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Effects of nitrogen and phosphorus application on needle morphological and
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PAbstract) Nitrogen and phosphorus are the major nutrients that affect vegetation growth and productivity, and their rational
application can promote the growth of Chinese pine seedlings; however, their effects on the needle morphology and anatomical
structure are unclear. The effects of nitrogen and phosphorus application on the morphological and anatomical traits of current-
year needles in Chinese pine seedlings were studied through four treatments with seven applications per treatment: CK (no
fertilizer use), N application (+ N, 20 kg/hm’ per application), P application (+ P, 10 kg/hm’ per application), and both N and P
application (+ NP, 20 kg/hm” N + 10 kg/hm’ P per application). The results showed that the application of nitrogen, phosphorus,
or nitrogen and phosphorus increased the stem diameter, crown size, and aboveground biomass. Nitrogen or phosphorus
application increased current-year needle nitrogen or phosphorus content significantly. Nitrogen application had little effect
on the length, width, thickness, and surface area of the current-year needles; however, phosphorus application increased the
needle length, width, thickness, and surface area. Nitrogen application significantly increased the area and the proportion of
the central cylinder as well as the transfusion tissue of current-year needles, whereas phosphorus significantly increased the
surface area of the epidermis, resin duct cavities, central cylinder, transfusion tissue, xylem, and phloem, and proportion of the
resin duct cavities; the central cylinder and transfusion tissue also increased significantly. Nitrogen application affected 4 of
22 morphological and anatomical structure parameters, whereas phosphorus application had an obvious influence on 14 of 21
parameters, indicating that phosphorus application had a stronger effect on the needle morphology and anatomical structure
than nitrogen application. Principal components analysis showed that phosphorus application mainly stimulated photosynthesis
and resin production, and nitrogen or phosphorus application increased the function of the transfusion tissue. These results
suggest that phosphorus is the major limiting factor for the growth of Chinese pine seedlings, and that phosphorus application
should be highlighted in practice.
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Fig. 1 Precipitation during the treating period. The black arrows indicate
the supplied irrigation.
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Fig. 2 Needle cross section anatomical structure of Chinese pine. The
photo is paraffin section of N treatment (1:100).
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Table 1 Effects of N and P application on the growth and needle nutrient concentrations of Chinese pine seedlings

PR 4b PR Treatment Ji 2545351 ANOVA

Traits CK +P + NP N P N x P
Pk % Height (h/cm) 63.83 + 6.53 62.33+3.13 65.50 £ 2.59 70.33 £ 7.25 NS NS NS
Hi4% Basal diameter (d/cm) 1.80 £ 0.04 ¢ 245+0.03b 2.31+0.02b 2.78+0.03a * * *
5Ll Canopy size (D/cm) 3575+2.13b 44.67+197a 45.67+1.80a 50.58+2.85a ok ok NS
i 3 AE e Aboveground biomass (m/g, DW) 160 +£29 ¢ 234+36b 282+59b 313+77a * o *
K3 BE Branching 10.17 + 1.45 12.50 + 1.56 12.17 £2.00 1517 +2.74 NS NS NS
(45 it Leaf N con. (w/mg g) 1.6+ 0.6 13.8+0.9 12607 155+ 1.0 * NS NS
- 7 i Leaf P con. (w/mg g”) 104+ 1.1 9.2+0.8 12.8+0.9 13.4+0.6 NS o NS

N SHE A 244t  Chin J Appl Environ Biol http://www.cibj.com/
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Table 2 Effects of N and P addition on needle morphology and anatomical structure of Chinese pine seedlings

PR Qb3 Treatments J1 25578t ANOVA
Traits CK +N +P +NP N P N x P

L an &K (NL/mm) 114.41 +8.19 114.30 + 4.98 133.49+10.24  131.01 +7.43 NS * NS
Mfﬂéﬁb T/o gcal £} (NW/mm) 1.08 +0.04 1.08 = 0.03 1.17 £ 0.04 1.14 +0.02 NS * NS
parameters 1 15 (NT/mm) 0.74 +0.03 0.73 +0.02 0.79 +0.03 0.80+0.01 NS * NS
At -2 1 L (NSA/mm®) 321.01 + 31.45 317.06 + 1821  404.60 +41.45  386.58 +27.24 NS * NS
SALEEL (SR) 10.89 + 0.44 10.78 £ 0.36 12.05 + 0.50 1172+ 075 NS NS NS
AL (SD/mm™) 40.94 +2.02 40.94 +2.02 4734 +2.54 46.23+1.95 NS NS NS
i 1 %L (RES) 3.61+0.32 3.33+0.12 439+ 0.63 4.39 +0.60 NS NS NS
T #H AL (CROSS/107 mm?) 63.29 +4.98 61.86 +2.60 72.58 +5.07 72.37+2.50 NS * NS
F 2 WA (HYP/10? mm?) 10.46+0.40 b 10.36 +0.18 b 10.99+0.55ab  12.03+0.25a NS ok NS
i 1 T AR (RESA/107 mm?) 0.58+0.05b 0.78+0.04ab  0.98+0.09a 0.91+0.07a NS o NS
A ZH 21 L (MESA/10” mm®) 36.88 + 4.48 30.01 +£2.36 35.55+4.12 35.40+2.20 NS NS NS
(2 py 2opg TAEITR (CCA/10” mm?) 1537071 ¢ 2071+038b  2507+1.02a 24.03+0.85a * o **
Anatomical  FHTZZUHEI AR (TRANS/10? mm?) 12.69+0.79 ¢ 17.57+037b  21.27+095a  21.61+0.79a % o o
structure AT (XYLA/107 mm®) 1.06 +0.05 ¢ 1.09+0.03bc  1.38+0.06a 0.24+0.04ab NS o NS
parameters g s i 1 (PHLOA/102 mm?) 1.63£0.07b 204+016ab  241=0.11a 2.16+0.07 a NS o o
225 ST AR L] (HYP/%) 16.88 = 1.00 16.86 +0.58 1539+ 0.93 16.70 + 0.55 NS NS NS

TR RS 38 s T AR L8] (RES/%) 0.93+0.05b 1.26 +0.06a 1.35+0.06 a 1.26+0.10a NS o o

I R A2 RRUIT o LA (MES/%) 5725+2.67a  48.14+1.88b  48.16+2.54b  4870+1.69ab NS NS *

PR TR T 7 L] (CC/%) 2493+ 194b 3374+ 137a 3511+2.0la 33.34+125a * ok ok

TR A S AU 5 L) (TRANS/%) 2051 +£1.68b  28.68+142a  2981+1.86a  29.89+0.59a * o *
SIS AT L) (XY L/%) 1.74 0. 21 1.78 £0.07 1.93£0.10 1.72 £0.07 NS NS NS

90 5 3 AT 7 e 5] (PHLO/%) 2.68 +0.32 3.27+0.14 3.36+0.12 3.00+0.15 NS NS *

NL, NW, NT and NSA are needle length, needle width, needle thickness and needle surface area, respectively. CROSS, HYPA, RESA, MESA, CCA TRANSA,

XYLA, PHLOA represent total cross section area, the epidermis + hypodermis

area, the resin cannel cavity area, the mesophyll area, the central cylinder area,

the transfusion tissue area, the xylem area, the phloem area, respectively. HYP, RES, MES, CC, TRANS, XYL, PHLO indicate the proportions of HYPA,
RESA, MESA, CCA, TRANSA, XYLA, PHLOA, respectively. *P <0.05, **P <0.01, NS: P> 0.05.

R3 HMHMHESERANERSBENBEXXR (N=24)

Table 3 Correlation between needle morphology and anatomical structure of different Chinese pine seedlings (/V=24)

L& FRAE

fi i1 45 ¥4 2 %0 Anatomical structure parameters

Traits CROSS HYPA RESA MESA CCA TRANSA  XYLA PHLOA HYP MES XYL
NL 0.792 0.553 0.596 0.639 0.523 0.493 0.498 0.451 -0.606 0.278 -0.393
NwW 0.967 0.581 0.673 0.842 0.543 0.532 0.533 0.510 -0.823 0.447 —-0.551
NT 0.975 0.668 0.623 0.876 0.478 0.503 0.356 0.470 -0.765 0.507 -0.699
NSA 0.886 0.587 0.658 0.731 0.562 0.533 0.559 0.499 —-0.698 0.337 -0.437

NL, NW, NTHINSAZ G K | 98, JEF KA ; CROSS, HYPA, RESA, MESA, CCA, TRANSA, XYLA,
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NL, NW, NT and NSA are needle length, needle width, needle thickness and needle surface area, respectively. CROSS, HYPA, RESA, MESA, CCA, TRANSA,
XYLA, PHLOA represent total cross section area, the epidermis + hypodermis area, the resin cannel cavity area, the mesophyll area, the central cylinder
area, the transfusion tissue area, the xylem area, the phloem area, respectively. HYP, MES and XYL indicate the proportions of HYPA, MESA and XYLA,
respectively. Italics and boldfaces mean significant difference at 0.05 and 0.01 level, respectively.
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Fig. 3 The loading scores of each needle morphological and anatomical
trait by Principal Components Analysis. NL, NW, NT and NSA are needle
length, needle width, needle thickness and needle surface area, respectively.
SR and SD indicate stomatal lines and density, respectively. RES respresents
the number of resin canal. CROSS, HYPA, RESA, MESA, CCA TRANSA,
XYLA, PHLOA are total cross section area, the epidermis + hypodermis area,
the resin cannel cavity area, the mesophyll area, the central cylinder area, the
transfusion tissue area, the xylem area, the phloem area, respectively. HYP,
RES, MES, CC, TRANS, XYL and PHLO means the proportions of HYPA,
RESA, MESA, CCA, TRANSA, XYLA, PHLOA, respectively.
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