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A meta-analysis of the response of terrestrial plant biomass allocation to simulated

N deposition
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Abstract: This study aimed to reveal terrestrial plant biomass allocation between aboveground and belowground tissues
under nitrogen (N) deposition and to provide a foundation for studying carbon (C) and N cycles, stand harvests, direct
cultivation in different ecosystems, and relevant research and practices regarding plant biomass allocation. Through
synthesizing data from 63 peer-reviewed publications, we quantified the response of plant biomass allocation to N deposition
by meta-analysis and assessed the influences on plant biomass allocation of different ecosystem types, plant species, and N
forms and levels. This study found that N deposition significantly increased the aboveground biomass of plants, with plant

leaf biomass and stem biomass showing an increasing trend under N application. However, although underground biomass
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increased under N deposition, the increase was less than that of the aboveground biomass. Fine root biomass and coarse root
biomass did not change significantly under N deposition. The root: shoot ratio decreased significantly under N application.
Leaf weight ratio, stem weight ratio, and root weight ratio did not change significantly under N deposition. In addition,
subgroup analysis showed that there were differences in the response of the root : shoot ratio and total biomass to N deposition
for both ecosystem type and plant species. Herbaceous plant biomass accumulation increased significantly more than that of
woody plants, which meant N deposition could increase the coverage of herbaceous plants. Nitrogen forms significantly
affected the response of the root;shoot ratio to N application, with ammonium nitrate having a more significant effect on the
root : shoot ratio than urea. The response of aboveground biomass to N application was significantly affected by the level of N
application. Aboveground biomass was promoted the most at a medium N level (60—120 kg hm™a™") and at a high N level
(=120 kg hm™a™"), there was less of an effect, which was consistent with the change in total biomass. This result
indicates that excessive N deposition inhibits plant growth. In addition, there were temporal differences in the effects of N
application on the aboveground biomass of plants. In this study, when the N application time was longer than 3 years, the
effect of N application on aboveground biomass was negligible. In conclusion, short term N application will allow most
terrestrial plants to allocate more biomass to aboveground parts and the biomass accumulation of herbaceous plants is better
than that of woody plants. These conclusions will provide a reasonable scientific basis for future correlative studies on plant

carbon storage, community structure, tree species diversity, and vegetation dynamics under N deposition.

Key Words: terrestrial plant; meta—analysis; N deposition; plant biomass allocation; root:shoot ratio; root weight ratio
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R PTRE A JE AR Y B S SRR A B 63 G RIAT & R B ST (LIS ) |, 3R 562 AN WRINAE T
Meta 7387, FTICER B0 SO AT G L I ARE : (1) Frikie SCh b i & 2 /b — A T o A ) A ) 12 4 TG
VEE W bR , 1T HSCE o g R S I 18] i i b2 DL B s i) AU R B AR 28 R G R B 156
(2) AHEIEHEAESFAT T RSN S R G AU A W 53 BC A 520 AAS B S ML) TR 1 1 6 1 2% PR
W, 2 PRI BHERR ; (3) #2057 e DORIGT B DXL A0 T[RRI S S5 F T 5 (4) B8R A Ty 2588
P 25 P97 SCEE A 1 B 58 RT3 i3 4K 44F Engauge Digitizer ( Free Software Foundation, Inc., Boston, MA, USA)
NS5 9 P 2R b A T HR B T 58 o AR 5 (5) XT38 B R R RIS, AN e BBURBE DL 280 T ek 1) S 6 20 R xef
MREH B . R T ke A Rl AAT , A8 SCiE 3T Statal2 (Stata Corp., College Station, TX, USA) HJ Egger B £ [F]1H 1k
X 28 S A TG 0 A S A ke Y B T

FEHCHE 2 rpa it e A0 (AGB) R AEW R (BGB) MUE L (R/S) BVE R (TB) MHEY &R (1LB) |
ZEA Wi (SB) (AR A W5 (FRB) HARA Y& (CRB) ZEHE L (SWR) MRE L (RWR) FIH L (LWR) i 11
ANFEPR (R 1) R AT T A Y R RO 00, JFReh b e F AR e L RLEAE W o il T
ANTR) 20 T 1 — 25 B A ] PR R RCRE 5 RS AR W 43 e A R AR X 520 . BRI AL AT - AUAL 3K
S NE R (HN) =120 kg hm™2 a™', P& ( MN) 60—120 kg hm 2a™ A{EZA (LN) <60 kg hm2a™" ; ML,
43 HAEIREE (NH,NO,) JRZE (urea) FIHAD ; 4= 25 R G H )0 A FR K (forest) | B (grassland ) F1HA ; 424
For HEAR (grass) (FEIA (broadleaf) 44 (conifer) JEA (shrub ) R ; BF 5T RFLERT [H] 43 M AN B 1 4R
1—3 4EF0 3 4E 2 DA E 3 BB,

F1 NHBERHNES EXFEA
Table 1 Abbreviation used in this article, together with a definition and the units applied here

B 3 4 Pb English

455 Abbreviation full mame F845 Variables FE X Definition YL Unit
AGB Aboveground biomass M A Y AZER T E g
BGB Belowground biomass AR FEPIAR T 8 g
R/S Root/shoot ratio MR L TR/ TE+2ETE g

TB Total biomass ISYEE 7k AR ZERI S TR g

LB Leaf biomass A e T & g

SB Stem biomass Ehya ES iy g
FRB Fine root biomass AR <=2mm T E g
CRB Coarse root biomass HLAR Ay i 2mm DL EAREY T g
SWR Stem weight ratio ZEE ETHE/MENHETE /g
RWR Root weight ratio RE L R E/ARZEN ST E /g
LWR Leaf weight ratio - H B/ AR R BT EH /g

1.2 Meta 537

Meta 43A/Ti# 32 METAWIN 2.1 ( Sinauer Associates Inc., Sunderland, MA, USA) Fll Stata 12 ( Stata Corp.,
College Station, TX, USA) SZHL 3@ Mo N b (RR) B F SR X EE AN 3 ( effect size ) A i AL IR X AE P A=
Wi 3 BCRg s, A nE

RR= Xt/Xc (1)
ot Xe F Xe 43 912781250 40 Fv FRZH i 218
In RR= In(Xt/Xc) (2)
Bk
S? S?
v = 17 + - - (3)
n,X> n X7
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TE VTR S I F 50 840, ZELE e 2 $¢33F°3333
BHENR B R e A i R T R Bk Mean effect size
WHEFARE(K2), B NEREARHES & AT AR
2.4 AREEIEAXTFHEY A RS TCSBILE DI Fig. 1 Impacts of elevated nitrogen on biomass allocation
Mg variables of plant

AT 9 H 8L T MRS SO 55 L R % ((NHL,NO, ) AGB: b ki%i abi)vegri)und biomass; BGB: if? tt:% =,
bl DR R b BRSO R g i e ot iomass: CRB LR B course o
Z 5 0E HREVEH T YR LEIH BRI CEIIR0 biomass; SWRZEE L, stem weight ratio; RWR : 4 8 L, root weight
¥ =—0.102;95%CI; —0.162——0.041; & 2¢) , JRZE N ratio; LWR T I, leaf weight ratio; KW it = (P + 95%
HADZUE AR S R R ], BUIRFh e D) sHAAR S RS CR 2
P b R RS A RN 2 R AR E (R 2),

2.5 R[AIE A AR Y A A 43 O TS ADL LT RE 14 e 1

AP 3 Mt E K, B A (HN, =120 kg hm™? a™") "% (MN, 60—120 kg hm™ a™') FME A
(LN, <60 kg hm™ a™") o AS[FJiE &KX 9 b A it R AR W i R i 25 57 1 3, b AR AL A
Wy R e A [t K - B R BEn, Herh op EUKF (60—120 kg hm™ a™') B2, 7300 o (AP-442800 i = 0.
334,95%CI;0.225—0.443 ; [&] 2a) F1(SF-RE0 i = 0.475;95%CI:0.270—0.680; K] 2d) . 7= UK AR A K
FE M b A=y B I AR S, 43 9 R (38000 = 0.176;95% C1:0.058—0.294 ; K] 2a) Fil (-4 %% )% & = 0.
155;95%C1.0.085—0.225; [ 2d) , = B V-1 S AR 38 in (I8 TR UK, 23 3k (CF- X280 = 0.163
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YRR WERARE(F2),
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T 1K 13 F R mEY b A &I, YA 3 4 & L L B X R SEAE AR5 R B 5 (A
2a) . MALT 1 AEMS FEYIHL T A=W o OB AR (P80 B = 0.337;95%C1:0.176—0.498; 18] 2b ) |, 4k
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Fig.2 Effect of elevated nitrogen on biomass allocation with different ecological type, vegetation type, N form, N level and duration

a: i =W aboveground biomass; b th T 424, belowground biomass ;¢ ; #2J H , Root/shoot 5 d ; B A4 3t , total biomass ; 45455 P9 A9 5UE

AL EA KL
F2 @M EMENESEZINEFHRRED T

Table 2 Between—group heterogeneity ( Oy ) for N deposition effect size across different categorical variables of biomass allocation
A b LAY (AGB) R Y (BGB) HRIELL (R/S) A (TB)
Variables Qs P Qg P QO P Qy P
HZS R LA Ecosystem type 2.499 0.287 5.846 0.054 13.730 0.001 ** 12.460 0.002 **
FHIZEI Vegetation type 0.932 0.919 0.039 0.980 19.730 <0.001 ** 18.924 <0.001 **
ZIEA N-form 2.692 0.260 0.232 0.630 6.380 0.041" 0.591 0.744
&K N-addition level 8.179 0.017" 3.073 0.215 3.050 0.218 6.915 0.032"
FFLEMS (] Duration 11.683 0.003 ** 20.952 <0.001 ** 0.870 0.646 1.173 0.556

Qg : 18] 57 JFi 1 , between—group heterogeneity. & H1 B S ARTE P<0.05 4b 257 3, AR50 22 7 W 35
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