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Continuous and constant supply of potassium in suitable level stimulates the
growth and absorption and utilization of nitrogen in M9T337
dwarf rootstocks seedlings
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( College of Horticulture Science and Engineering, Shandong Agricultural University/State Key Laboratory of
Crop Biology, Tai’an, Shandong 271018, China )

Abstract: [ Objectives ] Potassium plays an important role in nitrogen metabolism. The growth, nitrogen
absorption and utilization of apple were studied under different K supply conditions, which would help further
understanding the influencing mechanism of potassium nutrition on nitrogen metabolism and providing support

for reasonable K fertilization in apple production. [ Methods ] Sand culture method was used, and M9T337
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dwarf rootstocks seedlings were used as materials and the culture lasted 60 days. At the base of Hoagland
solution, K was supplied in five ways: deficient (0.5 mmol/L, K1) in 1-60 days, deficient (0.5 mmol/L) in 1-30
days and excess (12 mmol/L) in 31-60 days (K2), appropriate (6 mmol/L) in 1-60 days (K3), excess (12
mmol/L) in 1-30 days and deficient (0.5 mmol/L) in 31-60 days (K4), excess (12 mmol/L) in 1-60 days (K5).
The nutrition solution was replaced every other three days, and 0.01 g of Ca(”NO;), was added into each pot
with the replacement of solution and 0.2 g was added in total. At the 31st day and 60th day of treatment, seedling
samples were collected for the measurement of growth, root traits, N content, root NO,™ flux and seedling nitrate
reductase (NR) activity. [ Result ] At the 60th day after treatment, K3 obtained the highest plant dry matter, the
largest total root length and surface area, and significantly higher root activity. From 31 days to 60 days, the
greatest increase of above-ground dry weight was in K2 treatment (174.8%), the largest increase of root dry
weight was in K4 treatment (176.3%) and the greatest increase in total biomass, root length and root surface area
were in K3 (12.99 g/plant, 1059 cm/plant and 1113 cm?/plant, respectively). In both the measurements at 31 days
and 60 days, the highest root absorption rates of NO; were all in K3 treatment [29.63 and 36.19 pmol/(cm’'s),
respectively]. In treatments K1 and K4, the NO, ion flow in root was inward from day 1 to day 30 and became
outward from day 31 to day 60. During the whole treatment period, K3 treatment had the highest NR activity;
during 41-60 days, the NR activity increased significantly in K2 treatment but decreased significantly in K4.
The results of "N tracer showed that the N absorption ability of seedlings under K3 treatment was the highest, in
which the seedling total N accumulation, N utilization rate and "N allocation rate in leaf were all significantly
higher than those in other treatments. At the 60th day after treatment, the total N absorption was in order of
K3>K5>K2>K4>K1. [ Conclusions ] Deficient, excess or varied K supplement all impede root growth and
nitrogen movement to shoot in apple seedlings, and are not conducive to nitrogen uptake and utilization. Constant
and appropriate K supply will improve root activity and nitrate reductase activity, maintain a high NO, uptake rate
of root system, and promote the upward transport of nitrogen. So the constant and suitable K supply should be
considered through fertilization for the healthy and efficient growth of apple rootstock seedlings in practical K
management.

Key words: apple; potassium level; concentration variation; nitrogen; absorption
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F1 FEMEFIEERENR MIT337 & ERTE. REATERREL
Table 1 The dry weight and root/shoot ratio of M9T337 dwarf rootstocks seedlings under different
potassium supplying treatments

31d 60 d
b3
Treatment Hb -3 Shoot HRHB Root H5E Hh 17 Shoot HE Root et L

(g/plant, DW) (g/plant, DW) Root/shoot ratio (g/plant, DW) (g/plant, DW) Root/shoot ratio
K1 4.65+0.28¢ 1.99+0.19b 0.43+0.02a 10.88 +£0.88 d 4.18+029¢ 0.38£0.01 be
K2 472+0.15¢ 2.04+0.15b 0.43+0.01a 12.97+0.93 b 4.65+0.22 be 0.36+0.01 c
K3 7.44+£036a 2.89+026a 0.39+0.01b 16.58+0.94 a 6.74£0.68 a 0.41£0.02 ab
K4 512+021b 1.86+0.12b 0.36+0.01 ¢ 11.34 +£0.52 cd 5.14+038b 0.45+0.03a
K5 5.17+£0.14b 1.89+0.16 b 0.37+£0.01¢c 12.36 + 0.26 be 4.83+0.16 be 0.39+0.01b

7 (Note) : KI—FFEALEILLFE 60 K Keeping in low K for 60 days; K2—SGALEIALEE 30 K, F=AIALFE 30 K Keeping in low K for 30
days and then high K for 30 days; K3—i# #4b#E 60 K Keeping in appropriate K for 60 days; K4 4b# 30 K, FHLAIALEE 30 K Keeping
in high K for 30 days and then low K for 30 days; KS—F5£E =4 4b# 60 K Keeping in high K for 60 days. [F] 5% 5 /A [F] Bk R AL B ] 22 5
AT 5% 8.3 7KF Values followed by different letters in a column indicate significant difference among treatments at the 5% level.

&), K3 AL NRSERL M T ER K, N 7.44
g/plant, FHKh K5 AbFH, K1 AbBERAGHL E356T 5
/N 5 K3 ABEMIL, K1, K2, K4, K5 AF T AR
AT EHIFEAT31.1%. 29.4%. 35.6%. 34.6%. 1R
S DA AL B (K1, K2 AbBE) ey, 4 Ak B
(K5, K4 ZbH) 5%, Kk BEAR iR 30 K5 (B Ab3
60 KJm), R SAEYR K3 MR, 5 KWK
JEAR 1 RIFAIEL, H9 N 12.99 g/tk, MRARTEN
DL K3 AbBRE R, 4300k K1, K2, K4, K5 4P
ZTEM 1.61, 145, 1.31, 1.40f%; 2hiiE L%
PR K4 > K3 > K5 > K1 >K2, 5 b B a] 1) 4E
£, AR AE Y R AR AR ] o T R ORE
lH), KI., K2, K3. K4 Fll K5 23 R340 AR 2 4R

Y4y o 110.1% . 127.9% . 133.2% .
176.3%. 155.6%, 1M F R4 F A 9 03 s
DL K2 A B K, K3 AbBRE /N, 430K 174.8% Fil
114.2%,
2.2 HEIRETAXERENA MIT337 4R
RAESRIRAE IS

B % 2 AT, TRIBR 2R R 25 1 X 3 SRR ARG
MOT337 4l Hi AR R A | SR AR AR 2R 1 T 5w
BR . AR A BRI DL K3 40BN A4 AR &
KE. mREARTBRA, MR IE&E. KERE
1 Kg, KI5 K2 AHPRAKE ., BgmH
TR EES, A K2 B RTEE K1 AR ET)
Fho KB 30 Km, KIACFE R4 MR R K

R2 TREMEALIERERELH MITI3T ERAKE ., RASKRARERRAEN
Table 2 Length, total surface area and activity of M9T337 dwarf rootstocks seedling roots under
different potassium treatments

31d 60d
pOBLi
Treatment  CEE (cm/plant) BRI (cm¥plant) {71 [pe/(g-h)] KJZF (cm/plant) BRI (cm?/plant) 3G/ [pg/(g-h)]
Length Total surface area Activity Length Total surface area Activity

K1 1704.9+36.3 b 628.7+£26.1b 445+5.1d 2280.5+42.1¢ 1170.1+32.1d 521+7.1¢
K2 1718.2+453b 634.7+31.2b 56.5+42c¢ 2428.3+58.6b 1387.2+45.1b 76.3+62b
K3 1903.5+51.2a 705.6+43.8a 983+72a 29623+ 63.2a 18189+434a 1123+86a
K4 1589.6 £39.8 ¢ 501.8+33.7¢ 742+49b 24782+71.1b 1357.2+36.2b 583+59¢
K5 1585.8+49.1¢ 512.6+30.2¢ 703+6.8b 2323.1+46.7¢ 1267.9+39.6 ¢ 72.1+£6.5b

 (Note) : KI—RFELILEALHH 60 KX Keeping in low K for 60 days; K2—5EfLEILbH 30 K, Pmif4b## 30 KX Keeping in low K for 30
days and then high K for 30 days; K3—i& A 4bF 60 K Keeping in appropriate K for 60 days; K4—5EE 84 30 K, FRATALHE 30 K Keeping
in high K for 30 days and then low K for 30 days; KS—5:4% =414 # 60 K Keeping in high K for 60 days. [F] 58 5 /A 6] 7= 6: 3 s Ab # 0] 22 5
IKF| 5% &3 /K Values followed by different letters in a column indicate significant difference among treatments at the 5% level.
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Fig. 1 The root net NO, flux at the 31 and 60 day after
different potassium supplying treatments
[ (Note) : KI—FF£LRE 4L 60 K Keeping in low K for 60
days; K2—2efREPA03E 30 K, FE4HAbHE 30 X Keeping in low K
for 30 days and then high K for 30 days; K3—i&#l4b# 60 K
Keeping in appropriate K for 60 days; K4—JCE84bEE 30 K, FK
AL FE 30 K Keeping in high K for 30 days and then low K for 30
days; K5—FFZeE# 4B 60 K Keeping in high K for 60 days. J7HE
T B[R] R RN AN R b BRI FE 5% K22 5 3 Different
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different treatments at the 5% level.]
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Fig. 2 Dynamics of nitrate reductase activity with time in leaves and roots of M9T337 dwarf rootstock seedlings under
different potassium treatments

[i£ (Note) : KI1—fF£RA 4L 60 K Keeping in low K for 60 days; K2—JGfRAIALHE 30 K, T 4LH 30 K Keeping in low K for 30
days and then high K for 30 days; K3—i@4fAL#PE 60 K Keeping in appropriate K for 60 days; K4—2GE4AbEE 30 K, FHKEPALEE 30 K
Keeping in high K for 30 days and then low K for 30 days; K5—F¢2 = #4b3 60 K Keeping in high K for 60 days. £ a4k T AR FEER /R AL
HRIA)HE 5% /K24 57 3 Different letters above or under a line indicate significantly different among different treatments at the 5% level.]
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Table 3 The total N absorption, >N absorption and °N utilization rate of M9T337 dwarf rootstocks seedlings under
different potassium treatments

31d 60 d
b3 S E ISN I S i SN FIHER ISV TN e s ISN I Wi i SN R
Treatment Total N absorption N absorption I5N utilization rate  Total N absorption N absorption 15N utilization rate
(mg/plant) (mg/plant) (%) (mg/plant) (mg/plant) (%)
K1 157.06 £9.68 ¢ 1.08 £0.04 ¢ 6.36£0.24 ¢ 320.87+£11.65¢ 2.62+0.13 ¢ 7.71£0.18d
K2 160.12+£7.96 ¢ 1.10£0.03 ¢ 6.48+£0.28 ¢ 358.69+19.45b 3.07+0.12b 9.02+0.58b
K3 24590+ 6.42a 1.83+£0.12a 10.76 £0.71 a 481.53+23.21 a 3.88+0.18a 1143 +0.53 a
K4 185.13£13.74b 1.30+0.04 b 822+043b 316.25+18.54 ¢ 2.74+0.16 ¢ 8.06 £0.54 ¢
K5 186.18 £8.13 b 1.39+0.06 b 8.78+0.54b 371.14+ 1293 b 320+0.11b 941+0.32b

 (Note) : KI—RFELILEALHH 60 KX Keeping in low K for 60 days; K2—5EfLEILbH 30 K, Pmif4b## 30 KX Keeping in low K for 30
days and then high K for 30 days; K3—i& A 4bF 60 K Keeping in appropriate K for 60 days; K4—5EE 84 30 K, FRATALHE 30 K Keeping
in high K for 30 days and then low K for 30 days; KS—5:4% =414 # 60 K Keeping in high K for 60 days. [F] 58 5 /A 6] 7= 6: 3 s Ab # 0] 22 5
IKF| 5% &3 /K Values followed by different letters in a column indicate significant difference among treatments at the 5% level.
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Table 4 "N distribution in M9T337 dwarf rootstock seedlings under different potassium treatments

e 31d 60d
Treatment 2 Root Z£ Stem i Leaf 1 Root 2% Stem i Leaf
K1 41.88+1.53a 2225+235b 35.87+3.48¢c 32.68+1.46a 23.67+1.87b 43.65+0.85d
K2 4039+ 1.86a 2396+ 1.12 ab 35.64+1.35¢ 24.62+0.65b 26.59+1.52a 48.79 £2.15 bc
K3 28.63+1.35¢c 19.71+1.30 ¢ 51.66 +2.60 a 23.54+1.24b 18.17+1.37¢ 5830+2.14a
K4 3144+£095b 24.55+0.78 ab 4401 £1.60b 3040+ 197 a 2335+ 1.14b 46.25 £ 0.83 cd
K5 30.31 +£0.84 be 26.05+0.81a 43.64+£1.65b 2593+148b 22.74+£0.77b 51.33+£0.72b

# (Note) : K1—FF2ARHAIALEE 60 K Keeping in low K for 60 days; K2— SR HE 30 K, FiEEiALEE 30 X Keeping in low K for 30
days and then high K for 30 days; K3—i& #4bF 60 K Keeping in appropriate K for 60 days; K4—EE 8 4b# 30 K, FRAIALHE 30 K Keeping
in high K for 30 days and then low K for 30 days; KS—F54% =414 # 60 K Keeping in high K for 60 days. [F] 558 5 /A 6] -6k 3 s AL B ] 22 5
IKF| 5% & /K- Values followed by different letters in a column indicate significant difference among treatments at the 5% level.
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