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Abstract: Cabernet Sauvignon grapes in the wine-producing area of Helan Mountain, East Ningxia, China, were the research
object in this study. The dissection of the roots and branching stems method was used to explore the dynamic changes in the
nitrogen, phosphorus, and potassium nutrient requirements of wine grapes over a number of growth stages. The results
showed that over the whole growth period, the nitrogen content of the roots was the highest during the leaf-expansion stage and
lowest during the turning-color stage, and that the nitrogen content of the leaves and fruit showed a downward trend as growth
progressed. The nitrogen content of the secondary branches was the lowest during the fruit expansion stage and the highest
during the leaf-expansion stage; and the phosphorus content of the roots was the highest during the leaf-expansion stage and
lowest during the fruit expansion stage. The phosphorus content of the trunk and primary branches showed a trend of
“rising-falling-rising”.  The phosphorus content of the leaves and secondary branches was the lowest during the turning-color
stage, whereas the phosphorus content of the fruit was at its highest during this stage. The potassium contents of the
secondary branches and fruit showed a downward trend, but the potassium content of the leaves was highest during the fruit
expansion stage and lowest in the nutrient return stage. Over the whole growth period, the accumulation of nitrogen,
phosphorus, and potassium in wine grapes was 129.92 kg/hm? 41.51 kg/hm?, and 189.47 kg/hm?, respectively, the total
requirements for N, P,Os, and K,O were 262.38 kg/hm?, 288.15 kg/hm?, and 569.04 kg/hm?, respectively, and the reasonable
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1 Introduction

The excellent terrain conditions of the wine-producing area on
the eastern foothills of Helan Mountain in Ningxia, China, have led
to the production of unique, high-quality winesi*?.  The
flourishing production area at the eastern foot of Helan Mountain
has become a hot spot for the international wine industry®®l. The
grape planting area in the region covers 40 700 hm?, of which wine
grapes account for 35300 hm? and “Cabernet Sauvignon” is the
main cultivar™. However, associated problems have appeared.
Previously, fruit farmers lacked theoretical guidance on fertilization
management and did not apply the appropriate amount of fertilizer,
resulting in uneven nutrition in vineyards and reduced fertilizer
utilization, which affected the healthy development of the Ningxia
wine grape industry.

Nitrogen, phosphorus, and potassium are known as the “three
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elements of plant nutrition” and are the indispensable material basis
for growth and development, yield formation, and the quality
improvement of wine grapes®®. The natural conditions, and
cultivation and management measures in different production areas
vary, which means that the nitrogen, phosphorus, and potassium
contents in wine grapes are also different. For example, research
in the former Soviet Union has shown that after fertilization over
nine consecutive years the optimal amounts of nitrogen,
phosphorus, and potassium for grapes were 60 kg/hm?, 60 kg/hm?,
and 120 kg/hm?, respectively. Whereas France produces high-end
wines and the amount of fertilization in the vineyards was
controlled at 60 kg/hm?, 60 kg/hm?, and 120 kg/hm?, respectively!”.
Bell et al.!¥ carried out a field study about the effect of nitrogen
supply on the vegetative and reproductive growth of Cabernet
Sauvignon under low nitrogen state conditions and concluded that
the optimal nitrogen application rate was 100 g/plant. However,
under the condition of drip irrigation to the gravelly limestone soil
found on the eastern foothills of Helan Mountain in Ningxia, it is
still not clear what the dynamic changes in nitrogen, phosphorus,
and potassium nutrient requirements are for wine grapes.

The types and quantities of nutrient elements contained in
various wine grape organs during each growth period vary and the
demand for nutrients is also significantly different’™.  The
nutritional diagnosis and analysis of the dynamic changes in
various mineral nutrients can reveal the fertilizer requirements for
wine grapest’®*, At present, many different methods are used to
nutritionally diagnose fruit trees across the globe. For example,
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Mostashari et al.l*?! used component nutrition diagnosis (CND) and
diagnosis and recommendation integrated system (DRIS)
diagnostic methods to determine the fertilization standard for
grapes, and Portugal uses a DRIS analysis of petioles and has
developed specific nutritional diagnostic criteria based on soil,
climate, and cultivar variability™.  However, these two
diagnostic methods are based on leaf analyses and do not consider
other organs. Furthermore, these diagnostic methods can only
determine the order of fertilizer needs, but not the amount of
fertilizer that needs to be applied™l.

The traditional diagnosis methods rely on a partial diagnosis,
such as a leaf assessment, which has limitations. Root dissection
and micro-loss sampling of various organs during the whole growth
period can comprehensively, dynamically, and accurately produce
a precise nutritional diagnosis of wine grapes, which has important
guiding significance for promoting the scientific and precise
fertilization of wine grapes in Ningxia.

2 Experimental procedures

2.1 Experimental site

This study was conducted at the Lilan Winery Base
(38°16'38"N, 105°5820"E) in Yongning County, Ningxia, China,
from April to October, 2019. The region has a temperate arid
continental climate with an altitude of about 1050 m, there is little
rain all year round, and the average annual expected volume is
about 200 mm. The average annual temperature is 8.8<C, the
temperature difference between day and night is 10<C-15<C, the
annual temperature is >10°C, the accumulated temperature can
reach 3000<C, and the annual sunshine hours are above 2800 h.
The frost-free period is 150-170 d and water rapidly evaporates.
The soil parent material in this experimental area is mainly diluvial,
and the soil types are aridisol order, sierozem soil types, and
gravelly sierozem soil subtypes. The soil texture is loamy sandy
soil.  The basic chemical properties are shown in Table 1.

Table 1 Basic chemical properties of the vineyard soil

Soil depth/cm pH Total salt/g kg™ SOM/g kg™ TN/g kg™ TP/g kg™ AN/mg kg AP/mg kg™ AK/mg kg
0-20 8.54 0.65 8.29 0.51 0.25 39.60 39.68 110.40
20-40 8.50 0.44 5.01 0.39 0.20 28.35 25.18 89.37
40-60 8.60 0.43 3.49 0.31 0.20 23.80 17.27 81.80

2.2 Research methods

The research object was 7-year-old Cabernet Sauvignon, which
was planted in a north-south direction. The shaping method was
long tip tilting on the shelf, the plant row spacing was 0.6 m>3.5 m,
the planting density was 4760 plants/hm?, and the drip irrigation
quota was 3000 m*hm?®  Vineyards with similar site conditions
were chosen and five plots were set up. Vineyards with
comparable site conditions were chosen and each contained five
plots. Each plot had a total of 100 wine grapes plants at the
germination stage. A fertilization ditch was dug 30 cm away from
the root of the grape plant. It had a length and width of 30 cm and
a depth of 60 cm.  All the fertilizer was mixed with the excavated
soil and then the soil was backfilled into the ditch. The amount of
organic fertilizer was 4.5 t/hm? (Organic matter >45%,
N-P,0s5-K,0: 2.5-1.0-1.5), and the amounts of actual fertilizer
added were N 225 kg/hm?, P,O5 195 kg/hm?, K,0 300 kg/hm?,

During the germination stage (April 13), the leaf-expansion
stage (April 28), the flowering stage (May 28), the fruit expansion
stage (July 12), the turning-color stage (August 11), the mature
stage (September 25), and the nutrient return stage (October 25),
seven plant samples were collected along with a soil sample
collected during the germination stage.

The plant samples were divided into roots, stems (main trunk,
primary branches, and secondary branches), leaves, and fruits
according to their organs (Figure 1). Five trees were selected for
sampling each time by the arithmetic difference method, and the
sampled soil depth was 0-60 cm.  The coarse roots, medium roots,
and fine roots were mixed together as the root samples, and the
aboveground vegetation sampling method included 1/2 of the main
trunk. Five entire branches from the sampling section were
removed from each tree and each tree was divided into three layers.
Then 200 leaves at different heights were taken and mixed together
to form the leaf samples, and five bunches of fruits of similar
quality were mixed together as the fruit samples. The soil
samples were collected at a distance of 30 cm from the tree root,
and were divided into three layers (0-20 cm, 20-40 cm, 40-60 cm)
according to human disturbance and natural soil conditions. A
total of 15 soil samples were collected.

Secondary branch

Primary branch

Surface

20 cm
40 cm Soil

60 cm

a. Wine grape shaping method

Fruit sampl site

Secondary branchs are
sampled whole branches

The root sampl area

b. sampling sites of various organs
Figure 1 Wine grape shaping method and sampling sites of
various organs

2.3 Measurement instruments and methods
2.3.1 Volume determination

The wine grape plants are coaxially branched and the branches
were classified into the main stem, first-level branches, and
second-level branches. Each level of branch was approximately
regarded as being a truncated cone. At each sampling, the
diameters of all marked grape trunks and half of the first-level
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branches were measured with a Vernier caliper and recorded as d,

and the length was measured with a tape measure and recorded as L.

The volume V = m(d/2)>2L, which represents a cylinder and
truncated cone of equal height. When the cylinders and truncated
cones are of equal height, and the radius of the base of the cylinder
is the middle term of the arithmetic difference between the radii of
the two bases of the truncated cone, then their volumes are the
same.

2.3.2 Density determination

A triangular flask was filled with water and tightly plugged.
Any water attached to the flask was wiped off with clean filter
paper and then it was weighed as M;. The sample weight was M,.
The sample was placed in the triangular flask, which was then
tightly stoppered and cleaned using filter paper. The flask plus
sample was then weighed as M (in order to prevent bubbles on the
surface of the sample, the sample was soaked in a surfactant so that
the effect on p is negligible), and the volume of the sample was
calculated from V=(M;+M,;—M;)/pyater, Where p e is the density
of water, in the standard state, pyaer =1 g/mL, and the density
calculation formula for the sample is: p=M, /v %],

2.3.3 Quality determination

The dry matter mass of the trunk and primary branches for the
whole tree = V+p, the dry matter mass of secondary branches = the
mass of a single branch x the number of secondary branches, the
dry matter mass of leaves = weight of 100 leaves/100>the number
of leaves, the fruit dry matter mass = 100-grain weight/100%
number of fruits, root dry matter mass = root-shoot ratio < ground
dry matter, and mass = root-shoot ratio>(main stem dry matter
mass + first-level branch dry matter mass + second-level branch
dry matter mass + dry matter mass of leaves + dry matter mass of
fruits)!6].

The total amount of dry matter produced at each stage = the
overall dry matter mass of the stage — the dry matter mass of the
previous stage.

2.3.4 Plant samples analysis

The collected plant samples were rinsed with distilled water
and placed in an oven for 0.5 h at 150<C to deactivate the enzymes.
Then they were dried at 70<C and crushed to determine the
nitrogen, phosphorus, and potassium contents of the plants. The
plant nitrogen, phosphorus, and potassium samples were digested
with H,SO4-H,0,, total nitrogen content was measured by the
micro-Kjeldahl method, total phosphorus content was measured by
vanadium molybdenum yellow colorimetry, and total potassium
content was measured by the flame photometer method™"!.

2.3.5 Soil samples analysis

The collected soil samples were air-dried, ground, and passed
through 1 mm and 0.25 mm sieves to determine pH, total salt,
organic matter, total nitrogen, total phosphorus, alkali hydrolyzed
nitrogen, available phosphorus, and available potassium according
to Baol™. Soil pH (water-soil ratio 5:1) was measured with a
PHS-25 (PHS-25, LeiCi, China) precision pH meter, total salt
(water-soil ratio 5:1) was measured with a conductivity meter,
organic matter was measured by the potassium dichromate
volumetric method-external heating method, total nitrogen was
measured using the Kay nitrogen determination method, total
phosphorus was determined by the molybdenum-antimony
anti-colorimetric method, alkaline hydrolysis nitrogen was
determined by the alkaline hydrolysis diffusion method, available
phosphorus was determined by the molybdenum-antimony
anti-colorimetric method, and quick-acting potassium was
determined by flame photometry.

2.3.6 Determination of macroelements accumulation

The accumulation of N in a certain organ during a certain
growth period = the N fertilizer content of a certain organ in this
growth period — the N fertilizer content of the organ in the previous
growth period.

The accumulation of P in a certain organ during a certain
growth period = the P fertilizer content of a certain organ in this
growth period — the P fertilizer content of the organ in the previous
growth period.

The accumulated amount of K in an organ during a certain
growth period = the content of K fertilizer in an organ during this
growth period — the content of K fertilizer in the organ in the
previous growth period.

2.3.7 Determination of fertilizer requirements

N demand = nitrogen accumulation in each organ during each
growth stage / nitrogen utilization rate (N utilization rate is
calculated at 35%).

P,0s5 demand = 2.29 x phosphorus accumulation in each organ
during each growth stage / phosphorus utilization rate (the
utilization rate of P,Os is calculated as 25%).

K,0 requirement = 1.20 x potassium accumulation in each
organ during each growth stage / potassium utilization rate (K,O
utilization rate is calculated as 45%) 181,

2.4 Data analysis

Excel 2007 was used to organize the data and graphs, SPSS
21.0 software was used for the analysis of variance, and the LSD
method (p <0.05) was used for multiple comparisons. The data in
the table are the means +standard error.

3 Results

3.1 Dry matter quality of various organs during the growing
period for wine grapes

It can be seen from Table 2 that the wine raisin quality
significantly increased over the whole growth period. The dry
matter quality of the roots, main stems, and first-level branches was
lowest at the germination stage (1628.64 g/plant, 1178.75 g/plant,
and 275.39 g/plant, respectively, and the dry matter qualities were
greatest during the nutrient return period (7717.13 g/plant,
1333.29 g/plant, and 344.29 g/plant, respectively), which increased
by 373.84%, 13.11%, and 25.02%, respectively, compared to the
germination stage. The dry matter quality of each organ
significantly increased during the fruit expansion stage, and the
fruit expansion stage qualities increased by 76.18%, 4.50%, 7.99%,
67.06%, 130.89%, and 48.91%, respectively compared to the
flowering stage.
3.2 Cumulative change law for the quality of wine raisins

Table 3 shows that the dry matter accumulation in the wine
grape roots was greatest during the expansion period, accounting
for 44.00% of the entire growth period, and the accumulation of
nutrients was lowest during the nutrient return stage, accounting for
27.39% of the entire growth period. Dry matter accumulation by
secondary branches, primary branches, and the main stem over the
whole growth period accounted for 91.23%, 4.68%, and 2.09% of
the total dry matter accumulation by stems, respectively. Leaf dry
matter accumulation over the whole growth period was
2522.26 kg/hm?, and the dry matter accumulations during each
growth stage were in a descending order for flowering stage,
mature stage, turning-color stage, fruit expansion stage, leaf
expansion stage, and nutrient return stage. The largest proportion
occurred during the flowering stage (27.60%), and the
accumulation of nutrients during the return stage was lowest at


http://dict.cnki.net/javascript:showjdsw('showjd_1','j_1')
http://dict.cnki.net/javascript:showjdsw('showjd_0','j_0')

150  July, 2022 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 15 No. 4

3.92%. Dry matter accumulation by the fruit over the whole
growth period was 1696.46 kg/hm? of which the greatest

accumulation occurred during the fruit expansion stage followed by
the turning-color stage, and the mature stage was the lowest.

Table 2 Dry matter quality of each organ during the growth period of wine grapes (g plant™)

Stem
Growth stage Root Leaf Fruit
Trunk First branch Second branch

GS 1628.64 +6.00 ¢ 1178.75+4.71 ¢ 275.39 +£0.66 g - -

LS 1797.85 +6.74 f 118452 +4.26 f 278.00 £0.72 f 57.85+0.14 f 159.86 +£1.19 f -

FS 2910.87 +£12.36 ¢ 1209.78 +6.99 e 287.20 +0.54 e 679.20 +2.81e 855.80 +2.54 ¢ -

ES 5128.4 +£21.02d 1264.26 +5.53 d 310.14 +£0.95d 1568.38 +7.81d 1274.51+4.28 d 815.77 +2.88 ¢
TS 6529.62 +£23.87 ¢ 1297.26 +5.81 ¢ 327.66 +£0.76 ¢ 234225 +9.92 ¢ 1801.32 +5.28 ¢ 1406.92 +4.46 b
MS 7579.13 £27.63 b 1325.83 +6.11b 340.87 £0.70 b 292521 +12.51b 242327 £7.15b 1696.46 +5.29 a
NRS 7717.13 £26.29 a 1333.29 +6.22 a 344.29 £0.69 a 3012.43+10.80 a 2522.26 +6.86 a -

Note: Abbreviations: GS: germination stage; LS: leaf-expansion stage; FS: flowering stage; ES: expanding stage; TS: turning-color stage; MS: maturation stage; NRS:

nutrient reflux stage, different letters in the same column indicate that the difference is significant (p<0.05), the same below.

Table 3 Dry matter accumulation of wine grapes during each growth stage (kg hm?)

Stem
Growth stage Root Leaf Fruit
Trunk First branch Second branch

GS - - - -

LS 169.21 +1.28 e 5.77 £0.78 e 2.61+0.11°f 57.85 £0.24 f 159.86 +2.06 e -

FS 1113.02 £9.73 ¢ 25.26 +2.74d 9.20 +0.32d 621.44 +4.62 ¢ 696.03 £2.34a -

ES 221753 £14.99 a 54.45 +2.53 a 2294 +0.71a 889.09 £8.66 a 418.62 £4.37d 815.77 £4.98 a
TS 1401.22 +4.94 b 33.00 £0.48 b 1752 +0.11b 773.87 £3.66 b 526.81 £1.73¢c 591.15 +£2.75 b
MS 1049.51 +6.52 d 28.57 £0.53 ¢ 13.21 +0.10¢ 582.96 +4.49 d 621.95 £3.23b 289.54 +1.43 ¢
NRS 138.00 +2.32 f 7.46 £0.18 ¢ 342+0.01e 87.22+297e 98.99 +0.49 f -

3.3 Dynamic analysis of nitrogen, phosphorus, and potassium
contents in wine grapes
3.3.1 Dynamic analysis of nitrogen in wine grapes

Figure 2 shows that the nitrogen contents of the leaves and
secondary branches significantly changed. From the
leaf-expansion stage, the nitrogen content of the leaves decreased
slowly, but the nitrogen content of the secondary branches slightly
increased. The nitrogen content of the branches was lowest
during the expansion stage, at 4.8 g/kg, and the nitrogen content
during the open-leaf stage was highest, at 21.41 g/kg. The
nitrogen content of the main stem and first-level branches over the
whole growing period showed small fluctuations in the range of
2.62-8.07 g/kg, and both reached their lowest values during the
expansion stage (2.62 g/kg and 3.43 g/kg, respectively). The
nitrogen content of the roots showed a trend of “rising-falling-
rising” throughout the whole growth period, reaching a peak value
of 12.96 g/kg during the leaf-expansion stage, and was lowest at
6.82 g/kg during the turning-color stage. The nitrogen content of
the fruit showed a downward trend from the expansion stage to the
mature stage, and the maximum content during the expansion stage
was 13.83 g/kg.

401 —a— Root

—o— Trunk

—A— First branch
Second branch

—&— Leaf

—<— Fruit

Nitrogen content/g-kg’
w9 :
-

= ————R————§

GS LS FS ES TS MS NRS
Growth stage

Figure 2 Dynamic changes to nitrogen content in various organs

at the different growth stages

3.3.2 Dynamic analysis of phosphorus in wine grapes

Figure 3 shows that the phosphorus contents of the leaves and
secondary branches over the whole growth period significantly
changed during the early stage. It significantly decreased from
the leaf expansion stage and reached its lowest value during the
turning-color stage. The phosphorus contents were 2 g/kg and
1.43 g/kg, for the leaves and secondary branches, respectively.
The phosphorus content of the trunk and first-level branches during
the whole growth period showed similar changes and were in the
range 0.56-3.28 g/kg. The difference was that the phosphorus
content in the trunk was lowest during the expansion stage at
0.56 g/kg, whereas the phosphorus content in the first-level branch
was lowest during the mature stage at 0.69 g/kg. The phosphorus
content of the roots gradually increased from the germination stage,
reached a peak at the leaf expansion stage, and then gradually
decreased and reached its lowest value during the fruit expansion
stage (2.82 g/kg). The phosphorus content of the fruit
significantly increased from the fruit expansion stage to the
turning-color stage where it reached 4.06 g/kg. It was lowest at
the mature stage (1.45 g/kg).

10
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£ —<— Fruit
(5]
w
X
=
o,
w
2
& 2r
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1
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Growth stage

Figure 3 Dynamic changes to phosphorus content in various
organs at the different growth stages
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3.3.3 Dynamic analysis of potassium in wine grapes

Figure 4 shows that the potassium contents of the roots, main
stems, and primary branches across the whole growth period
varied from 4.11 to 11.26 g/kg, and that the potassium content of
the roots was highest during the nutrient return stage (8.67 g/kg)
and lowest during the leaf expansion stage (4.11 g/kg). The
main stem potassium content was highest during the leaf
expansion stage (7.07 g/kg) and lowest during the germination
stage (5.13 g/kg). The potassium content of the first-level
branches was highest during the fruit expansion stage
(11.26 g/kg), and lowest during the mature stage (5.59 g/kg); the
potassium content of the secondary branches significantly
decreased from the leaf expansion stage and slightly after the
flowering stage; and the potassium content of the leaves slightly
decreased from the leaf expansion stage, reached its lowest value
during the flowering stage, then increased slightly, but began to

slowly decrease after reaching its peak during the expansion stage.

The potassium content of the fruit gradually decreased from the
expansion stage to the mature stage.

S0f —=— Root
—o— Trunk
:““’ 40k 4— First branch
0 Second branch
B —— Leaf
2 30r ‘\{F:llil
o
o
g
5 20 \/\\\
2
3 10} —A
9
() 1 1 1 1 1 1 1

GS LS FS ES TS MS  NRS
Growth stage
Figure 4 Dynamic changes to potassium content in various
organs at the different growth stages

3.4 Accumulation of nitrogen, phosphorus, and potassium in
wine grapes

It can be seen from Table 3 that nitrogen accumulation by the
roots was greatest during the flowering stage and lowest during the
nutrient return stage, while nitrogen accumulation in the stem was
greatest during the flowering stage and lowest during the nutrient
return stage.  Overall, accumulation was low during the
germination stage and greatest during the fruit expansion stage,
accounting for 8.68% of the whole growth period. Nitrogen
accumulation was lowest during the mature stage, accounting for
1.33% of the whole growth period.

The phosphorus accumulations in each organ were in a
descending order for root, leaf, stem and fruit, while the
phosphorus accumulations in roots at each growth stage were in a
descending order for expansion stage, color-turning stage,
flowering stage, mature stage, leaf development stage, nutrient
return stage and germination stage. Phosphorus accumulation in
stems was greatest during the flowering stage, and lowest during
the nutrient return stage. Phosphorus accumulation in the leaves
was also greatest during the flowering stage and lowest during the
nutrient return stage followed by the maturity stage.

The potassium accumulations in each organ were in a
descending order for stem, leaf, fruit and root. The roots
accumulated the most potassium during the expansion stage and the
least during the leaf-expansion stage, and the potassium
accumulations during each growth stage by the stem were a
descending order for expansion stage, flowering stage,
turning-color stage, mature stage, leaf development stage and
nutrient return stage. Potassium accumulations in the leaves over
the whole growth period were highest during the flowering stage
and lowest during the nutrient return stage, which were in a
descending order for fruit expansion stage, color-turning stage, and
mature stage.

Table 4 Nitrogen, phosphorus, and potassium accumulation in various organs at the different growth stages (kg-hm™)

Root Stem
Growth stage
Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium
GS - - - - - -
LS 2.19+0.02¢ 0.74 +0.01d 0.07 =0.01 f 1.27 +£0.01e 0.35+0.00d 2.63+0.02¢
FS 11.61+0.10b 4.01+0.04b 6.63 +0.06 ¢ 7.49 +0.07 a 2.39+0.02 a 15.60 £0.13 b
ES 18.21+0.12a 6.25+0.04 a 17.05+0.12a 3.48 £0.04 ¢ 2.34+0.02b 17.16 +0.18 a
TS 9.56 +0.03 d 4.02+0.02b 8.41+0.03b 3.90+0.01b 1.22+0.01c 11.00 £0.05 ¢
MS 10.40 £0.06 ¢ 3.93+0.02 ¢ 6.19 +0.04d 3.35+0.03d 1.21+0.01c 7.78 £0.06 d
NRS 1.20 +0.02 f 0.06 £0.01 e 1.20+0.02¢ 0.56 £0.01 e 0.22+0.01e 1.03+0.03 f
Total 53.17 19.01 39.55 20.05 7.72 55.267
Leaf Fruit
Growth stage
Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium
GS - - - - - -
LS 5.82 +0.07d 1.16 +£0.01d 3.76 +0.05¢ - - -
FS 2.00£0.07 e 355+0.01a 1151 +0.04 a - - -
ES 8.82+£0.09 ¢ 1.34+0.01c 9.88£0.10d 11.28 +0.07 a 3.03+0.02a 23.76 £0.15a
TS 10.31 +£0.03 b 1.05+0.00 e 10.76 £0.04 ¢ 5.59 +0.03 b 2.40+0.01b 16.16 £0.08 b
MS 11.15 +0.06 a 1.54+0.01b 11.31+0.06b 1.73+0.01c 0.42 £0.00 ¢ 6.11 +£0.03 ¢
NRS 1.27 +0.01 f 0.29 +0.00 f 1.41+0.01f - - -
Total 38.1 8.93 48.63 18.60 5.85 46.03

3.5 Analysis of the law of nutritional requirements for wine
grapes

Table 5 shows that the demand for and the proportions of N,
P,0s, and K,O in wine grapes are different during each stage.
The total demands for N, P,Os, and K,O were 262.38 kg/hm?,

288.15 kg/hm?, and 569.04 kg/hm?, respectively, and the total ratio
was 1.00:1.10:2.17. Wine grapes have the greatest demand for N,
P,Os, and K,O during the expansion stage (83.58 kg/hm?
89.93 kg/hm?, and 203.55 kg/hm?, respectively). Each accounted
for 31.85%, 31.21%, and 35.77% of the total demand during the
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entire growth period, respectively. The N demand was in a
descending order for fruit expansion stage, turning-color stage,
mature stage, flowering stage, leaf development stage, nutrient
return stage, and germination stage; the P,Os demand was in a
descending order for fruit expansion stage, flowering stage,
turning-color stage, mature stage, leaf development stage, nutrient
return stage, and germination stage; and the K,O demand was in a
descending order for fruit expansion stage, turning-color stage,
flowering stage, mature stage, leaf development stage, nutrient
return stage, and germination stage. The ratio for N:P,O5:K,0O
changed with the growth stage. The ratio for N first decreased
and then increased, and the ratios for P and K both increased at first,
but then decreased.

Table 5 Nutritional requirement characteristics during each
growth stage

Growth stage  N/kghm?  P,0s/kg hm?  K,O/kg hm?  N:P,0s:K:0
GS - - - -
LS 1856 £0.20e 15.61 £0.14e 19.38 +0.24e 1.18:1.00:1.24

FS 4220 +0.48d 69.05+0.49b 101.22 +0.11c 1.00:1.63:2.40
ES 83.58 +1.90a 89.93+0.62a 203.55+*1.65a 1.00:1.08:2.44
TS 58.72+0.20b 60.33+0.28 ¢ 138.99 +0.60 b 1.00:1.03:2.37
MS 53.26 +0.32¢c 49.27 +£0.28d 94.17 +£057d 1.08:1.00:1.91
NRS 6.06 +0.08 f 3.96+0.14f 11.73+0.18f 1.53:1.00:2.96
Total 262.38 288.15 569.04 1.00:1.10:2.17

4 Discussion

4.1 Dynamic analysis of the macronutrient requirements for
wine grapes

Appropriate amounts of nitrogen fertilizer at the appropriate
stage can coordinate the vegetative and reproductive growth of
wine grapes, and promote leaf tip germination®?. Metay et
al.[?! pelieved that the nitrogen that accumulates in the tree body is
gradually absorbed by the roots from the germination stage and is
transferred to the new tissues. It then migrates from the
vegetative growth areas to the reproductive growth areas after
flowering.  The vegetative organs provide nutrition for the
reproductive organs from the leaf development stage to the
expansion stage and the nitrogen contents of leaves and fruits
gradually decrease during the reproductive stage as the fruit
expands. At the mature stage, the nitrogen returns and is stored in
the roots and stems, which increases their nitrogen contents. This
study found that the root nitrogen content of wine grapes across the
whole growth period reached a peak during the leaf development
stage, was lowest during the turning-color stage, and gradually
increased at the mature and nutrient return stages. The stem
contents were lowest during the expansion stage. The content
showed a linear downward trend.

Phosphorus transfers energy in the metabolic process, and
participates in the control of carbohydrate metabolism and the
transport of carbohydrate substances’??.  Schreiner et al.[®!
suggested that early phosphorus was mainly used for the vegetative
growth of wine grapes, the differentiation of leaf and flower buds,
and the formation of new tissues. In this study, the phosphorus
content of wine grape leaves and secondary branches gradually
decreased during the leaf development stage. After reaching its
lowest point, the phosphorus content of the leaves increased. In
contrast, the phosphorus content of the fruit showed an opposite
trend. It was greatest during the turning-color stage, which was
consistent with the results reported by Schreiner et al. The slow
movement of phosphorus means that the phosphorus content in

secondary branches and leaves gradually decreases. As the fruit
expands, the accumulation of dry matter increases and phosphorus
gradually migrates to the fruit. After the turning-color stage, a
large amount of phosphorus accumulates in the fruit, and this
accumulation continues until the fruit matures. During this stage,
the phosphorus gradually migrates to the growth point and
perennial organs, which means that the phosphorus content of each
organ gradually rises.

The growth, development, and wine quality of grapes are all
affected by potassium®.  Poni et al.® suggested that
potassium is highly mobile in the tree and rapidly migrates to the
site of vigorous metabolism after being absorbed by the root
system. This study found that the potassium contents of the
roots, trunks, and primary branches significantly changed over
the whole growth period. The overall values were 4.11-
11.26 g/kg, and the potassium content of the fruit showed a
downward trend. The potassium content of the leaves decreased
from the leaf expansion stage, increased during the expansion
stage, and then began to decrease. The reason is that before the
mature stage, the tree body continues to absorb the potassium
necessary for growth, and the potassium in the leaves, roots, and
stems migrates to the fruit. At the mature stage, potassium
flows back and is stored in roots and stems, which decreases the
potassium content in leaves and the increases the potassium
contents of roots and stems.

4.2 Determination of the fertilization requirements during the
different growth stages of wine grapes

Fertilizer utilization by wine grapes is directly affected by the
nitrogen, phosphorus, and potassium ratio. This study found that
the total demands for N, P,Os, and K,O were 262.38 kg/hm?,
288.15 kg/hm?, and 569.04 kg/hm?, respectively, with a ratio of
1.00:1.10:2.17. During the expansion stage, the demand for N,
P,0s, and K,0 all reached their maximums, accounting for 31.85%,
31.21%, and 35.77% of the total demand, respectively. This
shows that the expansion stage is when the nitrogen, phosphorus
and potassium are most efficiently used in wine grapes. During
the expansion stage, the volume of the various wine grape organs
increase, the cells grow and divide, dry matter contents gradually
increase, and the demand for nitrogen rises. Phosphorus controls
the metabolism of carbohydrates and their movement in fruit trees.
As the fruit expands, dry matter accumulation, carbohydrate levels,
and P,Os demand increase. The increase in potassium
accumulation during the wine grapes ripening process promotes the
synthesis®!, migration, and transformation of protein and sugar in
the fruit. Therefore, after the fruit expands, the quality of the fruit
gradually improves with the change in fruit color, and the demand
for K,O in the fruit decreases.

5 Conclusions

On the relatively poor alkaline calcareous soil found across the
eastern foothills of Helan Mountain in Ningxia, the demand for N
during the grape vegetative growth stage is high, whereas the
demand for P and K gradually increases during the later stages of
expansion, especially the demand for K during the mature stage.
The fruit expansion stage is the stage when the nutritional
requirements of wine grapes are the greatest. The requirements
for N, P,Os, and K,O over the whole growth period of 7-year-old
Cabernet Sauvignon are 262.38 kg/hm? 288.15 kg/hm? and
569.04 kg/hm?, respectively. The most suitable N, P and K ratio
is 1.00:1.10:2.17.
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