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Abstract: [ Objectives ] The tolerance of seven apple rootstocks to low nitrogen stress was studied for the
selection and breeding of apple rootstocks. [ Methods ] Using the sand culture method,1/2 Hoagland nutrient
solution as basic nutrient solution, normal N supply (NN, 5 mmol/L NO;") and low N stress (LN, 0.5 mmol/L
NO;") were imposed. Seven annual apple rootstocks were tested—dwarf root stocks T337, Nic29, Pajam2, B9,
71-3-150; semi-dwarf rootstock Qingzhen 2, and vigorous stock (Malus baccata L. Borkh.). After the rootstocks
were treated for 60 days, the growth of new shoot, biomass accumulation, root morphology, nitrate reductase
activity of leaf and root, as well as nitrogen accumulation were measured. The tolerance to low nitrogen stress in
apple rootstocks was evaluated by membership function fuzzy evaluation method. [ Results ] Under normal N
supply, the dry weight of total plant, root/shoot ratio, and nitrogen use efficiency of the vigorous stock M. baccata
L. Borkh. were significantly higher than those of the five dwarf rootstocks, Pajam 2 had the highest dry matter
accumulation in total plant and B9 had the highest root/shoot ratio among the dwarf rootstocks. The growth rate of
new shoot and leaf NR activity of Nic29, a dwarf rootstock, were significantly higher than that of the remaining
six rootstocks. The root nitrate reductase activity of the semi-dwarf Qingzhen 2 was significantly higher than that
of the other rootstocks, which facilitated the nitrogen accumulation in root and plant.Compared with the normal N
supply, the growth of new shoot in T337, Nic29 and M. baccata L. Borkh. was significantly inhibited under sub
optimum nitrogen condition; the growth of new shoot in B9, Pajam2 and Qingzhen 2 was not significantly
affected; while the growth of new shoot in 71-3-150 was significantly higher, the leaf area increased, the root
biomass accumulation increased and the ratio of root/shoot increased significantly, reaching 2.59 times that of the
control. Under N deficiency condition, all root parameters of T337, B9, Pajam2 and M. baccata L. Borkh. were
significantly reduced, with T337 exhibiting drastic decrease, while root parameters such as total root surface area,
total root length, total root volume and number of root tips increased significantly in 71-3-150, and total root
surface area, total root length, root volume and root branches increased in Nic29, but the number of root tips
decreased in Nic29. The leaf nitrate reductase activity of apple rootstocks decreased under nitrogen deficiency
condition, and increased by 3.70, 5.16, 2.85 and 5.14-times in root of B9, Nic29, Pajam2 and M. baccata L.
Borkh., respectively, compared with normal nitrogen supply. Under nitrogen deficiency condition, nitrogen
accumulation in leaves, stems, and roots of T337, B9, Pajam2 and Qingzhen 2 decreased, so as nitrogen
accumulation in total plant decreased, with the largest decrease in Qingzhen 2. However, nitrogen use efficiency
of B9, Nic29, Pajam?2 and Qingzhen 2 all increased significantly, with the largest increase in Qingzhen 2, and
nitrogen accumulation in both root and plant of 71-3-150 all increased significantly. The seven apple rootstocks
were classified into three tolerance types based on tolerance index to nitrogen deficiency of above nineteen
indicators, including the growth rate of new shoot, root parameters, nitrate reductase activity, nitrogen
accumulation and nitrogen use efficiency, combined with the fuzzy evaluation method of the affiliation function
and cluster analysis: Class I was the most tolerant rootstock (71-3-150); Class II was the less tolerant rootstock
(Nic29, M. baccata L. Borkh., B9 and Qingzhen 2); Class III was the least tolerant rootstocks (Pajam2 and
T337). [ Conclusions ] Under normal nitrogen supply, the vigorous stock M. baccata L. Borkh. and the semi-
dwarf Qingzhen 2 outperformed the dwarf rootstocks in terms of biomass accumulation, root development and
nutrient uptake and utilization, but they were less adaptable to nitrogen deficiency condition. Apple rootstocks
adapt to nitrogen deficiency by increasing nitrogen use efficiency, of which the tolerant rootstocks were less
inhibited in growth and adapt to nitrogen deficiency conditions by regulating their own physiological
characteristics, increasing biomass and nutrient accumulation in root, and improving the ratio of root/shoot.

Key words: apple rootstock; nitrogen deficiency stress; root morphology; nitrogen absorption and utilization;

nitrogen metabolism
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Fig. 1 Shoot growth and leaf area of apple rootstocks under different nitrogen supply conditions
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B RRR Al — RS TR RIS AR 22 5 35 (P<0.05).

Note: NN—Normal N supply; LN—Low N stress. Different lowercase letters above the bars indicate significant difference between normal and

low N treatments of one rootstock, and different capital letters indicate significant difference among rootstocks under the same nitrogen supply

condition (P<0.05).
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Fig. 2 Dry weight and ratio of root/shoot of apple rootstocks under different nitrogen supply conditions
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TR A — PR T ARG AR 24 573 5.3 (P<0.05),

Note: NN—Normal N supply; LN—Low N stress. Different lowercase letters above the bars indicate significant difference between normal and

low N treatments of one rootstock, and different capital letters indicate significant difference among rootstocks under the same nitrogen supply

condition (P<0.05).
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Activity of nitrate reductase (NR)

THR A RS 1 (U/mg, protein)

60 rp ONN ELN

fii &R Rootstock

3 TRMAFRHTERMANE (A) RIRF (B) HERITRES (NR) FE14E
Fig. 3 Activities of nitrate reductase (NR) in leaves (A) and roots (B) of apple rootstocks under different
nitrogen supply conditions
T NN—IE#AMN; LN—REME . B EARE/NG FRERR R — R A IE # R AL BE R 22 57 W3 (P<0.05), AFRIRSFRERRIE

— LR T ARG A (/] 22 573 1 3 (P<0.05),

Note: NN—Normal N supply; LN—Low N stress. Different lowercase letters above the bars indicate significant difference between normal and

low N treatments of one rootstock, and different capital letters indicate significant difference among rootstocks under the same nitrogen supply

condition (P<0.05).
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AT, B9, Nic29. Pajam2 FIFfk 2 S HE M H
BRI W E R, AR 2 SRR, AN, IRA
ZAEF L WIE F A Pajam2 (1 &R FHRCR B8 & T H
A S FEEAR . M 4-C ATAL, SIEF LR,
A ST T337. B9 Fl Pajam2 AYM 8 2
FREAK, T337 Fil Pajam?2 AU R A B AR B F K,
B9. Nic29 A Ak 2 5 125 T A R 3 FEL,
1M 71-3-150 AYAR AT R (9 2 2B 3 T
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T337,
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Fig. 4 Nitrogen accumulation and nitrogen use efficiency in apple rootstocks under different nitrogen supply conditions
TE: NN—IEHAMN; LN—REUIE . A ERR/ING TR 3R Rl —fifi A IE 5 BRI AL B 22 53 .3 (P<0.05), ANRIKE FRERIRIF

— RS RN RG] 25 57 83 (P<0.05).

Note: NN—Normal N supply; LN—Low N stress. Different lowercase letters above the bars indicate significant difference between normal and

low N treatments of one rootstock, and different capital letters indicate significant difference among rootstocks under the same nitrogen supply

condition (P<0.05).
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Table 2 Evaluation of resistance to low-N stress of apple rootstocks using the method of fuzzy membership function

ik L R TR RETE EFR T L
Rootstock new shoot Average leaf area Root dry weight Stem dry weight Leaf dry weight  Root shoot ratio
T337 0.021 0.021 0.022 0.024 0.021 0.021
B9 0.033 0.027 0.021 0.021 0.036 0.028
71-3-150 0.048 0.053 0.053 0.052 0.053 0.053
Nic29 0.021 0.029 0.040 0.031 0.031 0.036
Pajam?2 0.052 0.025 0.039 0.021 0.026 0.026
LhsE ¥ 0.024 0.027 0.036 0.048 0.026 0.029
M. baccata
Hhl 25 0.050 0.025 0.030 0.028 0.027 0.031
Qingzhen 2

ik REHTTR etk BRI ey Tt mesnn
Rootstock Root surface area Root total length Root total volume Root tips diameter Root forks
T337 0.021 0.024 0.024 0.042 0.021 0.053
B9 0.027 0.026 0.025 0.053 0.021 0.052
71-3-150 0.053 0.053 0.053 0.033 0.053 0.050
Nic29 0.031 0.030 0.031 0.039 0.031 0.034
Pajam?2 0.029 0.021 0.026 0.021 0.026 0.021
e 0.028 0.027 0.021 0.041 0.022 0.029
M. baccata
Hili2 5 0.032 0.028 0.029 0.041 0.028 0.033
Qingzhen 2

ik PP spmpp D UVRREL HPRBSRRGL AR

Rootstocks Root N accumulation ~ Stem N accumulation LeafN. TOt,alN, N ut111.zat10n
accumulation accumulation in plant efficiency

T337 0.021 0.038 0.030 0.028 0.021
B9 0.026 0.031 0.024 0.025 0.029
71-3-150 0.053 0.053 0.052 0.053 0.025
Nic29 0.027 0.039 0.029 0.030 0.036
Pajam?2 0.023 0.041 0.021 0.026 0.038
¥ 0.026 0.039 0.049 0.034 0.030
M. baccata

Hili2 5 0.024 0.021 0.026 0.021 0.053
Qingzhen 2

g DRSS RSN A "
Rootstocks Leaf mtrat.e .reductase Root mtrafe .reductase Comprfzhen31ve Rank
activity activity evaluation value

T337 0.049 0.027 0.529 7

B9 0.053 0.043 0.602 4

71-3-150 0.031 0.025 0.897 1

Nic29 0.030 0.053 0.627 2

Pajam?2 0.021 0.038 0.542 6

Lh7E ¥ 0.023 0.052 0.610 3

M. baccata

Hhili 25 0.046 0.021 0.593 5

Qingzhen 2
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Fig. 5 Cluster analysis of apple rootstocks tolerance to low N stress
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