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Effects of Nitrogen, Phosphorus, Potassium Deficiency and Water Shortage on
the Seedling Growth of Trisetum tibeticum

CHEN Ying-xi, ZHANG Jian-hang, WU Wen-hao, ZHANG Hao, SHAO Lan-li, Ren Jin-peng,
XUE Song-ang, WU Wei-gang, MIAO Yan-jun’
(Xizang Agriculture and Animal Husbandry University, Nyingchi, Xizang 860000, China)

Abstract: A sand culture pot experiment by using a two-factor completely randomized design was conducted to
investigate the growth patterns of Trisetum tibeticum seedlings under nitrogen, phosphorus, potassium defi-
ciency, and water shortage conditions. The experiment included four nutrient treatments: complete nutrition
(CN), nitrogen deficiency (ND) , phosphorus deficiency (PD) , and potassium deficiency (KD). And four
water treatments: 80% field capacity (W), 60% field capacity (W,), 40% field capacity (W), and 20%
field capacity (W,). The results showed that plants of ND treatment exhibited stunted growth with withered
leaves, leaves of PD treatment appeared dark green, and leaves of KD treatment showed yellowing and curling
at the tips. Water shortage reduced plant height, and growth rates of ND and PD treatments showed declining
trends after three weeks. Nutrient-water interactions significantly influenced leaf length, leal width, root
length, root surface area, root volume, above-ground and below-ground biomass, and root-to-shoot ratio (P<C
0.05). Under different water conditions, ND treatment consistently resulted in the shortest leaf length, while
CN treatment exhibited the greatest leaf width. Water shortage promoted root development in CN treatment,
with the largest root surface area and root volume observed at W,. ND and PD treatments increased the root-to-
shoot ratio, with biomass allocation shifting towards below ground parts, while KD had no significant effect on
the root-to-shoot ratio. Therefore, the interaction between water shortage and nutrient deficiency synergisti-
cally inhibits the growth of Trisetum tibeticum. In seedling cultivation of Trisetum tibeticum, enhanced growth
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monitoring and timely targeted supplementation should be implemented.
Key words: Trisetum tibeticum ; Nutrient deficiency ; Water shortage ; Seedling growth; Stress interaction
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Table 1 Information of experimental materials
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Materials ~ Collection site Altitude/m  Latitude Longitude
P = B BT HIFLE 4883 30°57'30"N 88°58'42"E
Trisetum Xainza
tibeticum County
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Table 2 Preparation table for stock solutions of macronutrients and micronutrients

K4 JCE Macronutrients

f# & JC % Micronutrients

i 7 #4 FX Reagent name

#¢ )% Concentration/ (g-1. ")

{7 44 B Reagent name #¢ )% Concentration/ (g-1. ')

Ca(NO,),4H,0 82.07
KNO, 50.56
MgSO, - 7H,0 61.62
KH,PO, 27.22
NaH,PO, 24.00
NaNO, 42.45
CaCl, 55.50
KCl 37.28
Fe-EDTA:
Na-EDTA 745

FeS0,-7H,0 5.57

H,BO, 2.86
MnSO, 1.02
CuS0,-5H,0 0.08
7nS0,- 7TH,0 0.22
H,Mo0, 0.09
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Table 3 Preparation table of nutrient solution
I 4% £ 1000 mL & FEW I £ W & The amount of stock solution in each 1000 mL of nutrient solution/mL
Stock solutions 4% Complete nutrient  #k N Nitrogen deficiency  #k P Phosphorus deficiency Bt K Potassium deficiency
Ca(NO,),-4H,0 10 10 10
KNO, 10 10
MgSO, - 7H,0 10 10 10 10
KH,PO, 10 10
CaCl, 10 2.50
KCI 10
NaH,PO, 10
NaNO, 10
Fe-EDTA 1 1 1 1
A ILZE Trace element 1 1 1 1
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Fig.1 Nutrient deficiency symptoms in Trisetum tibeticum seedlings under different treatments
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Fig.2 Effects of nutrient deficiency and water stress on plant height growth of Trisetum tibeticum
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Fig. 3 Effects of nutrient deficiency and water shortage on leaf length and width of Trisetum tibeticum
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Note: (A) Leaf length of Trisetum tibeticum under different nutrient deficiency and water shortage treatments; (B) Leafl width of Trisetum tibeti-

cum under different nutrient deficiency and water shortage treatments
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Fig. 4 Effects of nutrient deficiency and water stress on root morphological parameters of Trisetum tibeticum
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Note: (A) Root length of Trisetum tibeticum under nutrient deficiency and water shortage treatments; (B) Root surface area of Trisetum tibeticum

under nutrient deficiency and water shortage treatments; (C) Root volume of Trisetum tibeticum under nutrient deficiency and water shortage treatments
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G3 B T WL AR T B/, 3N T WL (P
0.05), % W Jd /> 35.49% . ND &b 2 () T A= 4 i
Wit 7K 4 1 a2 5 3 5 G s b R R, W S A
T ok, B#FE KT W, (P<0.05) , & W, 8 i
51.00% . PDALFRYE AR AR/ FERARE .
KD &b 3 1) 3 Az P £ Bl 2 7K 43 i k20 52 R 5 1 T
i FRER R, WA T e/ B 3 /N T A K 53
AP (P<0.05) , 8 W 3§ 2> 70. 53 % .

WE 5B FTR  1E W, W, Hl W, 44 ,ND il

PD &b B A4 P 5 = B 5 b A ) B > (P<
0.05), W,, W,, W, i ND # I A= 9 & % CN 43 i1 (%
i€ 77.17%,82.18% ,81.64% ,W,, W,, W, ) PD Hi
A & B CN 43 i B AL 65.49%, 71.90%,
78.55% . W, & FF CNALHE ) #b b A9 i B K,
iR T HAb B R 4B (P<<0.05). CNAHF /Y
=B YR ZR WA R E N, R ENT
Ho Al 7K 43 4b BE(P<<0.05) , 88 W, [ AIK 19. 18% , ND
WAEANTIK T EFARE KD AT
Hb b A i B A K 43 I k2 S 8RS 3 s k2 1
=k

mE 5O FrR , AN FEIK 43 44 F ND F PD &k
S B = B RO LR R, B3 KT CN AR RN
KD 4k Bl (P<C0.05) , W, 4k B F ND # CN 3 Jin
73.11%,PD % CN## /i1 81. 87% , W, kb ¥ ' ND #;
CN #4411 204. 08 % , PD % CN 34 Jint 154. 69 % , W, &b
PR ND # CN 4 Jin 276.38%, PD % CN ¥ /i
228.34% , W, Ab #L R ND % CN #4 fin 155. 70% , PD
B CN BN 80.55% . ND F1 PD Ab ¥ F # 5 L B %
Koy W2 B EAHE TR B A WL R W,
FAF T AR IR LG 1S K, AR a2 ) bR R A B RS
DA T R B
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Fig.5 Effects of nutrient deficiency and water stress on biomass allocation patterns of Trisetum tibeticum
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Note: (A) Belowground biomass of Trisetum tibeticum under nutrient deficiency and water shortage treatments; (B) Aboveground biomass of Tri-

setum tibeticum under nutrient deficiency and water shortage treatments; (C) Root-to-shoot ratio of Trisetum tibeticum under nutrient deficiency

and water shortage treatments
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Fig. 6 Pearson Correlation analysis among morphological
parameters of Trisetum tibeticum
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Note: The X;~X, represent plant height, leaf length, leafl width,
root length, root surface area, root volume, belowground biomass,
aboveground biomass, root-shoot ratio, water content, nitrogen con-
tent, phosphorus content, and potassium content, respectively. Red
indicates a positive correlation, while blue indicates a negative correla-
tion. The absolute value of the correlation coefficient indicates the
strength of the relationship, with larger absolute values signifying
stronger correlations. The statistical significance of the correlations is

indicated as follows: * denotes P<Z0. 05, and ** denotes P<<0. 01
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