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Effects of seaweed extract on drought resistance and nutrient
absorption of apple rootstock seedlings under drought stress

FENG Jingtao, LIU Zhaoxia, XU Xinxiang, YU Tianwu, GE Shunfeng, JIANG Yuanmao
( College of Horticulture Science and Engineering, Shandong Agricultural University ,
State Key Laboratory of Crop Biology, Tai’ an, Shandong 271018, China)

Abstract; This experiment used annual apple rootstock M9T337 seedlings as the test material and five treat-
ments including normal water supply ( CK) , moderate drought (MD) , moderate drought + seaweed extract (MD+
SE ), severe drought (SD) , and severe drought + seaweed extract (SD+SE) to study the changes in biomass, pho-
tosynthetic characteristics, antioxidant enzyme activity, osmotic adjustment substance content, and plant nutrient
contents of the seedlings impacted by seaweed extracts. The results showed that, under moderate drought stress, the
total plant biomass increased by 15.4% and the net photosynthetic rate increased by 12.1% compared with that of
MD treatment. The activities of SOD, POD, CAT, and APX increased by 4.5%, 8.4%, 30.6%, and 9.8% ,re-
spectively. Osmotic regulation substances such as soluble protein and proline increased by 19.1% and 13.1% com-
pared to that of MD treatment. The nitrogen, phosphorus, and potassium contents of plants increased by 19.2%,
22.7% , and 40.5%, respectively, compared to that of MD treatment. Under severe drought stress, the total
biomass after foliar spraying seaweed extracts increased by 13.7% compared to that of SD treatment, the net photo-
synthetic rate increased by 10.2% compared to that of SD treatment, and the activities of SOD, POD, CAT, and
APX compared to SD increased by 16.6%, 18.1%, 30.2%, and 8.9%, respectively. Soluble protein and proline
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and other osmotic regulation substances increased by 14.1% and 13.1% compared to that of SD treatment, respec-

tively.Plant nitrogen, phosphorus, and potassium contents increased by 12.4% , 21.7% , and 38.4% , respectively,

compared to that of SD treatment. Under different degrees of drought conditions, seaweed extracts spray had good

relief effect, and the relief effect on moderate drought stress was more significant.

Keywords: apple rootstock seedlings; drought stress; seaweed extract; foliar spraying; drought resistance

physiology ; nitrogen, phosphorus, and potassium contents
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Table 1 Effects of seaweed extract on apple biomass and root activity under different degrees of drought stress

pOBL M FFRAE Y g AP g MAEYR/g WRRIES/ (pg - g")
Treatment Aboveground biomass Underground biomass Total biomass Root activity
CK 7.30+0.13a 3.52+0.20a 10.82+0.22a 5.58+0.17a
MD 4.22+0.20¢ 3.17+0.02b 7.39+0.18¢ 4.21+0.09¢
MD+SE 5.17+0.02b 3.36+0.05ab 8.53+0.07b 5.36+0.07a
SD 3.93+0.05d 2.32+0.19d 6.25+0.22¢ 3.79+0.12d
SD+SE 4.32+0.10¢ 2.79+0.20c 7.11+0.22d 4.55+0.15b

T« RSN R AN [R) 7 e A B ) 22 5 W 25 ( P<0.05) , T[],

Note: Values followed by different letters in a column indicate significant differences among the treatments ( P<0.05). The same below.
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Table 2 Effects of seaweed extract on chlorophyll content in apple leaves under different degrees of drought stress

Kb etz a/(mg-gh) MetE b /(mg - g") 2% a/b M4 E ath/(mg - g7') FKHE MR/ (mg-g™")
Treatment Chlorophyll a Chlorophyll b Chlorophyll a/b Chlorophyll a+h Carotenoid
CK 2.07+0.02a 2.39+0.05a 0.86+0.02b 4.46+0.06a 17.72+0.03a
MD 1.45+0.03¢ 1.43+0.01¢ 1.01£0.02a 2.88+0.04c 12.49+0.02d
MD+SE 1.60+0.05b 1.95+0.03b 0.82+0.03b 3.55+0.05b 14.54+0.11b
SD 1.34+0.05d 1.35+0.02¢ 0.99+0.04a 2.69+0.04d 11.93+0.55¢
SD+SE 1.48+0.06¢ 1.93+0.11b 0.76+0.04c 3.41+0.14b 13.65+0.31c
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Table 3  Effects of seaweed extract on photosynthesis in apple

leaves under different drought stress
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CK 14.43+0.40a 3.53+0.06a 271.33+9.45a 149.00+5.19a
MD 12.00+0.62¢  3.06+0.06¢ 208.00+6.55¢ 125.00+3.61c
MD+SE  13.46+0.40b 3.33+0.12ab 230.00+7.81b 135.66+3.10b
SD 11.30+0.10¢  2.60+0.10d 182.00+6.00d 120.00+4.00d

SD+SE  12.46+0.40b 3.16+0.25b 219.33+7.57b130.66+1.53bc
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Note: Values followed by different letters in a column indicate significant differences among the treatments ( P<0.05).

The same below.
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Fig.1 Effects of seaweed extract on fluorescence parameters of apple leaves under different degrees of drought stress
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Fig.2 Effects of seaweed extract on MDA content and antioxidant enzyme activity in apple

leaves under different degrees of drought stress
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Fig.3 Effects of seaweed extract on soluble protein and proline content in apple leaves under different degrees of drought stress
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Table 4 Nutrient content of different organs and whole apple plant in each treatment

JGE Element AL EE Treatment H Root Z£ Stem I Leaf FEH#E Whole apple plant

CK 7.02+0.14a 3.88+0.02a 3.90+0.14a 14.80+0.08a

MD 5.16+0.05¢ 3.33+0.14b 1.48+0.07¢ 9.97+0.12¢

N MD+SE 5.65+0.04b 3.63+£0.07a 2.61+0.21b 11.89+0.25b
SD 3.77+0.30d 2.43+0.18¢ 1.84+0.23¢ 8.04+0.36d

SD+SE 3.91+0.35d 3.25+0.21b 2.55+0.45b 9.71+0.36¢

CK 2.31£0.13a 1.05+£0.02a 0.83+0.03a 4.19+0.16a

MD 1.44+0.06b 0.46+0.03¢ 0.25+0.03d 2.15£0.07¢

P MD+SE 1.54+0.11b 0.57+0.02b 0.53+0.06b 2.64+0.07b
SD 0.83+0.08¢ 0.46+0.04c 0.18+0.09e 1.47+£0.07e

SD+SE 0.91+0.09¢ 0.56+0.04b 0.32+0.01¢c 1.79+0.10d

CK 4.73+0.37a 2.83+0.06a 3.03+0.25a 10.59+0.47a

MD 2.04£0.11c¢ 1.37£0.12¢ 1.03+0.07d 4.44+0.05d

K MD+SE 3.13+0.25b 1.77+0.17b 1.34+0.11be 6.24+0.42b
SD 1.68+0.17d 1.01+0.14d 1.24+0.24c¢ 3.93+0.07e

SD+SE 1.95+0.15d 1.47+0.01bc 2.02+0.77b 5.44+0.63¢
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