodes  branch
L4 ww 96.20ab 23.12ab 6.31ab
WS 88.85bc 22.63b 7.53a
121 wWwW 82.01¢ 20.97bc 4.53bc
WS 79.42¢ 20.45bc 3.36¢
Ll4/121 ww 99.17a 25.00a 8.17a
WS 86.00bc 23.17ab 6.17b
Li4/L14 wWw 97.17ab 23.83ab 6.50ab
WS 90.67b 23.33a 7.17ab
121/121 wWwW 80.83¢ 20.50¢ 4.33be
WS 78.17¢ 20.00¢ 3.17¢
121/L14 ww 77.17¢ 20.33¢ 4.83bc

WS 75.67¢ 20.33¢ 3.83¢

1 FBAR R ING F R FR G AL B K A Ab B 22 57 8 3% (P<
0.05) ., R,

Note: Values followed by the different letters within a column mean

the significant difference among grafting treatment X water treatment inter-

action (P<0.05). The same below.
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Fig.1 Response of dry mass of each tissue on different

soybean grafts to water stress
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Table 2 Response of number of pod and flat pods rate on different soybean grafts to water stress

I (/R pOp FAMRIEEL Pod number per plant FARRIEIER Flat pods rate per plant/%
Graft ( Scion/Rootstock ) Treatment FZ£ Stem 434% Branch B3t Total 2% Stem 1A% Branch 14 Mean
WW 47.19h 88.16ab 135.34ab 13.90¢ 5.33¢ 9.61c
L4 ws 39.83¢ 84.86b 124.69h 21.72be 10.42¢ 16.07be
WW 46.56h 34.34cd 80.89¢ 16.72be 12.67he 14.70b
L21 WS 39.15¢ 30.77¢d 69.92d 35.61a 24.33a 29.97a
WW 43.00be 92.17a 135.17ab 22.28h 5.30¢ 13.79¢
L14/1.21 ws 35.83¢ 87.26ab 123.09h 34.26a 8.79¢ 21.52
WW 49.67ab 91.83a 141.50a 13.36¢ 5.50¢ 9.43¢
Ll4/L14 WS 38.67¢ 89.33ab 128.00b 22.40h 9.92¢ 16.16he
WW 45.97h 35.40¢ 81.37b 17.06¢ 12.80be 14.93be
1217121 WS 35.65¢ 29.64d 65.29d 37.89% 23.62a 30.75a
WW 54.47a 35.01¢ 89.48¢ 13.31c 13.82be 13.56¢
L21/114 ws 47.86h 35.33¢ 83.19¢ 19.47be 17.59h 18.53be
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25 25
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Fig.2  Distribution of number of pod on stem of different soybean grafts
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Table 3 Response of yield traits on different soybean grafts to water stress

HRKIEL Seed number per plant

TR (FRRR/ Bl AR ) b3

EHRLE 100-seed mass/g FARRARIE Seed mass per plant/g

Graft( Scion/Rootstock )  Treatment E= P Bt i e T g gLt BT
Stem Branch Total Stem Branch Mean Stem Branch Total

Li4 WwW 68.09a 128.93a 197.01a 17.93d 17.26¢d 17.59% 12.21ab 22.25a 34.45a

WS 40.52cd  101.64bc  142.16bc 18.76cd  16.48d 17.62e 7.60c 16.75b 24.35cd

121 WwW 46.41c¢ 82.69d 129.10c¢ 24.74a 23.08a 23.91a 11.48ab 19.08b 30.57b
WS 42.38¢ 39.46d 81.84de 19.47¢ 21.07b 20.27bc 8.25¢ 8.32¢ 16.57f

L14/121 WwW 64.75ab  126.19a 190.94a 19.05¢ 18.19¢ 18.62d 12.34ab 22.95a 35.29a
WS 35.33d 97.67¢ 133.00c 18.69cd  16.95d 17.82e 6.60c 16.55b 23.16d

L14/1.14 WwW 71.67a 125.17a 196.84a 18.87cd 17.97¢ 18.42de 13.53a 22.50a 36.02a
WS 42.21cd  106.99b 149.20b 18.21cd 17.35¢d 17.78de 7.69¢ 18.56h 26.25¢

121/121 WwW 45.50¢ 79.51d 125.01¢ 23.79a 23.79a 23.79a 10.83b 18.92b 29.74b
WS 41.15¢d 38.31d 79.46e 20.08bc  20.06b 20.07¢ 8.26¢ 7.69¢ 15.95¢

121/L14 WwW 57.92b 68.05¢ 125.97¢ 24.01a 23.99a 24.00a 13.90a 16.33b 30.23b
WS 56.59h 40.07d 96.66d 21.12b 21.10b 21.11b 11.95ab 8.46¢ 20.40e
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