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Effects of Different Nitrogen Forms on Growth, Water Status and
Osmoprotectants in Pinus koraiensis Seedlings under Drought Stress

HAN Jiawei HUANG He LIU Huiliang WU Haibo SHEN Hailong ZHANG Peng’

(College of Forestry ; Northeast Forestry University , Harbin - 150040)

Abstract To investigate the response patterns to nitrogen forms and determine the optimal nitrogen supply
form for enhancing drought tolerance, seedling morphology, biomass, needle water status, and osmoprotectant
mass fraction were examined in two-year-old P.koraiensis seedlings under drought levels (moderate and severe
drought, with full irrigation as the control) and nitrogen forms (nitrate nitrogen, ammonium nitrogen, and
glycinate nitrogen, with no nitrogen application as the control). The results indicated that the interaction
between drought levels and nitrogen forms significantly affected the root morphology , root and needle biomass,
seedling quality, needle water status, and osmoprotectants in P. koraiensis seedlings (P<0.05). Under full
irrigation, seedlings fertilized with ammonium nitrogen exhibited significantly superior performances in seedling
height, total root length, total root area, root biomass, Dickson’ s quality index, and osmoprotectant mass
fraction compared to those fertilized with glycinate nitrogen (P<0.05). Under moderate drought, seedlings

fertilized with glycinate nitrogen showed no significant differences in seedling height, root collar diameter, total
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root volume, root tip number, biomass in various organs and the whole plant, Dickson’s quality index, needle
water status, and proline mass fraction compared to those fertilized with ammonium nitrogen. Under severe
drought, seedlings fertilized with glycinate nitrogen demonstrated significantly better performances in root collar
diameter growth, total root length, total root area, root biomass, needle biomass, total biomass, Dickson’s
quality index, needle water status, and needle osmoprotectant mass fraction compared to those fertilized with
inorganic nitrogen (P<0.05). The response of P. koraiensis seedlings to nitrogen forms was significantly affected
by drought levels. Under full irrigation, inorganic nitrogen (especially ammonium nitrogen) favored seedling
growth and osmoprotectant accumulations. However, under severe drought, glycinate nitrogen improved
seedling water status by promoting osmoprotectant accumulations, being more beneficial for seedling growth
than inorganic nitrogen. This study elucidates the growth response of P. koraiensis seedlings to different nitrogen

forms under drought stress, providing theoretical basis and technical reference for cultivating drought tolerant

seedlings through nitrogen application in nurseries.
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Table 1 The concentration of nutrient elements in nitrogen-free nutrient solution and the configuration of fertilizers

BFICER I H bR EE ek Jiti It £ Fertilization rate/(mg-L™)
Nutrients and target Fertilizers %1 AR HAR HHLA
concentration/(mg-L.™") CK Nitrate nitrogen ~ Ammonium nitrogen  Glycinate nitrogen
N(500.00) Ca(NO,), — 2 929.00 — —
N(500.00) (NH,),S0, — — 2360.00 —
N(500.00) C,H,NO, = — — 2 681.00
P(200.00) KH,PO, 877.00 877.00 877.00 877.00
K(500.00) K,SO, 555.00 555.00 555.00 555.00
Ca(267.00) CaCl, 741.00 74.00 741.00 741.00
Mg(133.00) MgSO,-7H,0 1 348.00 1 348.00 — 1 348.00
Mg(133.00) MgCl,-6H,0 — — 1111.00 —
Fe(13.33) FeSO,-7H,0 66.33 66.33 66.33 66.33
Mn(2.67) MnCl,-4H,0 9.60 9.60 9.60 9.60
Zn(1.07) ZnS0O,"7H,0 4.70 4.70 4.70 4.70
Cu(0.50) CuSO,-5H,0 1.96 1.96 1.96 1.96
Mo(0.07) Na,MoO,-2H,0 0.18 0.18 0.18 0.18
B(1.67) H,BO, 9.55 9.55 9.55 9.55

T R —"RER B R A A

Note:In the table, “—" indicated that the corresponding fertilizer was not added.
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Table 2 Main effects and interaction of drought levels and nitrogen forms on the seedling height, root collar diameter

and their growth of P. koraiensis seedlings

P
A SRR FI H
LT 53 - S " ) »
Sources ‘ B 5 o AR A% BLEEURS s
! Seedling height ~ Seedling height growth ~ Root collar diameter ~ Root collar diameter growth
= A2
Fer 2 <0.001 <0.001 <0.001 <0.001
Drought level
AERA
_ﬂ%ﬁ/'“ 3 <0.001 <0.001 <0.001 <0.001
Nitrogen form
=1 N IAVG =1 2 jg‘
TRATARLE 0.276 0.241 0.651 0232

Drought level x Nitrogen form

TE: BEENLAIARR R . R

Note: The significant effects were indicated in bold. The same as below.
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CK. No nitrogen; NN. Nitrate nitrogen; AN. Ammonium nitrogen; GN. Glycinate nitrogen; D,. Well-watered; D,,. Mild drought; D,. Severe
drought. Different uppercase letters indicated significant differences between different drought levels in the same nitrogen form (P<0.05) ; different
lowercase letters indicated significant differences between different nitrogen forms in the same drought level (P<0.05). The same as below.

E1 FTEAEMEEHEESWANEAES MWEREEKENZMN
Fig.1 The combined effects of drought levels and nitrogen forms on the seedling height, root collar diameter and their

growth of P. koraiensis seedlings

2.2 REES (P<0.01) H R LD BOR B BRI LB AR R
W3 P, TR AR SRR AR AR MRV AR 25 A8 SR80 (P<0.01) o

F18) B RR R A AR 3 T RR A 52 ) 420 58 B A 8 5 7K

R3 TEAFNMEZRESHIREARAESHERRMZEER

Table 3 Main effects and interaction of drought levels and nitrogen forms on the root morphology of P. koraiensis seed-

lings
o P
5 SR T i — \ ‘ —
Sonrens h A AR BARER B
Total root length Total root area Total root volume Number of root tips
= A2
Pk 2 <0.001 <0.001 0.015 0.158
Drought level
HERA
ARES 3 <0.001 <0.001 0.089 0.004
Nitrogen form
EL e SV A 52
TRAARRE 6 0.001 <0.001 0.902 0.969

Drought level x Nitrogen form
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The combined effects of drought levels and nitrogen forms on the root morphology of P. koraiensis seedlings
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Table 4 Main effects and interaction of drought levels and nitrogen forms on the biomass and Dickson’s quality index

of P. koraiensis seedlings

P
RS QU B i )
Sources 4 REEME ETAMR FHEWE SRR WA
! Root biomass Stem biomass ~ Needle biomass  Total biomass  Dickson’s quality index
= M7
TR 2 <0.001 0.023 <0.001 <0.001 <0.001
Drought level
AEA
.ﬂ%‘?ﬁ/'u 3 <0.001 0.339 <0.001 <0.001 <0.001
Nitrogen form
E e 3y A 4o
TRAERRES 6 0.004 0.996 0.011 0.052 0.013

Drought level x Nitrogen form

mE 3 s, A FEIE S A ZE T, D, D,
3 AR T 20RO B A i R 4 Bk A W i (P<
0.05). 7ED,FID, F , ANALFH A HIHE 28 A4 A
Y 3 T NN AL (P<0.05) s 7ED,, T, GN Zb B
HIARMHR R BT RN Ak A 1 it 2 2 5 1 NN R
ANAEHE(P<0.05) .

e 4 R AR FES AR T, D, i 3%
1T 20 P B R Y 1R T i 4 £k (P<0.05) . 7ED,,
AN Zh 3R TR T R O T NN Ak
Ff(P<0.05) ,{H5 GNALH T B 2 %576 D, F,
GN Ak B A 1Y) 1 A ot 18 25000 2 0 T NN AT AN
AL ¥R (P<0.05)
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Fig.3 The combined effects of drought levels and nitrogen forms on the biomass of P. koraiensis seedlings
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CK. No nitrogen; NN. Nitrate nitrogen; AN. Ammonium nitrogen; GN. Glycinate nitrogen; D,. Well-watered; D,,. Mild drought; D,. Severe
drought. In this figure, “X” represented the mean of the corresponding treatment. Different uppercase letters indicated significant differences be-
tween different drought levels in the same nitrogen form (P<0.05) ; different lowercase letters indicated significant differences between different ni-
trogen forms in the same drought level (P<0.05).
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Fig.4 The combined effects of drought levels and nitrogen forms on the Dickson’s quality index of P. koraiensis seedlings
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Table S Main effects and interaction of drought levels and nitrogen forms on the needle water potential and needle rela-

tive water content of P. koraiensis seedlings

P
75 SR YA 1 H
S?)TJrces d. IR I AHAT K
! Needle water potential Needle relative water content
TP
Drought level 2 <0.001 <0.001
RAFEE
Nitrogen form : <0.001 0.005
TR HFEIEE
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Main effects and interaction of drought levels and nitrogen forms on the osmoprotectants mass fraction of P. ko-
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Fig.6 The combined effects of drought levels and nitrogen forms on the proline mass fraction of P. koraiensis seedlings
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